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Estimation of Underwater Shape of Tuna Longline by Using Micro-BTs
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ABSTRACT

An estimation method of three dimensional underwater shape of tuna longline is developed by
using a set of depth records obtained by micro-BTs (Bathy Thermographs) attached to the main
line at an equally spaced interval. The shape of main line is approximated by a chain of unit
length lines (folding rule model), and the joint points are placed on the observed depths. Among
infinite number of possible shapes, the most likely shape is regarded as the smoothest one which
is obtained by numerical optimization algorithm. In order to validate the method, a series of
experimental longline operations were conducted repeatedly by using 13-14 micro-BTs for a
basket of main line with concurrent oceanographic observations (ADCP and XBT) in the eastern
equatorial Pacific Ocean. The shape of the main line can be calculated at arbitrary time during
operation. Obtained shapes are consistent with the current structure detected .by ADCP. On
the equator, the line is blown up strongly by the Equatorial Undercurrent. It is shown that the
shape of longline primarily depends upon vertical shear and direction of the current relative to the
gear. Time sequence of calculated shape reveals that the periodical oscillation (1-2hours) ap-
peared in a set of depth records for an experiment is caused by the swinging movement of a basket
of main line. For formulating the longline shapes, shortening rate of the main line is an important

parameter and its precise measurement is desirable.
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Fig 1. A simulator of longline shape by Hamuro and Ishii (1958).

One basket of longline is reproduced by the 1/1000 scale model.
And obtained depths are reproduced by adjusting the height of the metal

Depth recorders are attached to a

few positions on a main line.
rod. The silk thread of the model stands for the main line, and underwater shape of longline can be

estimated by placing the metal rods so as to make the shape of thread ’natural”.
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Fig 2. Upper panel; A folding rule model to simulate line shapes.
For s1mp1101ty, the model having four line segments (unit
vector Vl through V4) is displayed. Position vectors

~ P4 denotes the location of joints. Distance from

P(, to P4 , which is equivalent to shortening rate, is de-
termined by observation.

Lower panel; Detailed explanation of \?1.

The vector is the expressed by latitude(¢) and longi-
tude(f). Note that the latitude is given by the observed
depth dz.  Only longitude(f) is needed to be found. A
set of #s which makes total line smoothest can be cal-

culated by numerical method.
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Fig 4. Normalized error of fitted folding rule model in terms of number of segments (2,4,6) in the case of
different shortening rate (0.6-0.9, denoted hysr).
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Table 1. Outline of experiments

Experiment 1
Date/Time(Local Time)
Location(Start/End)
Longline spec.
Experimental basket
Sea surface Wind
Wave Height

Experiment 2
Date/Time(Local Time)
Location(Start/End)
Longline Spec.
Experimental basket
Sea surface Wind
Wave Height

Experiment 3
Date/Time(Local Time)
Location(Start/End)
Longline Spec.
Experimental basket
Sea surface Wind
Wave Height

1996/07/01 04:40-19:25
0°30.5'N,100°10.0°'W-0°42.0"N,100°05.1' W
54 baskets,13 branch lines/basket

#4

Calm

Om

1996/07/03 04:33 -~ 1996/07/03 18:23
5°21.2’5,102°06.7"W-5°23.2’5,102°02.9W
54 baskets,13 branch lines/basket

#4

ESE/3

1m

1996/07/04 04:32 -~ 1996/07/04 19:27
6°29.9°S,103°22.3'W-6°30.3’S,103°27.5'W
54 baskets, 13 branch lines/basket

#4

E/5

2m

Table 2. Specification of a basket of longline

**buoyancy

Dimension density/weight material

Main line 53m*x0.42cmg 14 SuperMansen
Float line 25mx0.42cmg 14 SuperMansen
Branch line 20mx0.45cm¢ 1.6 Tetron
Lashing 10mx0.20cme¢ 6.8 iron

Wire 2mx0.10cme(#30) 6.8 iron

Float 30cmeg 30kg** plastic

Hook = 20g iron

Snap = 40g iron

*a basket
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Fig 5. Configuration of one basket of a longline.
Solid circles denote the positions where micro-BTs are attached.
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Fig 6. Experimental area and the drift of the longline.
Panel a; Location of Experiment 1-3.
Panel b; Drift of the longline for Experiment 1.
Launched and retrieved positions for every ten floats are shown (open circles). The arrow

shows drifting direction schematically, and the cross mark (x) denotes the position of XBT
observation.

Panel c¢; Same as panel b but for Experiment 2.
Panel d; Same as panel ¢ but for Experiment 3.
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Fig 7. Estimation of concurrent distance of float A and

B.

Float A is launched at time f, and retrieved at
t+t’. Ihe averaged drifting speed (f/) is (15
t+t)-P )/t Wheg float B is launched at
time t+ At at position @ (7+ A?), the position of
ﬂoat A (P; (t+ A1) is estimated to be at P +
VAt. Concurrent distance of float A and B
at time 7+ A¢ can be estimated.

Table 3. Shortening rates

Expriement# Launching Retrieving *
1 0.79 0.82 (0.85)
0.86 0.82 (0.83)
3 1.01 0.86 (0.95)

*Values in parenthesis are estimated by the ratio of averaged releasing speed of main line and ship speed

relative to water.
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Fig 8. Vertical profiles for Experiment 1.
Left/middle panels; Averaged vertical profiles of zonal/meridional components of current measured

by ADCP during the setting of the longline for Experiment 1. Depth of each bin has 8m thickness and
starts from 16m, and the arrows are placed in the middle of bins.
Right panel; A vertical temperature profile obtained by XBT whose position is shown in figure 6.
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Fig 9. Time/depth records of micro-BTs attached to the
joint part of main line and branch line for Experi-
ment 1. The sampling interval is 10 seconds.
Records for branch line number 1-9 (9-13) are
shown in an upper (lower) panel. Two vertical
lines shows the times displayed in the next figure.

NNy,

DEPTH(M)

TIES

EXPERIMENT 1
o 08 : 00

Fig 10. Calculated three dimensional main line

shapes for Experiment 1 at 08:00 (up-
per panel) and 10:45 (lower panel).

In each panel, depths shallower than
the end of float line (i.e. 20m) are not
displayed. Vertical scale are two
times as large as horizontal ones.
Solid circles denote the positions
where micro-BTs are attached, and
the numbers adscribed to solid circle
indicate the branch line number.
Deployed direction of main line is
shown. Longline drift and up-
per/lower layer currents are shown
schematically (upper panel), and up-
per/lower layer currents relative to
longline are also shown (lower panel).



NIB T 2 FIH Lo & < AREREO KR LB OHEE 13

FEAD B 15554810 #% KEKIRET O 7 — 2 %l - T BTl 75 RIS - TR 550 5 48
D AHEE L. ERRKEEEI BT T wL L, 300K - BHEBOYSME 2B L. X
TOICIRIEEBICHE Lo 8 I (ERY), WM TRE L Q410455 I 51 /700 (FB) OarrRd.
EEORFIZIZAD C P THlE SN/ L TROBAOFLE (30m, 90m), 5 KUEMOER )
BAMICRSN TV A, Fio, EBOMN D HAROFEREE 45 3R ICH i A B oh 5
nh, ThE TERORFPIZRY FILTRLT.

BEII ISR LB T CHEL, HER (9F 75 Y) THISmICELA. CORBROBZ DI
FHNAR - T AH07050,m % (K10 F) . EARIEFEREE2 OILIRPEICRRE S Wi/, Thick LTl
T HAREE 0m IR LH) BRIDICHNTE Y, CORNOFEBMED #EATHS LA
bh b,

— 2, 10K O DI, K&k “Srhn” PELTHL I Ehbns (KI0T), BREkhRis (7
FT5V) OFFEEEIIONMNITH S, & IIKBREEE L L OERBG L AREER L OfhOER
OTFHZH D, FEBWICSHIN TS, fE- T, IEAASFOEBICE U SN, 60~70mEICDH
LRI (5~9% 75 V) WHAETHY, O CERBMNTOMMIEETH b, FHT
FH AW KL NOFENTR LD, “Shrh” BEICHRFEOHERBEZDO LR > THHDT
HHD, Tz, MO TEEDRD D PIVOE, EBEETBONINMIUTHDE->THEDOTHASD,

FER 2
AR 2A1C0.4 7 » FMEEOWME CHEARICHESIN TS (K6 ), @ FEG 55 < (B 3)
Ef L MAETH Y, ERICHTAEZEINIVWLESITHS, ADCPICLAHNOMES M (M11)

EXPERIMENT 2 Temperature(°C)
50cm/s 50cm/s 10 15 20 25 30
0 - 0 0 SIS
20 , L 20 - — o 20 I
40 e r 40 = r 40
< A H
60 -, L 60 4 — - 60 [
80 - pa:) r 80 — F 80
"= 100 - — c 100 A — F 100 F
= 120 4 = 1204 = L 120
£ — L 4a5] — Lo |
o 140 = — [
D 160 o = F 160 = 160 |
£ £ T [
180 A - - 180 — F 180
200 - = F 200 — 200
5 — H
220 - i F 220 — Foo220 ¢
240 5 F 240 = 240
260 % L 260 1 = r 260
.’ ‘
W— 0 ——-F = 0 —N
Velocity(cm/s) Velocity(cm/s)
East-west component North-south component

Fig 11. Vertical profiles for Experiment 2.

Left/middle panels; Averaged vertical profiles of zonal/meridional components of current measured
by ADCP during the setting of longline for Experiment 2. Depth of each bin is 8m starting from
16m, and the arrows are placed in the middle of bins.

Right panel; Vertical temperature profile obtained by XBT. The position is shown in figure 6.
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Fig 12. Zonal component of the current along 120° W obtained by ADCP (Watanabe and Mizuno 1993).
Contour interval is 10cm/s and shading areas indicate westward velocity. Eastward currents are
labeled SSCC (Southern Subsurface CounterCurrent), EUC (Equatorial UnderCurrent) and NSCC
(Northern Subsurface CounterCurrent) are labeled.
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Fig 13. Time/depth records of micro—-BTs attached to the
joint part of main line and branch line in Experi-
ment 2.
The sampling interval is 10 seconds. Records
for branch line number 1-7 (7-13) are shown in an
upper (lower) panel. Two vertical lines shows
the times displayed in the next figure.
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EXPERIMENT 2

Fig 14. Calculated three dimensional main line

shapes for Experiment 2 at 09:15 (up-
per panel) and 11:30 (lower panel).

In each panel, depths shallower than
the end of float line (i.e.20m) are not
displayed. Vertical scale are two
times as large as horizontal ones.
Solid circles denote the positions
where micro-BTs are attached, and
the numbers adscribed to solid circle
indicate the branch line number.
Deployed direction of main line is
shown. Longline drift and up-
per/lower layer currents are shown
schematically (upper panel), and up-
per/lower layer currents relative to
longline are also shown (lower panel).
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Fig 15. Vertical profiles for Experiment 3.

Left/middle panels; Averaged vertical profiles of zonal/ meridional components of current measured
by ADCP during the setting of the longline for Experiment 3. Depth of each bin is 8m starting from
16m, and the arrows are placed in the middle of bins.

Right panel; A vertical temperature profile obtained by XBT. The position is shown in figure 6.
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Fig 16. Time/depth records of micro-BTs attached to the

joint part of main line and branch line in Experi-
ment 3.

The sampling interval is 10 seconds. Records
for branch line number 1-7 (7-13) are shown in an
upper (lower) panel. Two vertical line shows the

times displayed in the next figure.
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Calculated three dimensional main line
shapes for Experiment 3 at 07:45 (up-
per panel) and 10:30 (lower panel).

In each panel, depths shallower than
the end of float line (i.e.20m) are not
displayed. Vertical scale are two
times as large as horizontal ones.
Solid circles denote the positions
where micro-BTs are attached, and
the numbers adscribed to solid circle
indicate the branch line number.
Deployed direction of main line is
shown. Longline drift and up-
per/lower layer currents are shown
schematically (upper panel), and up-
per/lower layer currents relative to
longline are also shown (lower panel).
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