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During t h e  l a s t  decade a c o u s t i c  methods f o r  i i s h  abuizdance e s t i m a t i o n  

have been l a r g e l y  impro-ved (BODIIOL'I' 1969, CRAIG and I.'ORBEL'; 1969, 

CUSII ING 1 968, DP?IGESUND and OLSEN 1965, FOIiBE:' and PJAlilCZX 1 972, 

SCl iERDIN0 and TKUSICANOV 1966, TI-IORNE and IJ'OODEY 1970 and TIIOIINE 1973) . 
. A t  p r e sen t  such methods a r e  widely used t o  o b t a i n  informat ion on 

s t o c k  s i z e  on botk exp lo i t ed  and unexplo i ted  f i s h  popula t ions  

(13LINDTIEI~' and WIZTCICEN 1971, J37rZEi'h and 

NAICJCTCi\T 1975, Do1;'D e t  al-, 1970, DRAGESlJPTD e t  a l .  1973, ,JOIIJ\.;\~T\.'ESSOW 

and LOSSE 1973, J:IDTrTJN and NAlCICi3N 1373, TIIO!INi-: e t  a l .  1971). The 

r e l i a b i l i t y  of tlie acoust  i c  nbi i~dance es ti.-:ates o f  f i s h  depends on 

a number of f a c t o r s ,  some of which have been d i scussed  by EI:IJI?LCNBEItC 

and LYTLX 1973, RODIIOLT 1973 rincl i7C!'rrL'II'\'GJi:?J 1975. U s  t i n a t  e s  have 

most o f t e n  been itorked out under t h e  assumption t l ia t  t h e  s c a t t e r i n g  

c r o s s  s e c t i o n  of t h e  fislz i s  p ropor t iona l  t o  i t s  weight (UI:IC:; 1967). 

This  assumption in t roduces  a  b i a s  \t-hich i s  dependent on the  s i z e  

d i s t r i b u t i o n  of klle f i s h  i n  ques t i o n  (C'TZJ\IG 1973, ~ '~ /LI<I ; ;~K 1975) . 
The e s t i m a t e s  of abundance whicl: a r e  p resen ted  here  a r e  worlted out  

u s ing  t h e  observed l e n g t b  dependent s c a t t e r i n g  c r o s s  s e c t i o n s  . ( N A x ~ c ~ : ? ~  

and O L S Z N  1973). 

S ince  19'71 t h e  I n s t i t u t e  of : larine Research has c a r r i e d  out  a c o u s t i c  

surveys  each autumn wi th  t h e  aim o  a s s e s s i n g  t h e  s tock  s t r e n g t h  of 



t h e  Barents Sea cape l in  (UP!AG$:SUND e t  a l ,  1973, bITD?VLIUN and 

!\TAIdCEN 1973). Some prel iminary r e s u l t s  f ron  these  c r u i s e s  a r e  

given i n  e a r l i e r  r epor t  s ( I>~?~?GICSIJ~\T!~ og Y,L;J<:(i!: 1972, C + J W S / L  TC! l  

e t  a l ,  1972, DOi,T.',%S1TG:i e t  a l ,  1974, BU:4sj."i'i e t  a l .  1974). 

Since 1973 the  i n s t i t u t e  has  a l s o  c a r r i e d  out acous t i c  surveys 

i n  ;Lay - June f o r  ctocI< assessment of capel in  (IZ,'LUG og :.O:;.';TIJu 

1974, DALEK og D0FIIt;ASNZS 19741 AKSLl\L?Tr) e t  al. 1375) . 
Tlze present  paper desc r ibes  the  technique used duriilg these 

surveys and the r e s u l t s  achieved during t h e  autumn surveys i n  

the  per iod 1971 - 1974. 

Fig.1 shows the  survey sou tes  and i i s h i n g  s t a t i o n s  i n  1973 and 

comparison of Fig.1 and Table 1 i n d i c a t e s  the  approxi1;zate coverage 

the  o t h e r  years .  I n  the  following we s h a l l  f i r s t  e s t a b l i s h  a s e t  

of forniulas f o r  l a t e r  use ,  ' r i ~ e r e a f t e r  tve s h a l l  consider. the  
t echni-qties 

p r a c t i c a l  a spec t s  of both the  observatioq4and the  computations. 

blien f o u r  categoriesM (age groups, s i z e  groups or spec ies )  of 

f i s h  a r e  mixed and thus simultaneously con t r ibu te  t o  the echo, 

then the  in teg ra ted  echo i n t e n s i t y ,  l ; ,  can be w r i t t e n  (FCZBXS 

and NA;,7?2?? 1972) : 

, c  7 c -. 
J i l  9 ' 3 

a n r i  ' 
- 4 a r e  the contribilbi crrs t o  t h e  integrater!  

echo  iiite::sit y f ron  eacl-i cakegory , '!'Ile i'el-a Lioi1s::ip beti..reen 

the  f i s h  d e n s i t y  and i n t eg ra ted  echo  i n t e n s i t y  is  Jineai-: 

wliere p, i s  the  nuzber of f i s h  p e r  u n i t  area, V i s  the  dcns i ty  
t ,  

c o e f f i c i e n t ,  d i s  a threshold dens i ty  and i denotes tlie cntegory. 

\/hen d i s  neglected equation T I  reduces to :  



Assurne now t h a t  f requent  sampling shovs the  t r u e  dens i ty  r a t i o s  

between t;Eie d i f f e r e n t  cakegories of i i s h .  T:hen k expressed the 
i 

i - t h  c a t e g o r y l s  proport ion of the t o t a l  ca tch ,  then: 

Combination of i and V will now give T '  a s  a functio-I of :r, C and 
i 

I:, and by usiiig equat ion %'Il the  densicy o f  eacll categor-y o f  fis11 

can be expressed by observed q u a n t i t i e s  only. The r e s u l t  i s :  

B y  these  formulas tko  absolu te  .ris21 density 9, * L  (11ui.bcr p e r  

u n i t  a rea )  cali: Se ~oi:iputed, provided tt-iat co r respo~?d i i~g  values 

o f  'I, Ic and C are  Icno~m. L'he computations above can e a s i l y  be  

carriecl out fo r  b o t h  a l e s s  and a l a r g e r  ilu:.iber oi i i s i i  cztegor'ies. 

Integra%ecl echo i n t e n s i t y . .  , 

'i'he v e s s e l s  used i n  the  surveys were all equipped w i t l l  .<i:nrad 

scientific sounders and Cimrad echo i n t e g r a t o r s  (BODI!OI,L 1969,  



cliannels were added and t h e  "spec ies"  colui;in ii? F i g .  2 were 
0 

f i l l e d  i n .  

VESTNES I 969, GEI3iAItDSEN e t  a l ,  1968, Ni1I;ICEN og VESTNES 1970, 1 

D R A G E S W D  e t  a l .  1968). The main advantage of the  s c i e n t i f i c  sounder 

i s  the  c a l i b r a t e d  tirne var ied  ga in  funct ion ,  This  funct ion  was used 

i n  the  mode 20 logli f o r  a l l  t he  observat ions,  Tlie s i x  echo i n t e -  ! 
g r a t o r  channels onboard "G,O. Sars"  and the  4 channels onboard 

The tliree years  wl~en trfo sl2ips were used ir i  the  i n v e s t i g a t i o n s ,  

i n t e r c a l i b r a t i o n  runs were c a r r i e d  out i11 orclei t o  liave coi;l- 

parable val-ues of l:. 'Pj!e two s l ~ i p s  saj-led one bel l i~~cl  al?d 

s l i g h t l y  t o  the s i d e  or^ the o t h e r  for 20-35  naut-ica? niiles, 

"Iiavdrerntt and "Johan Hjor t f f  were s e t  t o  cover t h e  depth column 

from 10 m depth t o  300 m o r  bottom. The outputs  of the  in tegrakors  

were s t o r e d  f o r  each nautica.1 mile and the  average outputs  per  

n a u t i c a l  mile were logged f o r  every f i v e  n a u t i c a l  x i l e s  s a i l e d  

(li'ig, 3,) Continuouc ~~a tc f - i e s  were l tspt  on the acous t i c  i n s t r u c ~ e n t s  

th~-oughout the  e n t i r e  c r u i s e  and wllenever the  recording - a s  i t  

appeared on tEie eclio sounder recorder  - changed, a sai:?ple was 

taken with the  appropr ia te  gear .  The echograns and in teg ra ted  

echo i n t e n s i t i e s  were sc ru t in ized  each day, and con t r ibu t ions  f r  

" f a l s e f f  echoes (wakes and f a l s e  bottoms) were removed, The 

con t r ibu t ing  spec ies  were i d e n t i f i e d  and t h e i r  contri.bu!;Lors to 

the i n t e g r a t o r  readinrgswere determined on the  b a s i s  o f  the 

composition of tlie t ra r i l  ca tches  and the  p a t t e r n s  of the  

echograms, (F ig ,  3 ) .  Tl-ie cont r ibut ions  frorn the  d i f f e r e n t  dept11 

tlius observj.ng the  sar,ie r i s 3  concentratioils  , Care was ta?:eil so 

tile secolid s h i p  d i d  not come i n t o  the w d r e  o f  the  f i r s t .  

s t r a i g h t  l i n e  (13~uat ion  VI'] ) was f i k t e d  to tlie observed 

i n t e g r a t o r  oulputs  by a  l e a s t  mean square a - i i a l ~ ~ s i s l  

l 
l 

i . ; ,  = st;. -!- b  ( V I L )  
1 i n l 

I? and Mg a r e  i n t e g r a t o r  readines i n  mm dev ia t ion  per nau t i ca l  A 
mile f o r  the  two sliips A ar.d D. a aixl 1.) a re  cons t n 7 - t t s r  " ( ; , O ,  

Sarsf '  w a s  always talren as sl;ip i, Values i o r  a ,  b and t h e  

c o r r e l a t i o n  a r e  given i n  Table 1 * 



Catch composition p r o p o r t i ~ n ~  1c. 

The total. nunbers of f i s h i n g  s t a t i o n s  i n  the  d i f f e r e n t  yea r s  a r e  

given i n  Table 1 .  was c a r r i e d  out whenever t h e  p a t t e r n  

of the  ecbo recording changed o r  when the  need f o r  b i o l o g i c a l  

d a t a  made i t  necessary.  The t r awls  used were a l 1  of com~xercial 

s i z e s  wi th  an innernet  of meshsize 7 mm bar  i n  the  codend. The 

pelngic  t r awls  had square openings with a  c ircunference of l100 

t o  1600 :neshes 200 mr1 ixesh s i z e ;  the  bottoiii t rawls  were of the  

Granton type. A l l  slrips wcre equipped with ne t  sondes thus 

allowing very prec ise  dep bh posi t ioning  of the  pe lxgic  t r a v ~ l s .  

Standard towing time was 20 minutes, but when the  ne t  sonde 

i i idicated t h a t  a  sar;.,pl.e of reasonable s i z e  ( s e v e r a l  baskets )  

was caught tlic t rawl  was hauled e a r l i e r .  The catches were 

so r t ed  irnmediately a c c o r d i i i ~  t o  spec ies ,  and l eng th  measinre:-~ents 

a s  wel l  a s  a:. exarnination of sex,  maturi ty  s t age  and stomach 

contents  were c a r r i e d  out f o r  a l l  samples, 111 s e l ec ted  sarnples, 

observat ions on length/weight r e l a t i o n s  of ind iv idua l  f i s h  

were c o l l e c t e d  and o t o l i t h s  were preserved f o r  l a t e r  age 

detertniilation. hge/length keys were then made and used to 

transforrii the  observed l.eagth d i s t r i b u t i o n  on each s tat i011 t o  

d i s t r i b u t i o n s  of age, From these d i s t r i b u k i o n s  the  proport ions 

which each y e a r c l a s s  contr ibuted t o  the t o t a l  ca tch ,  !L, were 

f  ound , 

Density c o e f i i c i e n t ,  C ,  

:Juti~erical va lues  of the  delysity coeff  ic ie i l  t ,  C ,  were dc ter!-:inal 

by the  rilethod described by hlIDTrI'UX ancl 'TA1;:T8??: ( 1971 ancl 1973) , 
Corresponcling valuec of Ji,% and ;,I (equat ion 1 I )  irere obtaiiied by 

counting of t r a c e s  on the paper record w3en f i s l i  were recorded 

as  i n d i v i d u a l s ,  The r e l a t i o n  between the ~ lu i i?bc~ of fisk t r a c e s  

on the  paper record,  N ,  and the  number of f i s h  per  u n i t  a rea ,  

fJ4 ,  when no overlapping between successive t ransmissions 

occurs ,  i s  (FGRB~CS and NAIGiEW 1972) : 

- 
wliere ' i s  tlie mean deptil of the  counted specii??eils, Q i s  the  



sampling aiigle of the  beam and n the  number of trans;?issioils  over 

1 n a u t i c a l  inile, Tlie sampling angle ,  6 , was deterciined in the 

d i r e c t i v i t y  diagram a s  the  angle corresponding t o  the  d i f f e r e n t  

between the  ga in  s e t t i n g  during the  counting run and the  ga in  

s e t t i n g  a t  whicli t he  coiinted cape l in  gave a  j u s t  v i s i b l e  mark 

on the  paper secord. F i n a l l y  a  s t r a i g h t  l i n e  was f i t t e d  t o  the  

observed va lues  of :i and Q, by ineans of  a l e a s t  nean square 

a n a l y s i s  whereby the numerical values of the  dens i ty  c o e f f i c i e n t  

C and t h e  -Elxrec!iold dens i ty  d were detemilined ( ~ ~ u a t i o n  11) , 
Such counting runs were al-ways followed by a  f i s h i n g  s t a t i o n  

t o  ge t  the  l eng th  d i s t r i b u t i o n  of the counted f i s h .  The 

dependency of C on f i s h  l e n g t h  f o r  cape l in  was assumed t o  be 

s i rn i la r  t o  t l iat  f o r  s p r a t ,  Data f o r  s p r a t  a r e  ava i l ab le  (NAE;IC:CN 

and OLSEN 1973, NAKICEN 1975) and give:  

The numerical value o f  CIC was determined from 
S 

'Phe dens i ty  c o e f f i c i e n t ,  C ,  VJaS found fro;vi the  l e a s t  inean 

square a n a l y s i s  of the  counting observa-l;ions, and the inean 
- 

length  l of the  f i s h  from the  corresponding t r awls ta t ion .  

Values of C f o r  d i f f e r e n t  l eng th  groups were t h e r e a f t e r  de te r -  , 

mined by  equation I X .  

Computations. 

The surveyed a rea  was divided i n t o  s u i t a b l e  subareas corresponding 

t o  those used f o r  s t a t i s t i c a l  purposes by the Norwegian Di rec to ra te  

of F i s h e r i e s  (F ' ig .  4 ) .  Vithin each subarea,  iiiean values of FI 

and Ic k k and k a s  well a s  rilean values o f  C 
1 '  2' 3 LI 

C and , 2 3 
C were ca lcula ted  and the  computations ( i n  V I )  were c a r r i e d  out.  

Lc 

ItESUL'PS ilND D I S C U S S I O N  

Figs 5-8 show t h e  d i s t r i b u t i o n  of the in tegrnted  echo in ten-  

s i t i e s  f o r  c a p e l i ~ z  i n  the f o u r  y e a r s ,  'J'1.i~ estii-7ates o f  C C t o  be 
l s 



used i n  equationIX a r e  given i n  Table 2 .  Figs 9-1 2 show the 

dens i ty  d i s t r i b u t i o n  of t h e  four  yea rc lasses  of eape l in  i r i  

autumn 1974 a s  cornputed from equationsVI, d s t i n a t e s  of the  

number of specir~ieizs i n  each yea rc lass  the d i f f e r e n t  years  a r e  

given i n  'rable 3,wliere a l s o  t h e  t o t a l  s  tock ancl tlie .vaturing 

pa r t  of the  stoclc a r e  given. T h e  i~a tu r i i ig  stoc!: i n  Table 3 i s  

the  por t ion  of the  capel in  stock which on the  b a s i s  o i  obser- 

va t ions  of' maturi ty  s t a g e  w a s  expected t o  spaiirn d u r i n g  t h e  

following winter .  The es t imates  a re  of course subjec t  t o  

var ious  e r r o r s  and we w i l l  now d i scuss  the most important 

sources of e r r o r  and t h e i r  inf luence  on the  r e s u l t s .  

In teg ra ted  ecbo i n t e n s i t y ,  :!. 
Tlze variance e r r o r  involved i n  the e s t i r i a t e  of ? I  i s  considered 

t h e o r e t i c a l l y  by BOXIOLT (1973) and EIIRETJBERG and LYrI'LE (1973) 

and on the  b a s i s  of those i n v e s t i g a t i o n s  i t  seems f a i r  t o  con- 

clude t h a t  e r r o r s  of t h i s  type a r e  neg l ig ib le .  This  conclusion 

i s  supported by the  high c o r r e l a t i o n  between the  observat ions 

of D! from the  two dYfferent sh ips  during the  i n t e r c a l i b r a t i o n  

runs ( ~ a b l e  1 ) .  If the  i n t e g r a t o r  output was sub jec t  t o  l a r g e  

variance e r r o r s ,  one should expeet the  c o r r e l a t i o n  c o e f f i c i e n t  

to be lower, 

Vithin the a r e a  surveyed, cape l in  was the  main con tri bu to^ t o  

the echo recordings,  I n  the  e a s t e r n  pa r t  o f  the a rea  s c a t t e r e d  

concentrat ions of poLizr  cod a t  times r)ccurrecl i i l  : i ix ture  ?!rit!z 

capel in ,  especial-ly in 19729 but accordiri,r t o  LI-~c t rav~lcatclies 

the  t o t a l  co :~ts ibut ionc  of o the r  spec ies  no year  exceeded 5 

percent o r  tlie conkribution r r o r i  cape l in ,  and Llie error- due t o  

mixod recortlings i s  t l ~ e ~ e f o r e  considered t o  be neg l ig ib le  f o r  

the  a rea  a s  a  whole, I n  sinalier p a r t s  of the  a r e a ,  however, t h i s  

type of e r r o r  w i l l  be of s ign i f i canee  soine years .  

1 : i s k i  concentrat ions wlzich a r e  shallower than 10 n depkli or  l e s s  

tliarl  2-3 12: fror:i t he  bottoli: a t  200 rri dept11 w i l l  not contr-ibute 

t o  : I ,  It has been shown (RELTECTAL), NAIZCXN and S31EDSri?!iD 1975) 

t h a t  O-group capelin w i l l  s t a y  c lose  t o  the su r face  during the  

day, above the  depth o r  t he  echo sounder t ransducer .  T11is rqas 

a l s o  experjenced during the  present  i n v e s t i g a t i o n s  from 



obsernat ions with sonar and s ide- iool~ing  echo sounder ( V C ~ T E C  1 
l 

og NAICIiEN, 1 9 7 1 ) .  Consequently the  c o n t r i b u t i o ~ i s  t o  the  in teg ra ted  1 

echo i n t e n s i t y  from O-group capel in  were systernat ical ly  too sinall. 1 
Older capel in  were usua l ly  not d i s t r i b u t e d  s o  c lose  t o  the  

sur face  t b a t  they avoided t h e  echosounders, but on some occasions 

concent ra t ions  o f  adu l t  capel in  were fonnd c lose  t o ,  and p a r t l y  on, 1 
the bot tom. ffotvever, the  eventual  underestimate caused by t h i s  

behaviour was bel ieved t o  be neg l ig ib le ,  

Catch composition proport ion,  k. l 
The assumpt iontha t  the  sampling showed the  t r u e  dens i ty  r a t i o s  

between the d i f f e r e n t  yea rc lasses  of cape l in  does not hold good. 

The behaviour of the  O-group has t o  some ex ten t  prevented i t  

from being fisl led by the t r awls  (BELTESTAD, ?.JAI'ICEN and S?li2DS'i'AD, 

1 9 7 5 ) .  I n  a d d i t i o n  the  t rawl i t s e l f  w i l l  be s e l e c t i v e  and under- 

sample the  smal ler  fish due t o  mesh s e l e c t i o n ,  11 considerable  

amoiint of cape l in  g e t s  g i l l e d  along the  e n t i r e  t rawl  En each t rawl 

hau1 and 50 percent  o r  more of a t h r e e  baskets  catcl-i r-iight be 

entangled i n  the  rmshes, \?arj-ations i n  iiiesli s e l e c t i o n  with f i s l i  

s i z e  and f i s k  behaviour a r e  the re fo re  irriportant sources of e r r o r  

and they w i l l  l ead  t o  an underestimate of the  O-group f i s h  which 

i s  cl-ear ly demonstrated i i ~  'rable 3, 

Density c o e f f i c i e n t ,  C ,  

The r e s u l t  of' t he  determinat ions of the  dens i ty  c o e f f i c i e n t ,  C ,  

a r e  shown i n  Table 2 .  The v a r i a t i o n  f ron  year  t o  year  i n  C C 1 s 
i s  p a r t l y  due t o  changes i n  the  performance and p a r t l y  t o  changes 

in t he  gai-*etti.ngs of the  i n t e g r a t i o n  system onboard the  t i ~ , ~ . S a r s "  

Numerical va lues  of C were worked out only f o r  the  counting runs 

where the  corresponding t rawlcatches showed tliat the capel in  

were uniform i n  s l a e  and t lmt  no o the r  spec ies  of s i :n i la r  s i z e ,  

j e l l y f i s h ,  pe lagic  shrimps, e t c .  were nixed with i t .  

Tlie assur:ption t h a t  the  scab te r ing  cross  s e c t i o n  of cape l in  

shows a s i m i l a r  length  dependency as  tha t  of sp ra t  i s  probably 

not completely met with,  ifowever, f ron  the  extensive t a r g s t  

s  t rength  aeasurements which were ca r r i ed  out by ?IllhI.C_77: and 

OL.;ZI; ( 1973) i t  cm be suggcsterl t h a t  the  power i n  ecluation IX 



cannot be f a r  froni 2 .0 ,  A s  the  l e n g t h  range of the  cape l in  

w i 1 1  be r e l a t i v e l y  small ,  6-78 cm, a small  e r r o r  i n  the power 

i n  equat ion I X  w i l l  not ha.ve much inf luence  on the  dens i ty  coeff i -  

c i e n t  C i f  the  value of C has been c o r r e c t l y  determined from f3sh 

i n  the  n iddle  of the  l e n g t h  range. I f ,  however, C has been 

determined f o r  one end of the  l eng th  range, then the  b i a s  a t  the 

o the r  end of the  l eng th  range might be considerable when a wrong 

power i s  used i n  ecluation Izi. I2xperiment.s 011 the t a r g e t  s t r eng th /  

length  r e l a t i o n s h i p  f o r  capel in  w i l l  c l a r i f y  t h i s  point .  

R e l i a b i l i t y  of' t he  resul - t s ,  

Several  poss ib le  sources of e r r o r s  have been mentioned, bu t  i t  has 

not y e t  beei-t poss ib le  t o  worlc out s t a t i s t i c a l  es t imates  of the  

p r e c i s i o n  of the  r e s u l t s ,  I n  order  t o  have same Icnowleclge of the  

confidence which can be given t o  the  numbers i n  Table 3 ,  they 

should be compared t o  e s t ima tes  of stocl: s i z e  obtainecl by o thc r  

methods, Proin Table 3 i t  i s  seer, t h a t  on the  b a s i s  of the  acous t ic  

survey c a r r i e d  out i n  September 1973 the  spawning stock of capel in  

i n  the  winter  of 1972~ was expected t o  be 1.0-1.5 mi l l ion  rnetric 

tons,  These va lues  correspond t o  one of the  e s t i r a t e s  

which were obtained from tagging experiments during t h e  s p a ~ m i n g  

season i n  1974 (DO~I?;ASNI=S 1975). 

2~ comparison of yea r ly  es t imates  of the  number of f i s k  i n  eacl? 

y e a r c l a s s  ( 'rable 3)  i n d i c a t e s  a reasonable red~zct ion betyleen 

the  second ant1 the  t h i r d  year ,  The ari~ount of O-group fisly : t r i l l  

a s  a  ule be uxiderestimated, e spec in l ly  i ; a  1971 wbex only a smal3 

pa r t  of the  O-group d i s t r i b u t i o n  a rea  :~ias surveyed. 
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Table l .  Acoust ic  surveys  f o r  a s s e s s i n g  the s tock strengt11 of U a r c n t s  Sea capcl in 197  1 -1974 .  

23 6 2600 1 1971 12-29 Sept. G . O . S a r s  
/ 

5-20 Aug. G.O. Sars 56 6 4000 3. o o 197 2 Johan H j o r t  

1973 G. O. S a r s  
16 Sept  - 1 8 0 c t .  Johan Hjort 1 O0 1 O 5500 2 . 0  13.6 -98 

1 1974 l5 Sept  - 1 8 0 c t .  zi7izs 
( x  "G.O.SarS '  i s  a lways taken a s  v e s s e l  A) 

Table 2. E s t i m a t e s  of the densi ty coefficient Ci a n d  the t resho ld  drna i ty  di ( P A .  ; 

f o r  capelin, obtained by a l e a s t  rnean s q u a r e  ana lys i s .  r is the cor re ia t ion  

coefficient,  i i s  the m e a n  length of the f ish.  

m m .  (nautical mi les )  



Fig.1.  Survey r o u t e s  and f i s h i n g  s t a t i o n s  16 September-8 October 
1 9 7 3 .  1) Pelagic  t r awl  2 )  Bottom t rawl  
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Ffg.2.  Logcheet f o r  a c o u s t i c  data. 
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Fig.3. Echogram showing s c a t t e r i n g  l a y e r s  of c a p e l i n .  The 
i n t e g r a t i o n  i n t e r v a l s  of t h e  d i f f e r e n t  c h a n n e l s ,  50m i n  
dep th  and 1 n a u t i c a l  m i l e  i n  d i s t a n c e ,  a r e  i n d i c a t e d .  

F i4 .4 .  Areas and suba reas  i n  t h e  Baren ts  Sea ,  used by t h e  
B i r e c t o r a t e  of F i s h e r i e s  f o r  s t a t i s t i c a l  purposes .  



Fig.5. The distribution of integrated echo intensities 
capelin 12-29 September 1971. 

for 

Fig.6. The distribution of integrated echo intensities 
capelin 5-20 August 1972. 

for 



Fig.7. The distribution of integrated echo intensities for 
capelin 16 September-$ October 1973. 

Fig.8. The distribution of integrated echo intensities 
capelin 15 September-12 October 1974. 

for 



Fig.9. Density distribution (hectolitres/(nautical 
of O-grsup capelin. 

Fig.10. Density distrihution (hectolitres/(nautical milelL ) 
of % year old capelin. 



Fig. 11. Density distribution (hectolitres/ (nautical miles) ) 
of 2 years old capelin. 

Fig. 12. Density distribution (hectolitses/ (nautical mile) ) 
of 3 years old capelin. 


