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Analysis of Fish-Finder Records - VII

Swimming speed of fish

Keishi SHIBATA

Abstract

An echogram from an ultrasonic fish-finder appears to be an acoustic section of
the sea, showing the distribution of fish in great detail from the surface to the deep ©.
Therefore, the analysis of information obtained by a fish-finder for the purpose of
studying the ecology of fish, i. e. size, abundance, swimming depth and speed of
fish, is very important matter for fishermen. This paper deals with the method
of estimation of swimming speed of fish from echo trace of vertical fish-finder.

Equations for estimating the swimming speed of fish are as follows.

1) General solution

_—h:.cosa —Vs.t.sina +1/h2. cos-a +(Vs. t)2sin? a —2h. Vs, t. sina. cosa —h2+hi_(Vs.t)2

VF = S

Vs

2) When swimming direction is only horizontal, a« =#/2, VF :m_

3) When swimming direction is only vertical, « = ¢, VF =Q’;(Ysﬁﬂl

where, VF and Vs are the speed of fish and fishing boat per unit time respectively,
a is the subtended angle of swimming direction to perpendicular, hy and h,
respectively are the depths at the beginning of recorded echo trace of individual fish
and the shallowest depth recorded on it. and t is the time requiered between hy and h.

The author analyzed the data of acoustic observations made in the Northwestern
Pacific Ocean from 1961 to 1966 through use of a fish-finder installed on Nagasaki-
Maru of Nagasaki University and estimated the speed of tuna crossing the sound
beam of the 14 kc fish-finder. The speed of tuna like fish ranged from 0.05 knot
to 15 knots but mostly from 0.05 to 4 knots.
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Fig. 1 Change of echo trace .of individual fish-
by crossing points in the sonnd beam;
TF : h, true depth of fish ; TF': h”
shallowest depth on the echo trace of
fish crossed sound beam off main axis:TA
: b’, depth of fish trace at the beginn
ing of recording, when the transducer
surface is squair or disk, TA=TA’ B to
A : steaming direction of ship; / FTA
=¢', /FTA'=¢"/FTA=9,

TF h . .
TA= T = ¢tosd .. echo margin

of fish passed on sound axis:Mr =
40 log 10 R( 4 ) by the same method, echo
margin of fish which passed off sound
axiesis My ' =40 log R (¢), but
approximately from the information
on echo trace echo margin of such a
ca seis shown as MF'=40 log R(9’)= 40

log R(4, ).
,_ -1 B n’ TF
where ¢’ = Co§ B, h = TA
, hseceo
cos @’ = T‘:COS g sec @

. 2ma .
sin ——sin [/}
2ra

" sin 4
in sea water, 2a : dimention of square transucer, « : subtended angle

between main axies and direction of fish

"R(9)= , A : wave length
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Fig. 2 Change of recorded depth with movement of fish and fishing boat on the
echo trace of individual fish ;
T; to T, : steaming direction of ship (horizontal)
F; to F,: swimming direction of fish (not necessanly horizontal)
Ve t=F; FZ’ Vs. t= T1 T2
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VF cos g= (hlﬁhi) cos OO (6)
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Table Swimming speed of tuna recorded on 13 and 23 August 1965

Condition of Vi Vi sin « Vi. cos o Number of
echo trace m /sec = Max = Max echo trace
stable 0.44 0.38 | 0.35+ | 0.07 | 0.39+ | 24
‘ 1.01—- 0.33—
not stable - 1.77 0.90 2.70+ 1.72 2.2 + 9
. 2.11—- T+
other 37
average 1.14 v 0.56 0.55
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Number of Fish

! 2 3
Swiming Speed (m/sec)
Fig. 3 Swimming speed of fish estimated from echo trace (-30 db < Ts <C -15 db)
recorded by 14 kc sounder installed on Nagasaki Maru in the Northwestern
Pacific ; .
solid line : selected echo tracc of fish without vertical movement from
July 15 to September 10, 1965
dotted line : August 13 and 23, 1965, these echogranis were sampled
randomly from all the echograms stated above inclusing
those with vertical movement
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