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INTRODUCTION

The ref1ection of ultra sound by a fish has been shown to depend

greatly on thc orien~ation of the fish in the sound beam (~lidttun

and Hoff 1962, Shibnta 1970). The detection of a fish within the
beam of an echo s0undc~ will conscqucnt1y not on1y be a questio~ of
wherc in th-:l b-:l,7Jr: ·thG fish is situated, but depcnds also on its

actual s~li~~ing pca~tion. An illustration of this 1s shown in;
Fig •. 1 by a polar plot of back-scattering pattern in the pitch plane
of a 69.5 cm cod (i.llustration from other reccnt investigations) •
Maximum reflection of thc sound is shown to occur when the head-tail

axis through thc fish has ari inclination 11-130 hcad down. A ~ma1l

change in thc inclination (i.c. 10-150
) will resu1t in a reflection

10ss of the order of 10-12 dB.

Electraic ~grationof fish echoes obtained when survcying areas in
Lofoten, have becn applied in a method of estimating thc present
stock in' thc arca (~lidttun and Nakkcn 1970). It is assumcd in this
method that inclination of the fish relative to the horizontal
plane is approximately uniforrnely distributed. A wide spread in

inclination will result in underestimation of numbcrs of fish in
thc areas. A similar result will be obtained if the rnethod is
applied to relatively dense fish conccntrations (shading cffects).
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In order to obtain some more precise information about behaviour

of cod in the spawning area, observations have been made by under­

water photography on a survey by our research vessel "Peder

R\2Innestad".

METHODS

A self-contained underwater camera with an electronic falsh unit

and with remote exposure control was lowered on a wire into the

fish consentrations. In rough weather the camera was suspended by

attaching the wire to three partly submerged plastic floats in

order to suppress unwanted motions of the camera.

Observed ~:0 changes in fish'consentrations'because of the descend­

ing camera were made on the echo sounder. Very often the fish

seemed to avoid the approachingcamera (even in the dark), but a.
few minutes after the camera had reached its operating position a

complete adaptation seemed to occur and photographing could commence •
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Fig. 1. Back-scattering directivity pattern of 69.5 cm

cod. Rotated in the pitch plane (38 kHz).
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In order to obtain information about fish pa~sing tho camcra's
• .. \ _' i' • i •

f1cld of view'at a reasonablc distance, a separate echo sounder and

transducer was mounted close to the camera lense, looking approxi.

m~tely in the same direction. Any echoes of fish could then be .
observed. on an oscilloscope onboard the ·ship. Due to the limited

; '.

photographic range, a swecp time on the oscilloscope giving 15 m
observation range was generally used, and most cf the photographs

were ta~en when the fish werc 2-10.m away from the camera. Although
the observation distances were easiiy read from the oscilloscope; a

permanent photographlc record of the display was made, syncronized
with the exposure control of the underwater camera.

.. In general, however, the observation system had some tendency to over­

estimate thc number of fish bcing in the camera's field of view.
This was caused by thc poor directivity of thc available transducer,
receiving echoes form fish at wider anglcs than the camcra (~45"x25°·

compared to 30~2so). Fig. 2 shows a block diagram of the under-
water camera and the instrumentation.

In order to rcduce any possible disturbances caused by tho flashing. . .. . ~ .
light,the. time. int~rval bet''1een .each .exposure was a .minimum 'of one
minute.

•
The photographs obtained have been classified asdayan~ night:

photographs, according to the usual diurnol,variation.in.behaviour

of.the fish.· For measurements of the inclination of the fish.. .

re~ative to thc horizontal plane, those photographs showing fish :
with their long axis.in a plane (± 10-150

) normal to the photo­

graphic.ax~~ have be~~ used. The horizontal inclination is.dcfined
as the: angle.between. thc '·horizontal p~ane anda ~ine c1rawn through
the front of the upper jaw and the root of the tail.

Ph6~ographs of fish having, an apparent,gr8ater,inclination t~an.
o . . . .

IO~15 to the plane normal to photographic axis, havebecn.used,only

if the fish is also.swimm~ng atapproximately ,the.same depth as the

camera. On these'occasions a.correction formulaon thc measured. ,

inclinations have becn applicd: .. '
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v = true horizontal inclination

V'= observed horizontal inclination

L = true lenght of thc fish
L;= mcasurcd lcngth of thc fish

B = heiht of the fish hcad, measured half way bctween eye and

pectoral fin
~ = cstimated mcan of L/B from measuremcnts of fish with their

axis in the plane normal to the photographie axis.

The correction formula has bücn applied to photographs of 30 of thc
,

230 fish measured (15%). The formula is estimated to give an in~rease
. 0

in confidenc~ intcrval compared to a direct measurement fro~ ± 0.5
oto ± 1.5 •

RESULTS

Fig. 3a and Fig •. 3b show histograms of the distribution of fish inclina­

tions relative to the horizontal plane, obtaincd by plotting numbers of
observations against angleof inclination in 50 intervals.

The fish photographedin daytime(Fig~ 3a) have a calculated mean in­

clination ,of.3.8~ hoad down •.The fish photographed at nighttimc' have

a mean inclinationof 5.50 , also head down. Tests for normality, of the

distr~bution~:have'bcenworkedout (~2-tests), and show significance

at 50% and 25% levels for the day and night photographs respectively •

A comparativo test of the two observed.means of the distributions (t­

tests) shows no significant difference. Thus, a maan horizontal in­

clination of allthc 230 fish measurcd can bc calculatcd. This mean
oinclination is 4.5head down. " .

Observations of fish densities from the photographs show great
Approximatcly 3/4 of the photographs show at least two fish or

and occasionally 10-15 fish can be counted.

variations.
more,

;

Thc sampling volume covercd by thc camera's field of view at its opti~
3 :

mum range of about 10 ro, is calculated to approxiroately 50 ro (from
camera lens specifications and obscrved average fish length). This

corresponds to a~fish density of the order of 1 per 4 m3 of water, or
1 p(r2 ro2 of surface area.
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The photographs show that thc predominant behaviour is for

all fish to orientate in the same direction. This pattern is main­

tained even in the hours of darkness.

DISCUSSION

Thc reliability of the data obtained will depend greatly upon the

presumption of an undisturbed environment and on the assumption that
the longitudinal axis of the camera housing remains vertical.

The photograph~ themselvcs show that thc fish apparently ignore the

presence of thc camcra, as therc is no apparent tendency to swim

tt towards or away from the camcra.

The heavy weight of the camera housing (~ 50 kg) together with t~e

suspension arrangements give a very stable vertical position undbr

normal conditions of wind, tide and current.

•

I
The effcct of thc spread in horizontal inclinations on the distribution
of target strength of fish whcn echo-surveying the area, may be cstimated

or analysed by comparing the directivity pattern in Fig. 1 with 'thc

distributions shown on Fig. 3. Bearing in mind that Fig. 1 'shows a
directivity pattern obtaincd from only onc fish, some valuable ~ompar-

isons may be made. '

Thc particular aspect when maximum rcflection of sound is obtained

differ to some extent from the average hori?ontal inclination (~ppr. 70
).

It is belicvcd that this is due to the inclination of the long axis of

the swimbladder in cod, compared to the long axis of the fish (Midttun
and Hoff 1962). The result of the deviation gives a probability esti­
mate of 60% of thc fish to give a target strength of at least 6idB

below their maximum target strength and 25% to give a loss of 20% or
I

more.

The total variation in target strength when taking into account the

sound beam directivity pattern and the variation in thc size of the fish
will exceed the dynamic range of an echo sounder. The ultimate cffeet
of this will be a loss in number·oftargets observcd.
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SUMMARY

1. Cod in Lofoten ~ebeen photographed and their inc1ination relative

to the horizontal plane has been measured.

2. The horizontal inclination is shown to

with a mcan inclination of 4.5~ head down.

exist between day and night.

be normally distributed
No significant differences

•

3. The spread in horizontal distribution is shown to give a consider­

able increase in the variation in target strength. This may result in

underestimation of targets in echosurveys.

4. The relative dense fish consentrations observed will result in

shading effects.

5. The photographed fish were all orientated in the same direction,

and this behaviour pattern was maintained both during day and night.
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Fig. 2. Block diagram of instrumentation set up.



..
8

18

14

1
10 1

1
1
I

J: 0 1
Vl 001
u.. :I

6 ';;i
u..

~0
;...Jt

~
~I

W >I
CD zl
~ 2 ~I
::> wl
z ~I

1
I

40° 20° 0° 20° 40°
HEAD DOWN ~ ~ HEAD UP

Fig. 3a. Distribution of fish inclinations measured relative

to the horizontal plane, day-photographs.
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Fig. 3b. Distribution of fish inclinations measured relative to

the horizontal plane,· night-photogTaphs.


