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Abstract

A 55-W underwater discharge lamp was set on one side of the leader-net of the
set-net off Tsushima, Nagasaki to lure migrating fish during the nighttime. The lamp
was turned off by a timer in the morning to direct fish into the set-net prior to hauling.
The purpose was to improve the catch efficiency of set-nets using low power
underwater lighting. Illuminated and non-illuminated fishing experiments were
conducted repeatedly from 2007 to 2009. When light was turned on, the daily catch
amount was significantly larger than that of conventional operation without light
(P<0.05). The round herring Etrumeus teres was the dominant catch in 2007, the
swordtip squid Photololigo edulis and yellowtails Seriola quinqueradiata and S.
dumerili in 2008, and the chub mackerel Scomber japonicus in 2009. Catch of these
dominant species were significantly higher with illumination (P<0.05). Thus, use of

low-power underwater light improved the catch performance of the set-net.
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IHETHARTIE, WEMHENRE INTKEND O E BRI AR 2 R
FHET D720, KES) (250~1000W) DEMIT Z224H L7 K12 X D
FEEOFHE IR VO ISR A 2 R LR Y M T, kI
IREE T DR &, FEDORBE~DRRNHER S LIz, I THEE, Sl
W, BB EEZMWT, PMUEEME OISR M LS DR T T
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T, KREDOEMITZFA Uiz, iRl oFFICEN A L 5 ke
PEA R, EEEMTIE, JCITIHE LRWA L B SRR 4 x5
ETHDT, RENERUTCRBEE ORI B8 2 BT 5 7200 O iR s
BfFFcEone BB, EAMEIZIEE> TWRu,

T TCARMZE T, BNy TV —e XA ~—2NE L2 KERGREZD
BERN DNy T U — DI T AT AR 72/ INE ] DK 2 & 73 2 2518 & B %S L7,
Z L CREEOEEE~ORm 2 £ A5 BHET, SENIRICL > THEE
Rk L OB < oM, HEMEIRE L CE 7 ABEA /NE ) oK O
TR S, BT HRNKPIT 2T 45 2 & C, W LA Z I~z
HICFEET 2 HIEIZOWT, TORREMGET 222 ML LT,

MHEE I UHE

HIERABRIL, Fig.1l ([ ZoRd il IRoer G 7 Se L 5 MY R ler O KA E & 1 C,

2007 4510 A 2 H~2008 452 J 20 B (DA}, 2007 3B &I7.5), 2008 £ 8 L9

H1H~8J 31 H (2008 #Ek), 2009 4 10 A 21 H~12 H 7 H (2009 55R)

D 3 SOHMNAT T, EEM OS2 Fig.2 (IR 7, MAITERE, E#)5, Fig.2
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FERITAEH L 72 KT OIRICIE, EEMJE DI RIEET 2 272 03k R
BISCIREREE 2 & B8 L C, 2l T 400~650nm DOFLPH DI DO R A k4
DEED AL NNT A R (RS HAR AR, HID 55W, DC12V, W
IR ARV TR, i EZKEE 20m) 14T 2 WS Z &2 Le, ZOKHAT % B 13mm,
FES bm OKHFITHI —7 0T, RAT - BT ZBHETIT ) E—FRF A L AA
> F (Omron #:8Y, H2F), JGIE A2 & # (ER AT DC 12 V, ZER 7] 55 W)
BrOEEMm (DC 12V, 40B19R, 2f#) AU L72/KERE (SUSEL, 440
X 260X 255mm) & #Ei L7z (Fig.3), KERMRIZIE, EEMMNDORET DK
R AT TE D L0 EEICHRE A 28T, Aas Li2s w9 mm C i
92 X 212 I0%9 1.3kgw O¥FET 4 HZHD 1072, 'O Z ORER G LK
fTZ 06 A 725 75m, MG 20m B L THIR YD OFFICEE Lz (Fig.2),

FEBLE YUK % 6 BT LB OB EM OB /NHE ® LR LT & 2
7, 6B OEIT N RELEZLNTZZE LD, KFHIZE—2RE A LAA
v FIAZ K VKT 5~6 K sAT L7, B H O 3~6 FEfIRTZHLT T2 X 912
AREBRIE Z & IR E Uiz, s H o0 ST IREA & YH AT IREZ 3 L VAT, FFE R
[THEDFRZESL % Table 1 (2R L7z,

Z LK 2 RAT T2 Z L IC K DIEOL AR 5720, KT %2 K
928 (LLF, SAT) ERITLZRVWAE GERAT) & RREZRMR Y A8 EIZRE L
T HER DL ol R & B2 BE A5 G~ 7o BRE ARSI,
RATOFE, ERE, fEE (XX kg PREINTWe, ok, EEMD
L2 LRI 12 BLR 72 < AT T WA Tdb o 72,

72, 2007 ABRO S H 11 H 13 A OKFAT SUTRHZIE, KT L o fas
DOARILZ R~ A Y T — (KL E At HE-811, JHKK : 400kHz, #£
HAE 90° ) THER LT,

Fig.3

Table 1
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H R

REYOAEMRE SR - &gy o LR % Fig4 128 L7, 2007
RER DRI BT 109,246kg T, £ D 5 B LA A T 2 Etrumeus teres 232K
D 69%% 5, WU T~ Scomber japonicus 7% 14%, =~ 7 3 Trachurus
japonicus 7% 7% O EIG T iz,

2008 FRBR DR 1T 19,544kg T, 47> YA 71 Photololigo edulis & 7' U
¥H (F2 7'V Seriola quinqueradiata & 7 > 2<F Seriola dumerili) 23 2/K? 65%
D, IRWTT V¥ (=7 v &~ /L7 ¥ Decapterus maruadsi) 7% 12% D EIE
T S LTz,

2009 FHER DR IE R T 108,325kg T, ¥ "NEED 91%% 57,

RET, ERITICH T 2BKEROLE 1 H bz v O EOBE S 2 3R
WIR) =& Fig.5 (2R Lz, FEAUTHICIE 2007~2009 3Bk IZ3>7- > T 0~1,000
kg DN % <, FFIZ 2008 B TIE 1,000kg %8 2 5 I IT )~ 72, —
77, BUTHFIZIE 2007~2009 FRBR O W94 1,000 kg LA 4 jfafE U 7= #p3E )3 1y
ML, HFIZ 2009 #RBk CTld 2,500 kg L EDEENR LT, T7bb, AT
RED G RFERITRF L LI LT 1 HH72 Y OWFERITZ < RN A LT,
RAT EFERATORHZEICBIT 5 1 Hdio ) OffEE 23R BRI Z L IZHhik L
EZAH, WTFNRORBBIMICIH W TS, RATERE L IERSTRFOIRERICITAER
2D B3 (Mann-Whitney @ U—FRxE, P<0.05), mTIRFO a5 BT RLT

Fri 02 < D 2 &Rz,

AEBOHEEBEOLE XABRWMOMEEDOHRE ~ FEE /AR Fig.6 (2
T~ LTz, 2007 BRBROFTY: (10 H) 1HMKFRZ2 A& CHER L7=2%, 10 A 30 H»»

Fig.4

Fig.5

Fig.6
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511 A1 HIZNTTULAAL TR REICHRESN, £0%, 12 H FAJET
TNVAAL TR Te R T UREICHESNTZ, £ LT, 12 AH4A
VBRI VAL U UREICRES -, £ 2T 2007 Bz & 512, 2007
TIVAAL T RIEE (10 A 2 H~11 A 1 H), 2007 ~¥ 3~ 7 Vi (11
H 4 H~12 H 10 H), 2007 Vv A4 U %M (12 A 12 B~2 H 29 H)
& L7z, 2008 iR & 2009 RRITZNZNT VXA T &~V NN L kS
A, M EEEER N LR T2D T, ZEi 2008 7 XA 7
M, 2009 ~ Yo\ & RS SR T T T,
BIEEB I ONINLAAL UL, v, =72, oA h, 7UHE, O
SAT, FE ST R D Y B A J A L 2 LR L 725 R A& Fig.7 128 L7z, 2007 DL
AA T UBNRICIRIE SN oA D EBRE, FEEARO TR
=L, FERMTREORE R A Ao,

BHERNCHRD E, TIVAAL T U 2007 TV A A T AL O SUTHEC,
< RE 2007 < BN - = T UMM L 2007 TV A A U %A, 2009 <
Y O ST REIZ S8 B3 EICHEAN L 72 (Mann-Whitney @ U—#&7E, P<0.05),
[FIERIC~ T 1%, 2007 ULV A A U L EHREI & 2009 ~ H /i o ST HRFIZ T
BERHEIMML (P<0.05), Z oKL 2007 /N« =7 DI A b
(P<0.1). —77, ¥7 VOMHEENERERED 6% T LR -7 2007
TIVAAL T R S 2008 YA BiEHICIE~ T U ORERICHE R
ZIIRO LN hoTz (P>0.1), 7oA Ui, 2008 7o Y%A Hifaio
SUTHEIZ B L (P<0.05), Z OOy v %4 7 Ok &
A BREZTIRD N -T2 (P>0.1) T72bb, ~7 U7 Y%A Iid,
BT REISIRE SN SGEICET, SAREESIT THERENRD LN
Too —H 7 VEIL, SEHIAZEC CRIEESITRETHERZTRD b

-7 (P>0.1),

Fig.7
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KAPKT RATREDRBERR K AT RUTRE, K AAT L Tl falie & b 2 i
D3kRE L CHERR S 7= (Fig8), F7=, KPUTEICH b= ATE % RS
720, PRV BT R, ~ TV AT IUNEESN, ZOBESIT-T-
FHDO 11 A 14 HOEBEMOEBRI 2 - TH D L, ki &ElL 869kg T,
TUNEERD 62%% HH T\, ZOZE LD, BEAYF—DORISIFAFL
O FE -T2 7 P Th Lt mn & Bbivs,

5

AMFEOFER, WRNKFAT %2 5T L7z o fifiEsElx, T X ToORER TR
ITLRWIEL Y %< 72 o7 (P<0.05), ARERPICEICIRE S, T &R
ST CIHREREICAERIBEVRAONTCRABIIT NV AL T Y, = F N, =79, 7
Y XA D THoT, UIVAALTY, =P, =T VIXEOENEEE R oM
EENTEY, "7V XA DT AVAAL IBIEOERMEEZFFSZ L P
FIERICIEDENREEZFF>b DO L Bbivd, 207, ZhbaxRET DI
AT ZEA L TV D b ONRE L, KFATONER 2 b ZEMEM I HiE S
H, SOOI DM TR ORIABE RO INC SRR > b D L E
2 HiVD, 72,2007 HERICA b &Y F—TKFUTOEDZBIE LT REND,
IKHAT JEOAZ 13 fkfe L CRBED UG MBEE S v, KHAT RIS SRl L 7= M
HWELTWD b LRI N, 4%, KPITICHEE LIcABEL I L TF
EROERE LI L, TOMREER(LTEXIUEL, BEEL&ED LK
STOB AFTAERILDO M S OSER EICHETE L7249,

—J, 7T VHEHICOWTRBEERICE B R ZTAONRN-oT, ZORRE,
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Fig.8
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ENMEZFFOIC S ED O, ERITAEIZITED LTy, BIENGICHE
¥ DFEENCIE, EXPEOMIC b BAFERDCE R ERE Y RZE L 6T D,
FERIZRIG R TIThiu TV B KT 2 7= A ¥ Parapristipoma trilineatum
— ARV IFETIE, TVBHITEERREMRTH Y, WEFITKPATIC L0 i
X RFEOEAEY TH DI X U F A U v Engraulis japonica X° % B =
Spratelloides gracilis Z M S5 Z ENEELEZ TND (AT, REE), =
D ELXY, TVEITKPITONICEE o 7o/ NI OBEEDO - D IZIFE L TE
B TSI REENE A DD,

EEMIZ I 2KPATORIME, EEDOERIZT TR, SRR Lol
BICHIENTEL B2 5, EEMOLGMIIIZ KRR T NRLETHY, £z,
EEM & FIMFEEZHET D HECMEY 2 i L L T 258 12 I1TRFH
M7efliz=Z 52 L0, —HIZ 1 BOHESERICITOND Z ERE,
L7 U TEER oo/ NE BN TIT b - 52 & i o BMRICBE 4 20198 T,
IR (THF, 19KF) IZUNAAL T e~T DOMMBENEEINM LT, 7L R
A UL AERERTNCAN & EEN & HI2E < R0 T, MEEO AMBRZIZE
HCHMT L ENEELEFEINTND, 0 HEERNCARE & HKBER % <
25 EVDNTE TN AAL T > OURIEROKPATSATIC LD HINE, AKHAT 0 A
STEWITIN TN AL T DA (HE) FEZ 220 S 72 2 LI X D ATReMED
Zxbd, Lo CTOKBIT ORI, &5 o AREREZ] % Sl L,
TE B D R§ ] 2 Bh SRAVICRE T & 5 AlREVE A R LTV D,

F IR, AT DA0E A SR U CRIRICER E T E D HR bR,
S ER T O E BT O K INEE L O BB TEIF A T, RRTEIC R
- W LI 27 F AU MEED, RTEN GBEN D BRICZE O— 3 AT
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st U CHR D R IRF T & 2K HITIE, & & Ry, ABEEHE ST 500
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RN GO TR LT AEOEB~OFEZ R TE 5,

AR, EEMEIRIEICIT D/NERKTUITE ORI R AR 723, ABFFERS R

SITAKPIT OERNC Ko THIRFT 21ERFED 5 6, JKIPAT L T RaEED I
By ok (Fig.8) LERL TV, HITIZX 2 H~DF EFR X
BN ORI S OHERNZ L H DT, 5%, ZOWBREZMYIIT 52 LN
WETHAD, ZOZ LIZEEL T, KPUTOIENE & ST « HATREZNZ S
WTIE, BRT_EEAREZ0, FIZIE, EIRO D DIEEME 249 % Bk
55 CIIABEIRE O AR 2 Feo 7y, PRI HIE O 513 BEOI TN A
—E TR &SRO KT E BRI 2 BFATEI O A K 0 40
BRTW5D, 4%, KPITORY LB RET 22 LT, 29 LMt
DT B LNIATE Z LS, SR 2 M LT 5 AMEREE 2 Ao <
DT Z EAARR D LI, EFHER SO S@ERY | RIRR Y O
TH LA L 91T, AEEN EEMATE I RET 2 RHER ICE— 7 R D72 BT,
ZOWERHN ST A ETCORMERET D70 L, BIOFNRERFTIEIC
HIRETORMD D D

F72, ARIORBREZAT o 2 EEMI TR bW lo EERE D 2km FRE L
EEN TV ae®, MOEBHEOEE~OFEIMN LD LEZ, MataiTh
Rino TN, EEMENEET LTI, KFITOBEASOEBEREICS 2D
WELRHTOLERND D, WEETIE, EEMEIEECBT 2ERTRIHAO
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LS, ZOXIREIZONVTHEETRXTH B,
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[ Figures caption]

Fig.1 Location of the set-net where fishing experiments were carried out.

Fig.2 Position of the underwater lamp and the battery container in the set-net.

Fig.3 Schematic diagram of the underwater lamp and the battery container used for the

experiments. Top: Detailed positions, Bottom: Interior of the battery container.

Fig.4 Catch compositions of the set-net during the three experimental periods. * Mixed

category is a sales category consisting of several species.

Fig.5 Catch frequencies with/without lighting during the three experimental periods.

Fig.6 Daily catch amounts in time-series. Top two graphs show daily change in catch
amount with/without lighting in 2007. Bottom left two graphs; in 2008, Bottom

right two graphs; in 20009.

Fig.7 Box-plots summarizing daily catch amounts according to fishing seasons and
captured species. Bold horizontal lines in the box-plots denote the medians.
Ends of the boxes and whiskers are the interquartile ranges (the 25th and 75th
percentiles), and the points outside are 1.5 times the interquartile ranges,
respectively. “*’ indicates significant difference with/without lighting (**:

P<0.05,*: P<0.1, Mann-Whitney U-test).

Fig.8 Sonar image recorded during lighting. Observation was conducted during 21:45

15



— 23:40 on November 13, 2007 to monitor the vertical cross section from the

sea surface to the bottom area around the underwater lamps and the leader-net.

16



1  Table 1 Setting times for light-on, light-off, number of hauls conducted and times of

2 sunrise/sunset during the experiment
Light-on Light-off ~ No.of Sunrise Sunset
(hh:mm) (hh:mm) hauls (hh:mm) (hh:mm)
Oct.2 2007-Feb. 29 2008 19:00 01:00 On46  06:15-07:23 17:14-18:16
Off 55
Aug. 1 2008-Aug. 31 2008 20:00 01:00 On11  05:34-05:54 18:48-19:20
Off 12
Oct. 21 2009- Dec. 7 2009 22:00 03:00 On16 06:28-07:09 17:14-17:42
Off 17

17
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