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Fig.5 Comparison between numerical hook depth of minimum potential energy principle model and the depth measured by TDR in
some positions
a. December 14, 2008; b. December 28, 2008. X—distance along the connecting line between two floats (m); Y—distance along the
perpendicular to the connecting line between two floats in the plane of sea surface (m); Z—depth (m); eshows the measured hook
depth; | shows the branch lines, whose end shows the numerical hook depth.

F1 ZMURESHERLREN -85 R (188 #44)

Tab.1 Significant difference of t-test results between measured hook depth and numerical hook depths (188 hooks)

statistic value measured hook depth numerical hook dept'h O.f minimum potential
energy principle model
/m average 204.35 209.67
/m? variance 4758.51 4480.19
dr 374 374

t ¢ stat. —0.76

P(T<=t) P(T<=t) one-way 0.22

P(T<=t) P(T<=t) two-way 0.44

22
[22] CN‘)O Re 5 s
, Cnoo 1.20 ,
(2) , ( 5a)
b b
, 0.8
m/s 2l
18
e, , 3) ,
b b b
[6,9, 11, 23]
b b

( V4 )

[5-11, 13]
b

[12]



1176

18

(
) ,
[9]
4)
[15]
[10]
, 0 350
m 7 ( 50m 1 ) ,
MATLAB
(5) ,
1010 [18]
(6)

Brigt: AAF R AFE rim ol i b A IR TR )
CEFERE, BiEAENEELE,. TRFEIAE
JFe “HH 86”7 TR FIRH L,
L.
2 Xk

[1] Mizuno K, Okazaki M, Nakano H, et al. Estimation of un-

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

derwater shape of tuna longlines with micro-bathythermo-
graphs [R]. Int Am Trop Tuna Commun Spec Rep, 1999:
10-35.
[J1. , 2004, 28(4): 443—449.
Bigelow K A, Michael K M, Ftanxois P, et al. Pelagic
longline gear depth and shoaling [J]. Fish Res, 2006, 77:
173-183.
Yoshinori M, Keiichi U, Reiko O, et al. Three-dimensional
underwater shape measurement of tuna longline using ultra-
sonic positioning system and ORBCOMM buoy [J]. Fish Sci,
2006, 72: 63—68.
Suzuki K. Validity and visualization of a numerical model
used to determine dynamic configurations of fishing nets [J].
Fish Sci, 2003, 69: 695-705.
Wan R, Cui J H, Song X F, et al. A numerical model for
predicting the fishing operation status of tuna longlines [J].
, 2005, 29 (2):238-245.
Wan R, Hu F X, Tokai T, et al. A method for analyzing static
response of submerged rope system based on a finite element
method [J]. Fish Sci, 2002, 68:65-70.
Wan R, Hu F X, Tokai T. A static analysis of the tension and
configuration of submerged plane nets [J]. Fish Sci, 2002, 68:
815-823.
Lee J H, Lee C W, Cha B J. Dynamic simulation of tuna
longline gear using numerical methods [J]. Fish Sci, 2005, 71:
1287-1294.
(D].
,2007: 1-132.
Lee C W, Kim Y B, Ho G, et al. Dynamic simulation of a fish
cage system subjected to currents and waves [J]. Ocean Eng,
2008, 35:1521-1532.
(Thunnus obesus)
- (D].
,2008: 1-209.
Kim Y H, Park M C. The simulation of the geometry of a
tuna purse seine under current and drift of purse seiner [J].

Ocean Eng, 2009, 36: 1080—1088.

Logan D L. [M]. 3 . s
, . : ,2003: 241-257.
Argyris J H. M]. s
, 1978: 1-311.
Reacktenwald G. MATLAB M].

> s s s . . >



5 1177
2004: 1-550. 331-347.
n7n * . W JE 4By M) R [22] Yamamoto K, Mukaida Y, Puspito G, et al. A scale effect
&, 1992: 9-10. evaluated by drag measurement comparison between proto
[18] R S [M]. type plane nets and one-fifth model based on Tauti’s law[J].
,2001: 1-161. Fish Sci, 1996, 62: 561-565.
[19] Fridman A L. Calculations for fishing gear designs [M]. [23] Niedzwiedz G. Computer-aided simulation of shape and

(20]

(21]

Oxford(UK): Fishing News Books Ltd., 1986: 1-241.

>

,2006: 1-284.

Hu F X. Studies on the hydrodynamic characteristics and

position control of fishing gears [J]. Fish Eng, 2005, 32:

strength of trawls after changes in design and operational
conditions [C]//Paschen M, Kopnick W, Niedzwiedz G, et al.
Contributions on the theory of fishing gears and related
marine systems. Rostock(Germany):Neuer Hoochschuls-

chriftenverlag Dr. Ingo Koch & Co. KG, 2000: 119-135.

1
1
1
1
1
1
1

MABIT R 2012 & (KR mRes5%%)

].H,
il

EEXMR:

IRk
/

Ep))

16 ,
B & 1% S: 82-223

12
:(010)82106522 82106521

, 64
:10.00

() ;
60.00

, : 100081

E-mail: ags@caas.net.cn



1178 18

Numeric modeling of a pelagic longline based on minimum potential
energy principle

SONG Liming', ZHANG Zhi', YUAN Junting®, LI Yuwei'

1. The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China;
2. College of Engineering, Shanghai Ocean University, Shanghai 201306, China

Abstract: Fishing parameters (such as the shooting speed of mainline, vessel speed, time interval between two
hooks, numbers of hooks between two floats) can be adjusted to deploy the hooks to water layers that are preferred
by target species, such as tuna. As a result, the catch rate of the target species can be increased and the catch of
bycatch species (e.g., loggerhead turtles, Caretta caretta; blue sharks, Prionace glauca; silky sharks, Car-
charhinus falciformis) can be reduced. Together, these actions improve fishing efficiency and help maintain bio-
logical diversity. To better understand the relationship between these factors and the fishing depth of longline gear,
we developed a numeric model of the behavior of a pelagic longline. We conducted surveys on board Chinese
large scale tuna longliners in the Indian Ocean between September 2008 and January 2009. During the surveys, the
vessels targeted bigeye tuna (Thunnus obesus)but also caught yellowfin tuna (Thunnus albacares), swordfish
(Xiphias gladius), albacore (Thunnus alalunga) and billfishes (Istiophoridae). The hook depths (188 hooks) were
measured using temperature depth recorders (TDRs) and the three dimensional current was measured at a range of
depths at 24 sites using an acoustic doppler current profiler (ADCP). We developed a three-dimensional numerical
longline model (3DNLM) using finite element analysis and the minimum potential energy principle method. We
used Matrix Laboratory (MATLAB) software to program and conduct the numerical calculations. The three di-
mensional current data were assigned to seven, 50 m depth intervals (e.g., 0-50, 50—100, or 300-350 m). The co-
ordinates of all the nodes of the longline (including the float lines, mainline, and branch lines) were calculated by
inputting three-dimensional current profile data, fishing gear parameters (the diameter of the mainline and branch
line, the total weight of the branch line and the bait in the water, the density of the mainline and branch line, the
elastic modulus of the mainline, the length of the branch line, and the length of the float rope), operating parame-
ters (vessel speed, line shooter speed, and the time interval between two hooks) into the numerical model. The
model then outputs the shape of the longline under water and the depth of each hook. We verified the model output
using experimental data. The model was able to accurately depict the three-dimensional shape and hook depths of
the pelagic longline. There was no significant difference between the hook depth measured by TDR and the model
estimate of hook depth (P=0.22>0.05). The average difference between two methods was 12.03 m (range:
0.02-40.36 m, $*=100.30, S=10.01, n=188). The underwater shape of the main line was represented by a
wave-shaped curve. The shape was related to the force of the branch line. This load was concentrated at the re-
spective node of the main line and made the depth of this node deeper. The main line between two nodes may have
floated somewhat because of lift generated by sea currents, especially upwelling currents. The model estimates of
the three-dimensional shape and the hook depths were influenced by the value of the drag coefficient (Cyog). Cnoo
was defined as the drag coefficient associated with water flow plumb to the cylinder. The value of the drag coeffi-
cient (Cyog) Was determined based on the Reynolds number (Re) of the study object.

Key words: longline; numerical modeling; finite element analysis; minimum potential energy principle



