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INTRODUCTION

Since 1935 the Lofoten area h~s regu1ar1y been echo surveyed during
the spawning se~son of thc Arctic cod (Sund 1935). Tbe rcsults after
these surveys have, so für, been given as estim~tes of relative ~bun

dünce of cod (Monst:l.d et·..äl.1969). No ::lbsolute va1ues hüve been
pub1ished sincc thc estim~tes evidently would have been too low. Thc
reason for this was prcsumcd to be that an erroneous s~mp1ing volumc
of thc echo soundcr was used in thc c::l1cu1ations and that the survey
grid was insufficient1y dense.

In M~rch 1971 the Lofoten survey was carried out with the more cffi
cicnt equipment onboard the new research vessel tlG.O.S~rstl. Tbe aim of
the investigation was first1y to estimate thc number of cod within
thc main spawning ~rca (Fig. 1) and secondly to find out the density of
survcy grid to be applied in thc area. In this paper some pre1iminary
resu1ts of thc 1971 survey is presented.

MATERIAL AHD METHODS

Tbe area W:l.S surveyed 6 times during thc cruise (Tab1c I), ~nd as
dcmonstrated in Fig. 1 the survey tracks were 1aid very c10se, only
1 nautic~l mile ::lpart. Thc positions were determined very ::lccuratcly
by bearings (radar or visu:l.l1y)and further supported by excellcnt
decca coverage.

The m::lterial was co1lected with 3 echo integr::ltors which integr::lted
thc squared voltages from a 38 kHz echo sounder. A 120 kHz echo
soundcr was also used to obtain better resolution. l~ith the settings
used the main ch;:lractcristics of the two sounders were:

Source level
Voltage response
Pulse length
Be~mwidth

'lVG

38 kHz

136
+ 7.8
0.6
5~00 :md 5.50

20 log R+2 x R

120 kHz

124
.- 0.6
0.3
4.50 circul~r

40 log R+2 x R

dbl/l }l Bar ref 1 r.,
db//1 volt per u D::.-::
milliseconds
between 3 db points

Tbe g::lin settings were choosen so that the minimum recordable signal
cO..cresponded to a target strength of -52 db.
Tbe echo sounders and integrators were connected on-line to a com
puter onboard the ship. This permitted aCCU;:lratc and re1iab1e reading
of the integrators, and sampling of echo sounder data providcd possi
bility for determining thc sampling volume or area of the echo sounderG
(Midttun and Nakken 1971). The 3 echo integrators sampled voltages
from 6 dcpth slices. Thc 6 channe1s were rcad by the computer which
gave an outprint each no.utico.l mile o.s s110wn in tablc 2. As thc vo1
to.ge is squared before integration the v~lues in to.ble 2 are propor
tional to echo intensity, ~nd a TVG of 20 log R+2 x R m::lke the output
of thc integrator proportion~~ to number of fish per unit area (Midttun
and Nakkcn 1971, Bodho1t 1969).

_.,...-----

iud
Thünen



-2-

Tbc integr~tors h~voa bottom stop system. However,'when passing
~ steep1y sloping bottom, the bottom echo is weak and will be integratod~

As the bottom.topography in the area is irrcgu1ar, this occured rcitherJ
often. This erroe was correctcd during thc dai1y scrutiny of the
echo records and the corresp6nding intcgrarns. During this scrutiny
it w~s also decided wb~t kind of fish that contributed to tbc into
grated echo iritensity, and contributions from false echoes (inter
fercnces, noice) were aeleted.

Tbc va1ues of integrated echo intensity, M, were converted to number ,
of fish per unit area, ~, using the forrnu1a (Midttun and Nakken 1971):

<:? = C .• l-i (I)

= ----Hriting

where N is
fishes are
U. M ::md A

C = ~
M M·A ( 11 )

number of fish and A is the surfacc area within which the'
distributcd. C can be calculated when associated values of
are obscrved.

N was fourid by counting fish traces on the recording paper when only
single fishes were recordcd. The corresponding sarnpling area, A, was
calcu1ated from the forrnula:

( 111 )

depth siice and q:> is the
Frequency distribut~afls of the
obtained (Midttun and Nakken 1971)

• R ·tg,-0i max
A = __1__

1852

where R is the me:m depth of thc
athw:i.rdships width of the be:un.
detection sector ang1e,~, were
and A) found by the forrnula:

Im::lx

erm:lX = ~ • ep ( IV )

The further management of the acoustic data was to plot the sums
in tab1e 2 into charts (Fig. 1 ). Two methods have been app1ied
for obtaining the total number of fish within the area. Firstly iso
lines were drawn through points of equa1 integrator deflection and these
va1ues multip1ied by the appropriate areas. Secondly the area covered
W:lS divided into subareas.of 4 square n:lutica1 miles. All observations
within cach subarea were averaged and thc averages were accumu1ated to
give the, total;. An attempt to deterinine thc neccessary closeness of .;'~

course lines was made by using observations fromevery second and
every third track as basis for the cstimates of the totals •

•

• RESULTS

Fig. 1 shows relative density distributions of cod within the area .
during survey no. 11 and no.V. A comparison of the two surveys
il1ustrcites c1ear1y that the most dense consentrations are found at ""
different loca1ities. However, Fig. 1 i1lustrates ehe two surveys
with ehe most different pictures with regard to locations of maximum
fish consentrations. Tbe va1ues of total echo abundance according
to survey are given in Table 1 and Fig. 2 for the 3 different survey
grids and the two methods of ca1culation. "

A frequency distribution of, ep , observed witb the 120 kHz echO
sounder is given in t::lb1e 3, ::lnd the value of cf m;:lX was 5,30 when
equation IV was cipplied. Equation III gives then a sampling area,
A,_per nau~ical mile stearned in the depth slice 55-100 m of A=
0,73 • 10- square nautica1 mile.

The results of aseries of paper counts of individual fish on the
120 kHz echosounder and corresponding values of integrator deflec
tions in the depthslice 55-100 mare given in Tab1e 4. Tbe mean
value, N = 0.24 fish/unit dcf1ection, applied in equation I1 gives

:." 11
N 0 24 102 .

C = -11.A =' • ~ 33 fish/unit deflection • (nautical mile) 2
0,73
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The total number of fish within tbc area is now found from

Table 1 when mu1tip1ying the figures of total echo abun

dünce by 33, giving 6.8.106 fish ünd 13.5 • 106 fisb as

tbe 10wer and uppcr limits respcctively. These numers

are based on thc llis01inc" mcthod and 1 nutica1 mi1e
between the survcy tracks.

DISCUSSION

Calcu1ation of thc samp1ing area, A, from equation (III)

requircs fu11 ovcrlap by tbe beam from ping to ping. Witb

the actual speed, beamangle and pulse rate used, bowever,

thc error introuuccd is insignificant.

Even tbc bighest of tbe present estimates is evidcntly

on1y a fraction of the total spawning stock (Anon 1970,
Hylen and Dragesund 1970). In spitc of this tbc results

are likely to be rcasonable. It must be considered that
even tbou~tbe main spawning grounds were surveyed, this is

only 0. part of tbe total area where spawning occurrcd.

It is weIl known that considcrable coneentrations of eod

migrated to the north-eastern part of Lofoten. This area

was not surveyed beeause many skerries and shallows make

the waters too diffieu1t to survey with the relative1y

big reseaeh vesscl. It is also of importanee that 0. spawning

cod do not stay in thc area during the whole spawning season.
Coneequently it is very.unlikely that the whole spawning stock
was present in Lofoten at the time of the surveys.

As already mentioned integration of bottom echo oeeurred

rather often. Although the utmost eare was taken to correct

for this it influeneed the rcsults. Howcver, exactly the

same survey tracks were f0110wed on each survey.and the
eorrcetions were undcrtaken in the same way cvery time. This

error should therefore effeet thc results of all tbe survcys

in thc same manncr. Thc variation fram survey to survcy is,

tberefore causcd by other factors, such as fish movements

to and from tbe area. As seen in fig. 1 there was eon
siderable fish movemcnt also within the area between surveys,
a matter wbich was supported by tbc fishermens opinion.

A comparison of thc two mctbods ( l Iso1ine" and"Square")

for obtaining tbe total number of fish does not indicatc

any clcar difference. As a mean for thc 6 survcys thc

numbers c1erivcd by the "square ll metboc1 are 3% below tbe
lIisolinc" metbod.
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A first glance .. at- Pig. 2 gives the impression that there is

no considerable difference between the .resu1ts of the three

grid densities. From Table 1, however, it cnn be seen that

deviations reaching 3~~ nre observed when a grid with 2

nautical miles between the survey tracks is applied. Tbe

results obtained by the isoline method and the most dense

grid is then taken as 10~~. Tbe same comparison when only

every third track is used, gives devintions up to 54 %.
A consequence of this mustbe that a very dence survey grid

is needed if a reliable number shall be achieved.

SUMMARY

This paper presents some preliroinary rcsults of acoustic

surveys in Lofoten during the spawning season of the Arctic

cod in 1971. Tbe aim of the surveys was to estimat the

number of cod within the main spawning area •

The area was surveyed 6 times and a very dence survey grid

were applied, the survey tracks being only Inautical mile

apnrt.

The surveys resulted in numbers varying between 6.8 and

13.5 mi11ions of cod within the survey area. Tbe reason for tbe

grent fluctuation of thc numbers is 1ikely to be fish mov€!

ments in and out of the area. Bottom cchoes influenced on

the results to same degree, but this was not different from

survey to survey.

~ Estimates were also worked out applying only every second

and every third survey track. Tbis resulted in greater

fluctuntions and accordingly indicated that a dense survey

grid is ncssecary.
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Tabl~ 1. Total echo abundance x 10-3 in the investigated area

during the 6 surveys. Values are worked out by two different

methods and with three grid densities.

!lIST. I S U R V E Y N U H DER A N D D A T E
BETWEEN
COURSE
LINES I I II

!II IV V VI

20 HAUCH 21 ~IARCI! 22 MARCI! 21, HAllCn 25 HAIlCII JO 101,\ RCII

NAUT. ABUN- lllUN- ~BUN- ABUN- ABUN- AIlt:N -I
t-lILES NETIIOD tl>ANCE .% DANn: 1. lANCE 'f, DANCf; <j, DANCF. ~h DANCF. '"

1 ISOLINEI 205 100 320 100 409 100 212 100 J3) 100 366 100

SQUARE 185 90 250 78 )48 85 2J8 112 )89 117 37° 10\

2 ISOLINE 200 98 278 87 296 72 189 89 404 \21 354 ')7

SQUARE 190 93 258 81 254 62 180 85 JJ6 101 J2}, 89

I
I 264 )24 499

1
136J lSOLINE I 171 8J 244 76 65 212 100 Y7

SQUARE I 209 102 226 7\ 189 46 196 92 J88 117
I

4\0 1"2

Table 2. Print out of echo abundance in 6 echo integrator channels,

total for all channels (right) and log readings (left). Depth

interval for each channel is indicated.

e
4 6CHANNEL 1 2 3 5

DEPTH INTERVALS t NETRES.

10- 55- 100- 145- 190- 235-
LOG 55 100 145 190 235 280 TOTAL

R63 15 511 98 156 2170 3"!~1 59'" iJ
86"J 15 98 137 73 L!9'~2 3759 9023
~65 15 132 1 12 68 59 29 1I15
g66 15 21111 225 lJO 6 570LJ 6281 1287~

867 15 15? 1Li03 2LJ 51! 3866 2508 10397
8M~ 15 39 Lj9 3Li 1 031 3950 5118
869 . 15 29 29 39 Lj 4 1 051 1207
870 15 34 1 ~ 68 15 20 166
Wll 20 15 20 51, 1 0 59 1 76



Tab1e 3. Frequency distribution of the detection sector angle,

observed with the 120 kHz echosounder.

Degrees 1 2 3 4 5 6 7 8 9 10 11

Number 16 53 31 17 17 20 25 9 3 4 1

Ratios between numbers of fish on the paper record,N,

kHz echosounder and units of def1ection, M, of the

for 7 different nautica1 mi1es in the depth sliesintegrator

55-100 m•

0,30 Mean 0,240,310,230,220,19

=

: 0,23 0,20

-

N

M

e.p
Tab1e 4.

of the 120

•
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l;'igure 1. Distrlbution of i
A) Sur Iv ntegrated

vey II n) Survey V

echo' .J.ntensity, H • 16- 1 ,
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Figure 2. Total echo abundanco ~or the di~ferent surveysin

thousands of units.

A) The "Square" method B) The "Isoline" method


