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Effects of light wavelengths and intensities on phototaxis and
feeding behavior of the mangrove killifish Kryptolebias

marmoratus larvae

Naoya IsHIDAY'?2" and Yoshitaka SAKAKURA®

Abstract: To validate effective light conditions for larviculture,
we investigated the effects of wavelengths and intensities of light
on phototaxis and feeding behavior in the mangrove Killifish
Kryptolebias marmoratus larvae. We used four different light
wavelengths (white, with peaks at 460 and 570 nm; blue at 470
nm; green at 525 nm; and red at 660 nm) and two intensities (0.5,
2.0 W m-2). Mangrove killifish larvae showed positive phototaxis
under all light wavelengths regardless of light intensities.
Artemia franciscana nauplii showed a tendency to be swarm at
corner of the water tank. Feeding amount of Artemia by fish
larvae under white light was 1.7 times higher than that under red
light. These results suggest that mangrove killifish larvae may

efficiently feed in shorter wavelength of light.

Key words: Kryptolebias marmoratus; Larva; Phototaxis; Light

wavelength
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v~ 7 —7 « X% U7 4 v Kryptolebias marmoratus {+ £

DNEEEEETHICHT T IHEE L RFREORE

Fr =T AL My T a—T XU T 4y afflaDN

£ M

AHEHD? A RFIT

HOWELREL, BEMFHLAOERLRREICEEL S X
LI EenEmbLNLTWD, B2, A4k A 3 U~ ¥ T Gadus
morhua @ {7 %X, BE A 15 lux ® % &2~ 1,200 lux ©
AL TCEHET S ERENEE D (Van der Meeren and
Jorstad 2001), — %, Southern flounder Paralichthys
lethostigma O {7 £ 1Z B FE A% 1,000 lux DB F TRl E & 4 E R
K< 720, 100lux ® F Tk b M < 72 5 (Henne and Watanabe
2003), W RIC>WTHDLE, BT ZF D Solea
senegalensis & European seabass Dicentrarchus labrax @ 1+ f& X

RO HEREAO LEDBRH THBELEF A AEH WK EREZ KT

U R R # A KERBRY (Nagasaki Prefectural Institute of
Fisheries, 1551-4 Taira, Nagasaki 851-2213, Japan)

2 K BE T OHY B HE O 5k 55 & GE SR (Fisheries Agency Resources
Enhancement Promotion Department Fish Ranching and
Aquaculture Division, 1-2-1 Kasumigaseki, Chiyoda-ku,
Tokyo 100-8907, Japan)

PRI RTFERFREAKE - BERFHRSIER (Graduate
School of Fisheries and Environmental Sciences, Nagasaki
University, 1-14 Bunkyo, Nagasaki 852-8521, Japan)

© K S (corresponding author) : Tel, (+81)95-819-2823: E-
mail, sakakura@nagasaki-u.ac.jp (Y. Sakakura)
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(Blanco-Vives et al. 2010; Villamizar et al. 2009), 7=, ~ Y
71U Verasper moseri A O KK X HF L FkA DN & FHIZH W
L&, REBIXUBHANXKIY bENREE S S (Takahashi
etal. 2016), Z DO X OIZ, WEDOKKEE LECME THEF L
SRR ORR EAEXRPELSRDIFERO —2F, BED
W R HRERFHAOKRE - ERICEDLIITEHICEE AL
HEZTWaied B x biv, Z OHMNE MO EM TR
SR TWwW5bd, fl 21X, European seabass ®{rf 1L, H & LED
AT CEESIOCEXRNIERICR D0, REAETIEAEIEIS
72 %5 (Villamizar et al. 2011), ¥ 7=, Downing and Litvak
(2001) X = ¥ 7 Melanogrammus aeglefinus @ £ £ (% 20 lux
LR D55 Wtz ~, 130~1500 lux @ M JE TH B 2 6F B8 68
BN, HE LEDBUP T THMAITHNERICARD Z L
rHRM L, b2, EMOEMED D> TH D EMEITZE L
ODREOMFHELABICBEIND D (HHEANEEE L Z2ME D
< b HEE&E W= 2006), -~ %~ % Arctoscopus japonicus @ Mt £
TiX, @ LED Bl T2 EDO N EMEREEZRFEO M LK
MWD EWVWIMENH D (MH B 2010), £ 7, Inaetal.
(2017) X7 v~ Z v Thunnus orientalis £ £ 2% 3 H i DL K& 12
EoYENERS 20D, FHEAHMIIHBZ 24KHICT 5
LT, BRELABBTE S LEHEMBL VD, LD MMM
b, M E LI MEIIFHAN OEM, Wikl XU EMIZ
B rHE2DEEZAOND, HFITHFAOEEHITIMAE & AKIZ
RESEETL2T7HTHY, HEHEDBAREICL > TITAEKD
HERERKRD -2 LD,
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MEARONHEE L L TARSHLA TS Y F I XY
AT LI HONTH, KR - EREPEEERICE X2 ZEIC
SWTHRHFEHLTWDL, ¥4I XY KU A Brachionus
plicatilis sp. complex |& LED MMBA ® &, #k, B ®AIZITIE DL E
WA RT N, RFRENSLS D EEDNEENTE D, — 5,
RE TR ELC IS FREE LR S 2 (Kim et al. 2014),
Fl, 7=/ NTU =TI, AT EHEHEBICHW
W AENFEM SN TEBY, o Acartia tonsa & & 2
453~ 620 nm O JG T E O &M % k9 (Stearns and Forward
1984), L7 o T, PR HRE IZFAZT TR, HE
AYoTECbEREE XS, LEXLYD, BFEOKKE KL M
ETEAT DAL OHEEDOmMEOITE 2 M 6 i
HI LT, MEAEEICADRAEZMEEZRFT TE D LEEXLLND,

~vZZwu—7+«*%1U 7 4 v a2 Kryptolebias marmoratus (% 7
FUNERBLrL 7 VX YEESETCORBESLIOL Y
TWHIKERE A FEBOY 7 r —THICHa AL TEDY
( Turner et al. 1992), HH @Y TH — B XX K = 17 9
(Harrington 1961), A ff X M8 s W /AKIE (7~45°C, Davis et al.
1990) & #5 4y (0~114, King et al. 1989) T/ B AR T, &E
o7 ryrE=7 Mm% A3 %5 (Frickand Wright 2002) 72 &,
BN RNV IIREG T, ERAEWE L TCAHAANZREEL A
T5, BERBHEOMFHAHNOBEHEECITIMEAEEN AL LN DD
(I A& & 2003, 2005), v>» 270 —7 - %V 74 v alIAFK
SHAEATHSZENDE, s —rRKEOEHNATRTHDY

(Kallman and Harrington 1964; Harrington and Kallman 1968),
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[l O (1 NN = S BB LML FF O MR S LR L
THEETHOBEER VDRV, ZhboREZFMH L, AHEIX
B D RHMTOEEEITE O LS (Grageda et al. 2005), £ 4
REREEICH T AOMITAOBHEITH S L OKREICEHT S
Moo rsrm—rEF VHE I TELE (Grageda et al. 2008;
Pandey etal.2008), # Z T, AW T b AL ET LV EYE L
TEY, FRAPERLIEME L ERICH LT, Eo X 5Tk
EESLCEHITHELALLSE IO ERAATL, £, v/ B —
T XV T 4 v afFHAOEETEHCOHRREOLBEICH WL LT
X/7=eEECTH D 7 T 2 T Artemia franciscana (Grageda et al.
2005, 2008; Pandey et al. 2008) 28 72 2 i 58 L R K & I
LT, EokshtEZRT O,

MER X OFE

~vrZua—7 XV 740y vaffROXESE LR AT,
v~ r7m—7 X%V 7 4y ra®d DAN KK EZ H Wiz, DAN ¥ X
N Y — X ® Dangriga TERE I N7 b O T, &K KK EHEMF*
MR=ECTHNREAEFTE IR TWVWDE 78— R THDH (Kanamori et
al. 2016), Bl XV ZKIEZHEEL, Y72 F v 7 Fa (HE
58cm, @ & 7cm, A& 120mD) IZEMICKAELL, Z0b %,
W5y 17 o N T #g /&K (Marine Art Hi, & H 838 ; DL F 1/2 ¥ K ),
KR 25°C, Je A M 14L:10D o K TEBE L, T 0K, WK
DA FEEH L TWnWD 2L, BEOBSEL +oIC%EL THELE
AT D3 A B TH D Z & (Koenigand Chasar 1984) # i L <,
FRBEME (SZX12, OLYMPUS) F THhEm OB A 2 & v b

AHAWTHRZHY b . B2l 20T & L,
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141

2~4 HH5 OfFfa (KE 5.2~6.1mm) Z EBRICHEMHL =,

FE 25COREEN T, Kimetal. (2014) O Y4 I XY RU
A O EERBO FEICHERL, LEDBEBH O LicT7 27V vl
K (E & 120 mm, @ 30mm, X 30mm) %% & L 7= (Fig.
la), KEIZIENZH, 2 UNAOH ST ITREATHD, KiEoE
ML OHRKEET LI LI, KM /2K (25C) % 60 ml
A, K#EF16mmE Lz, 77 2AF v 7 8-otO0HKET, ER
A0 mm i D XK EZ 35H LT, 3SREAEE-T=, KE R
T omoXEAE2 AREL, %2 BX, &bXENDLEWK
HZ CXELE, ARIZCOARENE TS X HIFT 5720, LED
AN XL OB MU 2B E AR TE S, K FRo
BXICHFfaEZ 1RBINAL, BMEAMFE TS oM ER, LED RHF O
B 2 LT, BEblofe %45 L, (Fig.1b) 5 5y [# % & MR &
Lz, E (E—27 K E) 12X, & (470 nm), #t (525 nm),
7% (660 nm), Hf (460,570 nm Ot — 27 EORANK) O 4
Mo LED BB (ISL-150 x 150, ¥ — ¥ — = ) & H i, ik
FHREIX, £ E T~y e —7 %Y 7 40 v LaDfTHR
BRofERE LT HWVWSENZY A I XY AR Y LAY (Pandey et al.
2008) O EMH B (Kimetal. 2014) O MEIZH HH T 0.5
Wm? & 20Wm?20 2BICREL, 7 850 &XTHE
RrzBZhole, MERIAMEZEKE L L, Bl82F TR
DITENICHE X 2 HEBERAT HI-OIC, Ko EHICHEL L
w ¥ CCD 1 # 7 (SSC-DC80, SONY) # W= D4 I} 7= ®
=X BE, E =X 5B TSSO BR P ELIHERET
THAPRLRHEH (AK) ICHELEZRER (B) 230 L7,

{ Fig. 1
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157
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166

B, WMEBEXTIE CCD P ATZIZHMHBLTWD RABOBE T
THM L7, Zo#MFEL, 4BEDO LEDIZS2WT, T ZEh 2
BeBE O B BRE TH 10 B o %M L, RER (KRB X
20 Bl EEE 2 4 0 IR L T2,

TNHTITOREE HTiRkRESNTWDLT AU DERES L
— NIV BNV A ZEDOT VT I T Artemia franciscana @ Rz f§ T
A &K 25°C O 1/2 EAKH T 24 Rl L TRfk S ¥ 72,
B E#%AZ 0 FTE L, 2~3 B0 ALE ., =7V U RGAE
R AEHELTHERLE, B, /=7 VU XA FTEAKIZ
Ao BERZzFHLT, RAE (KRINHFE) 24— 2> (A
2008), ~rvZmu—7 «F U T 4 v vabFEKONBEX SR
BEXAEZFIT, Fig. lanoEEE2HWEFETT AT I T % B K
30 MENAE L, 0%, BKENTSHMEFEL TH5 LED
Ml OB ZHEL T WY 25 L5H0MOERNKT#

CHEERLT, S3KBEBHROT LT I 7T OMEKEZF KL
7z (Fig.1lc), Z OEEEZHWE X TIX 5F, K EX TIX 10 [H
T oMY KL,
~v/Zue—7 XV 74y vVaffROEHTEH HEERLE
BEONPEMHITHICHEZADI2EZEELZHLNICT S0, KFIC
X, tEMRBRCHEHLZEERZa A6, BEROoFAL
FOREROHREAO LED BB ZH W, BHBEL 20Wm?2 L
LT, 320 FEBRKXEZRITL, T XxDEBRKTIX, v nm
— T XV T 4 v aBLIOTATITONREEER &R
HiETmibs MR EDEH Y, FAEOEREZ 2 HEH L 72,
LED B X% BXE L, ARICT VT 27 % 30k, CKIC

)/
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v~ m—=7 X% T4y afffar 1 BERLENANE L
(Fig.1d), M Z AL CTHRBTFTT50MFELZEKIC, BK
Xt EMHE L, Bl %24 L7 (Fig. le), KM E& TR
& L7 CCD W AZ CAKMANOIMMEDITE 2 Sl L, & H &
N L. £, GREE B &2 30 B & o 10 =B o 8 @iz g,
30 MMl o KA D S MAE 3 5F LEXKEOT VT I 7T OEK
BrrzhnthitBZ L, b, EXWICHoM LT VT I T #
K oIz, EBRICHELEKIC, ThZho XK E TF R
NEELEEA M2 ZREHEErH W, Wb —@#OBELZ
NTRLOERKXTIEFSBVRLEZ, BMETOFAOENZ
Wi T2, LROBEREHET, L2 BRHEETITHRABRT T
S5oMOfFROEMEZH K LE, ZO8EEZ S5HET KK
L7,

MErAE ~ T o—7 %V Ty 2D E M E R
TH O W AERMH O LB I = ok &R ENE DD
(two-way repeated measures ANOVA) Z B Z 2w, X E &k
HWREO o0 HEKNICKXAEEHNN 2 E B ENTESE A
(P>0.05) (Zi%, %4~ O HERIZT SV T —ohd & XEHE S # S
#r (one-way repeated measures ANOVA) I X W L=, &5
W, R EFELI W EHBah S A (P<0.05) 21X, 2 H
b i E (Tukey-Kramer test) #8827 o7=, 747 I 7 DN
EMEERTHO N MEAEE O KIS Z ok & o 8o (two-
way ANOVA) Zz B8 Z 72w, XEEEHHFBEO Z 20 BRIZAK
HERDH 2 el HE (P<0.05) I20F, £ ELBHRT

(Tukey-Kramer test) # B Z 7o 7=, FRAOEHER TH LN
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216

AT — 4 (FRoBEEE, Kibifgo R HEMEE) oL
X — T B & 4 # 2 1 (one-way ANOVA) % 8 Z 72\, @ N %
LS EHlrashzizdad (P <0.05) 20, % &EkKBKBKE

(Tukey-Kramer test) # ¥ Z 72 - /=,

S

~vZa—7 XV T4y vaffADONESE KR LK
FREICIIWERB I T2 R AEERITR < (two-way
repeated measures ANOVA, P = 0.643, n =10, df =4, F =
0.630), M4t MR 0.5, 20 Wm 2l oA EZ L% -7 (one-
way repeated measures ANOVA, P =0.873, n=40,df =1, F =
0.026), X EMOAEZEDL 72 < (one-way repeated measures
ANOVA, P = 0.480, n = 20, df = 3, F = 0.832), Y& £ < jix &
FEoOEWICLY, XREHOMWAERHAICET R, v
yma—7 « XU 7 4y aftAOREXOERMBIL 7T+ 19
B oOEYy + E¥ERE) Thole (Fig.2), R HEXXT, F
prEmROE - ERORAGNICL2HEB (16333 1),
ke (16551 F) B L OHKRE (184 £75F) H¥E DN T 1.7
~19fFIF EMAERBNEC 22D (one-way repeated measures
ANOVA, P < 0.05, n=20,df =4, F =6.813; Tukey-Kramer test,
P<0.05), Hfa (141 £52%) bW BRI WARRK?E 2
DAE W\ S H D AT

TNVTITOXENE KERNOTALTITOHMAITREER
WM ThHZE 21T < (one-way ANOVA, P =0.954, n=10,df = 4, F

=0.168), MHMBEMOHEEF* L 727> 7= (one-way ANOVA, P

{ Fig. 2
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236
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241

=0.892,n=10,df =1, F=0.019), A, B, CZN X DX & D
HEEEEKT 2L, KRB (0.5Wm2) O} Tk, BX (83
k) & CKX (624 fHMK) 1T, KBMHEKXDO AKX (16 +3 {4
&) 2% < (one-way ANOVA, P <0.05, n=5,df =2, F=8.692;
Tukey-Kramer test, P < 0.05), #f (0.5Wm?) O¥TH BKX
(3 x1ffk) & CKX (10 £ 3fHf{K) 2 ~, AKX (17 = 4 f#
&) 2% < (one-way ANOVA, P<0.05 n=5,df =2, F=30.546;
Tukey-Kramer test, P < 0.05), =% LL b o & {K 25 )¢ B4 5812 4
L, £/, A (0.5Wm?) OXTIEBKX (41 #IK)
MmO AKX (14+£5f{K) & CKX (12+5fH{k) 2% <
sy 4 L 7= (one-way ANOVA, P < 0.05, n =5, df = 2, F = 6.813;

Tukey-Kramer test, P <0.05), flt 5 T, BHf (0.5Wm?2) ®J}T

X 3 XEIZHMmLIEMERICAHEZILEN > 72 (one-way
ANOVA, P =0.103, n=5,df = 2, F = 2.758, Fig. 3a), L2 L, <Figs

R 2 2.0Wm?iZ BiF S, RMEE LT OO X
B ICZ < OFEPBE L, KEOMMBICHEL TWD 0N 8 E
S (Fig.3b), (R TFTTHL 77 I 70, BX (73 1K)
N, AKX (13+£3 1K) LU CKX (10+3 fH{K) T 3~6
HEIEFEZSBEH L, KffomimlCWHET L8P N AL
(Fig. 3c),

~vZu—=7 VT 4y Va2 FROBFEETE FHLN LS

MCTEELET AT ITOHRIT,KETIT 3£3FAEKT -7 (Fig.

4), XRHE X TlTAa® (151 fHEK), F6 (13 £2 fHiK), K
B (92 fH{K) DIAEE 2V, Z2WRET L LEHEID L EMEK
N 3~5fZIC# ML, BEKEIRAARICHAAED TN 1.7

10

{ Fig.4
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248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

% % < (one-way ANOVA, P < 0.05, n =3-5,df =3, F = 16.716;
Tukey-Kramer test, P < 0.05), F@ Lt THREAN LV EBHRL X
K bEHPAALREZ, FALEAGK TIX, FRIFEFIZWVWSD

171

TNATITICEBHEITHAERLEZOICX L, RABXTEMFHEITT
NT I T NEBHEAEREHICVWDIICH EDLLT, BEHEZ L2
Gahbole, FRIZTETOXRREX T, XRHFHH (BX) T
DEMNPZLL, ARBIY CXToEMIDRNo72 (AR,
one-way ANOVA, P < 0.05, n =3, df =2, F =9.824; & f©, one-
way ANOVA, P < 0.05, n =3, df = 2, F = 18.902; /% {4, one-way
ANOVA, P <0.05,n=3,df =2, F =46.500; Tukey-Kramer test, P

< 0.05, Fig.5).

- 3

~vrZua—7 XV 74y vaffADONRKEME

vy rm—7 XV T4y vafrfIbREICELT, Ha
(470 nm), # f (525nm), 7€ (660nm) B X U A& (460,
570 nm) ® LED J6ICIED N EM 2 L7z, Alietal. (1988a, b)
X, REOZRH 7 A% O WK ITEEIC 8K & EHAs X< RE
LTk, 3HMIFMIIKALENERETET RN DD, #HEIK
D FEEEMBRIIEEN TH L, MBS ARSI~ Y E
BEREZMELTWVWDIEHEHLTVWEZ G, KFETHWE
FRIEEZEmMmTEDrLEEILOLN D,

K. marmoratus |~ > 7 v — 7 k244 L THE Y (Turner et al.
1992), KFEOAEABHIZ L > TIE, WO TSN FR L O®FER
EOKBEEBHIZEID, KESLE S Vo LBREN KX AT

11

< Fig.5
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284
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291

% (Frick and Wright 2002), BRE2XA RS ZLH T 5 & KPP o
= b A1+ %5 (Loew and McFarland 1990; Horodysky et al.
2008), 72, KH TONHEEITIAKKRIZELY RE RV, Bl
BRI THREDWEINZS FETLOHAKBTIE, 6 ~KRED
BHEEOXDZMEFEIIZEZ < 7225 (Jerlov1968), — 4, ih/Fl T
FTEREDOEMIC L VA R BERPIEMLL, EIZH KA (500nm)
DN L, A TIEE @A (470~480nm) OEER O KN L
< fF#1E ¥ % (Loew and McFarland 1990; Cohen and Forward 2002),
WARKEBANBBELVAI I vy 7B —TRICEARET S~ 7
—7 XV T4y vald, SEITFEFRERALOTTEEL T
HEHHEIND, ZOZ LD, v a—T XU T 4w
2fFFRIFAERRICIEISE T 2O BEBEVWEEO N Z2&LE L 2 &
WATETH Y, SHIFERICHVERETOHE EICX L TIE®NgE
Pz R Ll b HEI N D, HME OEWIIF RO EMNEICEE
hH 2 %208 (/i 1978; Gehrke 1994; Marchesan et al. 2005),
0.5 Wm? & 20Wm?2THEBELEANETITAEZTREBS
hWighote, L2L, PEROHEKAEZ ST AAL RIEE OR
BT 20Wm 2T 5 &t B~ 0w £ R R 1.1-1.2 %
CHM L7, 20X Hic, REROEMEZMD 5 & HITHE=Z
LB A N4 % F B X European seabass TH MR &L T W 5
(Marchesan et al. 2005), Jc4TWFJE THEMRICER KN T D
FHEIC 10 FLU EOEND o H AT o 2 (Gehrke
1994; JNiE & 2008), NI 452N H 55K T Lz AK
MR TH, v 7 —=7 -F V7 4y vaffAOEMITRR

LHEMMAAHELNTZ, ZTA6DZ ENE, HBEICEEIZE X

12
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WEBZHOLNZT AL, LVMVWERE CHRESEIZS
AOWBERBT LI LENRLETHDL EEXILND,
TNTIT ONEME
TNANTITO) =7V 7 AGAEIFTOSWM?2TIE, FALKRA
DOIEE VR COHRRFHICHEEL L, BA LKA TITAED
ORI M4 L 72, ABFZE T A\ 72 Artemia franciscana & [\ & @
A.salina® / — 7 U U 24 AT HEERE OBV IE O G E MR
FTZEWMESIATHDLD A (RE - KMEAE 1980), AHBFJE TIE
EEREOHRG LED MO KHHFICOLER T 20088 RS
o I HI0, MHBEL 20 Wm2IZLELHAE D 2K E TAKME
OEMEIZHEL, SERXOBERTLRKOMEPBEI N,
LED MR HEKEANDO T V7 I 7 oMic b 2 588 %~
EBRTIX, A, §, R LEDBBH T T, BENZEAL TAKME
OEEMmMIZIH > Tk L, KENEZBET21TH P HR I LTV
% (Villamizar et al. 2011), Z DO Z &b, HEMEIK TCIEHEL
TR O EEE IC I » Tl vk 3 247 8 0 8 1K [ £ o £82 ik 1] 301
FU0, EMIVIIMIIEETLIHEIRSENTL EHERE SN
AR
v m—=7 XV T4y VafFROBEEHTH

~rvsu—=7 %V T 4y vaffAOT VT I T EEHLETE
KE (FRE) CHNEER O (460nm) 2z A BB L OHE
BE (F6) O LED X T, ZICHRFEH TEEL T,
FRFIASRERBRICHNVZEZ2TOoORERICEEEEZRL, T T
T O HEERTCEEI RN o EDG, KR HE O
EREABEHEOEVWICEREZ E 21 LEE 212 0,
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FROBMITH I, IRICL2BB0oBRENEETHY
(Blaxter, 1969), M 2N EEE & Ha 5 MERIT, AL HFRO =
YRFIZ7ADM, ARERBOBIONRNICEELZZ T L ERERIN
T\ % (Utne-Palm 1999; Huse and Fiksen 2010),
MEFAROMEEMIBIZ D 2 EFEEORMEKRIT, F Ak
B oM E N % v (Brittetal. 2001), £/, W UMAETHFMA
(3R D R = ME A R L 1T R 22 U, Shand et al. (2008) I
Southern black bream Acanthopagrus butcheri @ {+ £ #1 T % ik &
CHRNFEERIVOHEAEMB O ERNZ W & 2R L
TV, FRPICEEROEZA K ZRE >0IL, AL 228
W7o bkl TEMNT IO TE R LEMS N
TWw 2% (Brittetal.2001), ZhbDZ &b, v 7 u—7 -
¥V 74y vadDffFficonTd, BEE (460nm) % & & M
i LED 83 L O H & 0¥ (470nm) % £ E & 3 5 F @ LED @
EENTFTTIE, 7Aor753I70ary I AR ERLEZ &ET,
FREITATITOMBMBEELS TR, REER O (660nm)
FERE LT LOHRE LED WHAABHELIZ T LB ZXLDLN
L, G T, v rm—7 X%V T4y vaffRAROMETH D
A IAXYARY L, KW TRAEE LR RE O HEE TA
i LRERICA, §F, MBXICEDEHZRT Z LG
(Kimetal 2014), P~KEEONZMH VWL Z & T, BEED
FRICEYV~rv 7 a—7 %V 7 4 v affrfaoE g E N
M3 2 EEbEALbOND, AWET, v 7 r—7 %17
A4y v a IS RE 05 20 Wm?2oHF, B, K, AAED

ERRICEOHELRZ TR T I ERXABEMFROERZT VT I
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342 T L LA, BHLRELZGDICE, BEIZL R HER
343 OHBELHA® LED M AH WD Z LER@EUTHD Z NP L
344 NI o lz, HMEEONXEEEHEHOEKLII OV TIE, a3 ¥ 7
345 (Downing and Litvak 2001) <°> European seabass (Villamizar et
346 al. 2011) Ofrf %, HFA LEDHH T CEHEN/IERICR D Z &
347 PHEINTWD, 2F V0, WELAOMEEE T, fFRAH O
348 fFBICIHFEKEEORZTH WD Z & T, BEHENHE X EKE O M
349 LB IUVBRHBLREELIBFOLAD AL D,

350 AlE, BMHARE 0SS Wm2ATHAOEBHMERELB I > TE
351 H 7, XMENBHIZHEZLZ2RZEBIZOWVWTEHHITHWRWEZD
352 WEICHMALREBECOVWTERIA TE o, L2L, K
353 WD LS hEMoBlETII R, RHOBETIX, #1414
354 I U HXITRZA A3 Y S Salmo salar (Tt F THEKE D
355 FH Ak 23k #E = v (Vera and Migaud 2009), European seabass @ {+
356 MAIXAHENE L D (Johnson and Katavic 1984) . #8 & o fh (2 /it
357 ORMEKRLAZTABMAEALCEY, AV X2 ELHZID
358 (M4 1986), MREBICI D NZHFITMFHABOITEHICEE %
359 L5 2584625V (Yoshizawa and Jeffery 2008), v~ > 7/ 1 — 7 -
360 F U 74 v v affAICHOWVWTHEE 10 HEEORKE O & TR
361 REOXZRERMEIIDILL TWDZEE (Alietal 1988b), %k
362 WEOEVWHAMBRRERKIZLIIEZTRFIZIVITEHICEREZ 5 X
363 AEMLHL, A%, KEEOEWVWHARREZEL TITHON
364 W RV AL EDIISICHERT IR T2 2L EET
365 H 5, £, A LED N T~ Y W UHMAORENRIEINLD D
366 X, MOV EMICE T LIANSWREMBEREZAMBM L &N
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367 HEKTH D L OWE (Takahashi et al. 2016) & & 5, i £
368 &L o THHNMALNXER - MEZHSNIT2I2E, THZT
369 Tid <Mk, PEBIOCAHOBAP»PLLERTILEND
370 %,

371 EH

372 By EECADREFHEZRIET 22010, LEE L EO®
373 S~ v/ m—7 XV T4y vafffAodiEn LEEIZER
374 L HEIZHOWVWTH (V—7 KK 470nm), # (525nm), & (660
375 nm), A (460, 570 nm) @ 4 4 ® LED R 2 H v T~ 7=,
376 ~ v/ m—7 XV T 4 v vaffAEBREREICILT, 2T
377 ONXERICEDORREMEE R LE, FTRAODERTHL T VT IT
378 XK O RICHEE T DM A B B AT, AT 0 BT R A
379 WHARABKR T TCELI Rolcl b, BEEIVOXEZEE
380 WCHW2HZ T, RIFZ2EEZHONLI RN H D,

381

382 Hf#F

383 AMIE D — X, BUHEE - SIP (BRIKKW A/ X— 3 > Al
384 T m U T L) WHMRBEWRKEZZRAGE KN T7 7 b E I E %
385 JHWIEERMHAKEYWOBBAMEREKRE ] OIS LD £ sShl,
386

387 IUER
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Fig.1. Experimental design for phototaxis and feeding behavior

analysis. (a) Dark adaptation, test organism were introduced
into the middle part (B part) of experimental vessel for 5
min. (b) Removal of partitions, illumination using a LED
bulb for 5 min and observed by CCD camera. (c) Counting
of distributed Artemia nauplii. (d) Dark adaptation, Artemia
nauplii and mangrove killifish larvae were introduced into
the A and C part of experimental vessel for 5 min. (e)
Removal of partitions, illumination using a LED bulb for 5

min and observed feeding number by CCD camera.

Fig.2. Staying duration (sec) of mangrove killifish larva under LED

lights. The abbreviations (W, B, G, R) present white (460,
570 nm), blue (470 nm), green (525 nm) and red light (660
nm) wavelengths, respectively. Error bars indicate standard
deviations (n = 10~20) and different letters indicate
significant differences between the light wavelengths (a>b,

Tukey-Kramer test, P < 0.05).

Fig.3. Distribution of Artemia nauplii under different wavelength

and intensities. The abbreviations (W, B, G, R) present
white (460, 570 nm), blue (470 nm), green (525 nm) and red
light (660 nm) wavelengths, respectively: (a) 0.5 W m~2, (b)
2.0 W m-2, (c) darkness. Error bars and different letters
indicate standard deviations (n = 5-10) and significant

differences (a>b>c, Tukey-Kramer test, P < 0.05).
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Fig.4. Numbers of Artemia nauplii ingested by mangrove killifish

larvae. The abbreviations (W, B, R) present white, blue and
red light wavelengths. Error bars and different letters
indicate standard deviations (n = 3~5) and significant

differences (a>b>c, Tukey-Kramer test, P < 0.05).

Fig.5. Numbers of Artemia nauplii ingested by a mangrove Killifish

larva at 3 partitions in an observation tank: (W) White (460,
570 nm), (B) blue (470 nm), and (R) red (660 nm) light
wavelengths at light intensities of 2.0 W m"2. Error bars
indicate standard deviations and different letters indicate
significant differences between the areas (a>b, Tukey-

Kramer test, P < 0.05, n = 3).
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Fig. 2(29024 HH-RE)
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Fig. 3(29024 FH-RE)
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Fig. 4(29024 FH-RE)
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