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Analysis of Fish-Finder Records—IX

Swimming Speed of Skipjack Observed in the

Western Tropical Pacific

Hideaki NisHIDA, Hisaaki TAKAYAMA, Keishi SHIBATA

A series of echo-survey was made in the Western Tropical Pacific, 3°-7° N,

19

in November 1982 on board the R/V kakuyo-Maru (1044 G/T) of Nagasaki University.

By means of a shiphorne echo-sounder of 38 kHz, many interesting fish traces were record-

ed, when the vessel was crossing just above boiling fish shoals at a speed of 9 knots. At that

time, the fish was observed from deck to be skipjacks of about 80 m in total length.

Some acoustic and statistic considerations were taken on 23 clear echo traces from individual

skipjacks among the above mentioned, i.e., 6 inverse V shape traces from stationary fish and

17 oblique and dotted traces from fish diving to deeper.

The results were: i) on the stationary fish traces, a detectable angular range of the echo-

sounder was determined as 6.5° in maximum for a skipjack of 80 cm long at a depth of 0-230

m of water and ii) from 17 fish traces shown active diving, their swimming speeds were esti—

mated as 1.9 or 4.5 m/sec mean in 40-85 m layer of water.
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Fig. 1. A typical echogram just above dense shoals of skipjacks in shallow
layer at 3° 54’ N, 133° 12/ E on 20 November 1982.
Echo traces of inverse V shape in a circle of A are from individual
stationry skipjacks and the dotted traces of oblique lines are from
the fish actively diving. While, cloudy traces in the lower right
corner may be rings caused by a whale.



IR R RE RIS

cm DF Y FOENGRE Ts #EH L.

—Ts=Lp=20 logi//4/21 * % . ALP . Tl{'
(1.1)*

Tibb, 2=3.95cm, 2r=12.6cm, b=80cm, p=
0.09, K=1,17T, (1.1) Rk vitETs s,
F80cm D F Y A DEEIREEIX—23.3dB TH%.

2. FHEFEA

FTRTOBOREL, FOKEITEE AR
A OB LN BHEE LB bD =3 — 1
ADEETH 5.

Fig. e\, MATHIWIELWEVEDOR
Fir, Bkl cfo kel B bhs. Cofilc
ECEo 6 BoMGREESE» D, ThZhie oW Tk
LEVIS & RABENIS OB S L insri < F
L, FhFhhsloh’ & L7

Fig. 2 1cs\C, T2 FWHE L, fint BA %
FIcBErT 5 L 3uE, BE h=T0 i T—FE
DEMFRE Ts ##FF o/, BE hy 0P ek
o5& ED 0 Ml &35 R r=hdtand OLEH
HEMAALZEETS & E0LBEMEINS. ok, 012
FTOROKRES LI - TEE? BRXEAEEA TH
h, ZOBETIT40log R (Rmax=230m) » TVG
EE AN THBDTO13230m FTIROKEZD
AL L5 TED, ¥F—EORZI0BH LTik—
EOELEHTE 5.

—J7, FYRACHMTHERNT VE AT RARY
HITBE LTS EThiE, IRoETHRCESR
B CD B3 5 BB B F0 b 1/2 o & T
BefRETE 2. Lidi-T, BEELTVS &
¥, Co¥Er oRMHEM b2 s BoBEN,

i BB o AB Thh. Fibb, $NT
OEGREFCE T, hit PETELR, A ¥1:
X B 2T s L ST Dk, b
AELRIEFEHICE LT X, 2o hsI
h' 7% a=Cos* (h/h') & LT, HEIAIBHRIEEA
a BRDIz.

IBhE, ¢ RFEEHNROE EXEE Lotk L
TR D, ROMEFEET-72 Tihbb, &
DT, Y% r=0A=2h-tanay/3, BAELMEH

#5658 (1984) 21

h' h T

Fig. 2.

A fundamental geometric consideration
for an echo trace of individual stationary
fish.

A certain sized fish at a certain depth of
water, hy, can be detected only within a
sound beam of a directional angle, 6, and
the horizontal section of it is given as a
circular area of ACBD.

The point of r/2 from the center of circle
on the diameter normal to the moving
direction of the transducer, T, may be
represented as a provable passing point
for all of the fish across the circle, when
the circular range moves horizontally and
the fish of a certain size are distributed
randomly at a depth range of h,.

In this figure, hy=TO, h=TP, h’=TA’
=TB =TB”, he=y/h"2—1* r=h s tanf=
OA=0A"=0D, 1/2=0P, AB|CD,
AB]TO,CD{TO a=Cos!(h/h’),

A =Sin"1(r/2h), A" B’=,/3 + r=2hetan a
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Fig. 3. Change of recorded depth with relative
movement of a fish and a boat on an
oblique echo trace from an individual
skipjack actively diving.

This figure shows a sectional area through
the points of T, A’, P and B’ in Fig. 2.
Assuming the fish is detected only within
a provable angular range, @, a transdu-
cer, T, moves from A to B and a fish
moves from B, to By or to A,. AVH is
the relative speed of the fish and boat
on a horizontal plane and VN is the ver-
tical component of fish swimming speed.
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Table 1. Estimated ship’s speed and directional angular range for detecting a
skipjack of 80 cm long, from 6 echo traces of stationary individuals.

Data No. h h’ S a he [/} EL Vs
m m sec deg m deg dB Kts

1 78.3 78.7 3.8 5.5 78.2 6.4 29.9 7.7

2 79.8 80.4 4.1 7.2 79.6 8.3 42.4 9.4

3 80.8 81.2 3.8 5.8 80.7 6.7 36.4 9.2

4 88.3 88.7 4.1 4.8 88.2 5.5 19.7 6.9

5 89.4 89.7 3.4 4.8 89.3 5.5 19.4 8.4

6 101.4 101.9 3.8 5.5 101.3 6.4 29.8 10.0
Mean 86.3 86.8 3.8 5.6 86.2 6.5 29.6 8.6
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Table 2. Estimated swimming speeds of skipjacks from various oblique echo traces recorded
in the Western Tropical Pacific in November 1982 on board the Kakyuo-Maru.
The set of readings of 17 echo traces, h,’, h,’ and NB are the beginning and
finishing depths of an oblique fish trace and the number of pulses counted on the
trace. VF, VN and VrH are the estimated swimming speed and its vertical and
horizontal components as it descends at an oblique angle. A negative VFH indicates
that the fish swam in the opposite direction the boat was moving.
h,’ hy’ Ns VF VN VFH
m m m/sec m/sec m,’sec
Data No.
eq. eq. eq. eq.
(4.2) (4.3) 4.2) 4.3)
1 68.0 73.0 - 7 1.5 4.5 1.5 0.3 4.3
2 68.5 74.0 6 1.9 4.6 1.9 —0.4 4.2
3 57.5 63.7 7 2.0 4.6 1.8 0.9 4.2
4 63.5 69.5 7 1.9 4.6 1.8 0.6 4.2
5 72.5 75.0 4 3.3 4.5 1.3 —3.1 4.3
6 73.5 83.3 12 2.4 4.6 1.7 1.8 4.3
7 68.0 74.5 12 2.3 4.5 1.1 2.0 4.3
8 79.5 84.8 8 1.4 4.5 1.4 0.2 4.3
9 53.2 57.0 6 1.5 4.5 1.3 0.7 4.3
10 80.0 85.0 8 1.3 4.5 1.3 0.2 4.3
11 40.8 43.0 3 2.0 4.5 1.5 —-1.3 4.3
12 45.0 47.0 5 1.1 4.4 0.8 0.7 4.3
13 51.5 54.0 4 1.6 4.5 1.3 —0.9 4.3
14 47.2 55.8 12 3.1 4.5 1.5 2.7 4.3
15 59.0 62.0 4 2.3 4.5 1.6 —1.7 4.3
16 39.8 41.5 4 0.9 4.4 0.9 0.3 4.3
17 40.7 42.5 3 1.7 4.5 1.2 —1.2 4.3
Mean 59.3 63.9 6.6 1.9 4.5 1.4 0.1 4.3
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