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Performance evaluation of fishing lamp using oval-shaped blue LEDs for squid jigging fishery

in offshore fishing grounds in the Sea of Japan

TAKAFUMI SHIKATA,* KUNIHARU YAMASHITA, Mi1TsusHI SHIRATA AND YouicHI MACHIDA

Ishikawa Prefecture Fisheries Research Center, Housu, Ishikawa 927-0435, Japan

The effectiveness of a light emitting diode (LED) fishing lamp consisting of 950 oval-shaped blue LEDs was

investigated in offshore fishing grounds for the Japanese common squid 7odarodes pacificus in the Sea of Japan.

Squid jigging operations were conducted by R/V Hakusan-Maru (167 gross tonnes) equipped with 216 LED

lamps and 78 metal halide (MH) lamps. Mean catch per unit effort was markedly lower in operations using only
the 216 LED lamps (15 kW in total) but slightly lower in operations using both the 216 LED lamps and 24 MH
lamps (87 kW in total) than using the 78 MH lamps (234 kW in total). The light from MH lamps widely spread in
the sea surface layer but that from the LED lamps irradiated only a limited area near the vessel, suggesting that

light distribution affected catch performance. Fuel consumption of the generator engine for lighting these lamps

was proportional to the total electric power consumption of the lamps. Fuel consumption for lighting both the 216
LED lamps and 24 MH lamps was 37% of that for lighting the 78 MH lamps. These results indicate that fuel can
be saved by the combined use of LED and MH lamps without a remarkable reduction of squid catch.
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Fig. 1 Arrangement of shipboard metal halide lamps and LED fishing lamps in R/V Hakusan-Maru (167 gross tonnes). Upper
figure, side view; lower figure, top view. Year in parentheses indicates the year in which LED fishing lamps were equipped.
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Table 1 Records of squid jigging operations in this study

Date*! Location Lighting™ I;T gﬁi?if
Lat. Lon. condition caught

Nov. 13,2005 N 39°46" E 135°40" B102 580
Nov. 14, 2005 N 39°35" E 135°25" M78 687
Nov. 15,2005 N 39°56" E 135°01° M78 1,681
Nov. 16, 2005 N 39°49" E 135°02" B102 354
Nov. 17,2005 N 39°03" E 134°50° B102 1,029
Nov. 18, 2005 N 39°01" E 134°50" M78 1,359
Nov. 19, 2005 N 39°15" E 134°34" B102 2,793
Nov. 20, 2005 N 39°15" E 134°23" M78 7,146
Nov. 21, 2005 N 39°14° E 134°23" B102 1,133
Nov. 22,2005 N39°11° E 134°39° M78 3,360
Aug. 24,2006 N 39°59° E 134°40° M24B102W30 9,559
Aug. 25,2006 N39°51" E 134°43" M78 9,730

Aug. 26,2006 N39°50" E 134°43" M24B102W30 8,803
Aug. 27,2006 N39°47" E 134°42" M24B102W30 6,622

Aug. 28,2006 N39°46" E 134°41" M78 7,502
Sep. 22,2006 N39°44" E 134°22" B102W30 1,330
Sep. 23,2006 N39°56" E 134°46° M78 5,450
Sep. 24,2006 N39°55" E 134°46" B102W30 4,409
Sep. 25,2006 N 39°49" E 134°44" M78 6,921
Sep. 26,2006 N39°40" E 134°35" B102W30 1,319
Sep. 27,2006 N39°55" E 134°43" B102W30 1,331
Oct. 19,2006 N38°57 E133°58" M78 5,490
Oct. 20,2006 N39°00" E 134°01" M24B102 1,803
Oct. 26,2006 N39°28 E133°59° M78 6,736
Oct. 27,2006 N39°28 E 133°51" M24B102 3,393
Aug. 21, 2007 N39°59" E135°20° M78 5,395
Aug. 22,2007 N39°59" E135°20° M24B216 2,083
Aug. 23,2007 N40°27° E136°00° M24B216 6,539
Aug. 24,2007 N40°28" E 136°01" M78 1,133
Aug. 25,2007 N40°02" E135°09° M78 5,413
Aug. 26,2007 N40°02" E135°12" M24B216 1,096
Sep. 19,2007 N39°14" E 134°12" M24B216 6,897
Sep. 20,2007 N39°14" E134°11" M78 6,410
Sep. 21,2007 N39°13" E 134°13" B216 3,421
Sep. 22,2007 N39°18 E 134°28" M78 7,473
Sep. 23,2007 N39°21" E134°30° M24B216 2,278
Sep. 24,2007 N39°20" E 134°30° M78 2,485
Sep. 25,2007 N39°26" E 134°32" B216 653
Oct. 14,2007 N 39°29° E 135°20° M78 3,235
Oct. 15,2007 N39°25" E 135°24" M24B216 1,435
Oct. 16,2007 N39°35" E 135°27° M24B216 1,154
Oct. 17,2007 N39°30" E 135°35" M78 2,508

*1 Each operation was conducted between sunset and sunrise of the
next day.

*2 M, B, and W indicate use of MH, blue LED, and white LED
lamps, respectively. The following numbers indicate the number
of lit lamps.
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Fig. 2 Location of measurement points for underwater
light intensity around R/V Hakusan-Maru.

A HFEWEE 1 EEL 2> Tk 59,9 ZORIUR
KPR 482 nm TH 5.4 BIEFT DNV FINZA T 1V
2 —0D > HHLERE 488 nm D7 4 L X — RS 2L A
A NEWE ORI 5 2 5, KPFFETIE
COWEHOWEME 20V A A HITH T 5 BEOFEE
L7

EMTT b ITICHRERNRAEIEEH T &
DFAD—2 & U TCRIBENN DD 5. 4 NPV PWFET
LITHICEE ST S5V 7 PV HRARLIZDIZAN A A
ADPEELEFPBRESINTED, D FITOMRE % -
TAHDZTHEWOSMEIMNTE T ELETHEETH
5o RIAATOEBAEMIS TS0 v, N
B, NMIADERETHH.Y ChHDDHMAEWE L
TORERA DEABEPICERBNICEET HOEFHL
Wicw, MK TOEBHm TSV 7 P vOSAfik N,
2006 FEDOFKHEDO ORFEICH B /Ry 7 %y b
(OB 45cm, #H 0.335mm) % 100m 2 5
FEREL WSV PV EREL ., FREWITS
FAF v TEEBICHECANTLEY V< U VK TR
EL oo COMMBEIBEECREL, BAMET T CRAE
ERHUET 5 2,

BOEEEE [IUICE 1300PS O 1 &, 360PS
Ok & 300 kVA DRBEEN K 2 GHEHIN TV 5,
PREERFIC I T EIE L, MISIRE T2 &,
LED /T CIZ AR w1 B2 @i L 7o, ¥
R I B OFSTHMELE IR D fH Bz i BT Offi A 1
WRefEICRRER L, i (A EH) OEBEZ AN,

& R

BRERE 2005 FICIXLED T2 H W& &D
e DR A SR 3 5 72 D1 LED ST O B2 1T -
72o ZORSR, B102 ¥ OF# CPUE (3 M78 0D
419% \Cf % -7z (Fig. 3), LED [THHEFETL AL A
ANBWETE LD, WERBOELALPRE N L
5, 2006 FICIIHE LED AT 30 T &85 L, MH /T
EOPHBEELIT /o, WMESAICER L 2

50 1 Nov. 2005 250 4 Aug. 2006
10 A o 200 4
30 A 150 A
o
o] : g E -.__.
10 - 50 4
0 4 0 A
M78 B102 M78 M24B102W30
125 q Sep. 2006 100 4 Oct. 2006
100 A 80

75 4
50 4

60
40

25 4 20 4

[S]
o
o
=]
o}
o

M78 B102W30 M78 M24B102

100 Aug 2007 125 Sep. 2007
80 4 100 A
60 4 75
40 4 50
20 4 25

CPUE (number of squid/machine-hour)

=3
o
o
o
[e]
[e]

M78 M24B216 M78 M24B216

125 1 Sep. 2007 50 1 Oct. 2007
100 4 40 4
75 A 30
50 20 4
25 4 10
0 0
M78 B216 M78 M24B216

.
f

Fig. 3 Comparison of catch per unit effort (CPUE) be-
tween operation using only MH lamps and operation
using LED lamps. CPUE is expressed as the number
of squid caught per machine-hour. Open circles and
gray bars indicate individual value and mean. M, B,
and W indicate use of MH, blue LED, and white LED
lamps, respectively. The following numbers indicate
the number of lit lamps. Statistical difference between
groups was tested using Student’s #test or Welch'’s -
test. Asterisk indicates a significant difference be-
tween groups (»<0.05).
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Fig. 4 Vertical distribution of underwater light intensity
measured in the 488-nm band in the port-starboard
direction of R/V Hakusan-Maru. Light intensity is ex-
pressed as a percentage of the maximum value meas-
ured in each year’s M78.
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pressed as a percentage of the maximum value meas-
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Fig. 8 Trial calculation of the economic balance of fuel
saving and catch reduction in offshore squid jigging
boats equipped with LED lamps. The x—axis shows the
catch before equipping the boats with LED lamps.
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