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Behavioral control of fish using light (A review)
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Abstract: Previous studies have reported that the use of light is effective for fishing, and specific

wavelength light and aquarium colors are effective for control maturity, growth and survival of

fish. Thus, the use of light in fishing and aquaculture has a long history. In the current study, we

reviewed previous findings regarding the relationship between fish visual function, the ocean

light environment, and responses of fish to light. We examined the effects and problems associat-

ed with the impacts of artificial light on fish behavior. The findings highlight the importance of

understanding the ecology of adult fish during development from larvae, as well as visual func-

tion, behavioral responses to light, and physiological responses of fish at each developmental

stage. Clarifying these issues is necessary for elucidating the most effective light conditions for

fishery, seed production and aquaculture.
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Table 1. List of research using light : Effect of spectrum for growth (a), survival (b), stress (c), first

feeding (d), reproduction (e), sex differentiation (f), and behavior (g).

Negative
. Recommended .
Common name  Species Reference .. influence
condiion* o
condition
Zebrafish Danio rerio VILLAMIZAR et al . (2014) a,b  blue (472 nm), Red (665 nm)
white
Goldfish Carassius auratus SONG et al . (2016) ¢ Green (530 nm) Red (620 nm)
Rainbow trout Oncorhynchus mykiss HEYDARNEJAD et al . (2013) a, ¢ Yellow (546 nm)
KARAKATSOULI et al. (2008) a, ¢ a: Red (605 nm),
c: Blue (480 nm)
Haddock Melanogrammus aeglefinus DOWNING and LITVAK (2001) d Blue (470 nm)
Medaka Oryzias latipes HAYASAKA et al. (2019) f Green (518 nm)
European Sea bass Dicentrarchus labrax VILLAMIZAR et al. (2009) a,b  Blue (463 nm) (12
hL)
Spotted sea bass  Lateolabrax maculatus HOU et al. (2019) a, ¢ Blue (460 nm) (18 Red (625 nm)
hL)
Yellowtail Amphiprion clarkii SHIN et al. (2011) ¢, (2012) a Blue (450 nm), Red (630 nm)
clownfish green (530 nm)
Nile tilapia Oreochromis niloticus VOLPATO and BARRETO (2001) Blue (cellophane)
¢; VOLPATO et al. (2004) e
ELNWISHY et al. (2012) a
Texas cichlid Herichthys cyanoguttatus MONTAJAMI et al. (2012) a, b White
Sandfish Arctoscopus japonicus KAWAMURA et al. (2010) a, b in Blue (470 nm)
Japanese
Pacific bluefin Thunnus orientalis TSUTSUMI et al. (2014) a, b Green (520 nm), Red (630 nm)
tuna white
Japanese flounder Paralichthys olivaceus ISHIDA et al. (1973) a in Blue, green

Spotted halibut,  Verasper variegatus,
Japanese flounder, Paralichthys olivaceus,
slime flounder Microstomus achne

Barfin flounder  Verasper moseri

Spotted halibut  Verasper variegatus,
Japanese flounder Paralichthys olivaceus

Marbled flounder Pseudopleuronectes yokohamae

Senegal sole Solea senegalensis

Japanese

SHIMIZU (2015) a, b in Japanese

YAMANOME et al . (2009) a
TAKAHASHI et al . (2016) a

SHIMIZU et al. (2019) a

UEKI et al. (2019) a, &, SHIBATA
etal.(2019) ¢ in Japanese

BLANCO-VIVES et al. (2010) a

Blue (464 nm), blue-
green (497 nm),
green (518 nm)

Green (filter)
Green (518 nm)

Green (518 nm)

Green (525 nm)

Blue (435-500
nm) (12 hL)

Red (635 nm)

Red (filter)
Red (635 nm)

Red (655 nm)

*When there was a plurality of light conditions, all conditions were described in one condition.

Photoperiod (light : dark;12 : 12 [12 hL])
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Table 2. List of research using light: Effect of photoperiod for growth (a), survival (b), viability

(b"), sexual cycle control (c), swimbladder inflation (d), first feeding (e) and aversion

behavior (f). Effect of light intensity for growth (g), survival (h), swimbladder inflation
(i), behavior (j) and first feeding (k).

Negative
. Recommended .
Common name  Species Reference . influence
condiion .
condition
American eel Anguilla rostrata PATRICK ef al. (1982) f Intermittent light
Carp Cyprinus carpio KUROKI and NAKAUMA Intermittent light
(1953) fin Japanese
Carp, brown Cyprinus carpio, KIM and MANDRAK (2017) f Intermittent light
bullhead, Ameiurus nebulosus,
largemouth bass Micropterus salmoides
Matrinxa Brycon amazonicus MULLER et al . (2019) g, h, j 20 Ix
Coho salmon  Oncorhynchus kisutch MACQUARRIE et al. (1978) ¢ Photoperiod change
Atlantic salmon  Salmo salar IMSLAND et al. (2014) a,c 24 hL
Coho and Oncorhynchus kisutch, NEMETH and ANDERSON Intermittent light
chinook salmon Oncorhynchus tshawytscha (1992) f
Atlantic cod Gadus morhua IMSLAND et al. (2007) a 24 hL
PUVANENDRAN and BROWN 2400 1x (24 hL)
(2002) g, h
Haddock Melanogrammus aeglefinus DOWNING and LITVAK (1999) g 110 Ix
DOWNING and LITVAK (2001) k1.8 ymol m™s™’
Pike silverside ~ Chirostoma estor MARTINEZ-CHAVEZ et al. 24 hL
(2014) a
European sea bas Dicentrarchus labrax CARRILLO et al. (1989) 15-24 hL
¢ (15h); BEGTASHI et al.
VILLAMIZAR et al. (2009)a,b 12 hL (463 nm) 24 hL
Striped bass Morone saxatilis MARTIN-ROBICHAUD and 8 hL
PETERSON (1998) d
Australian bass  Macquaria novemaculeata  BATTAGLENE and TALBOT 0 hL 24 hL
(1990) d
Barramundi Lates calcarifer FERMIN and SERONAY (1997) 300 Ix
g h
Coral trout Plectropomus leopardus YOSEDA et al. (2003) b, e in 24 hL
Japanese
Sevenband Epinephelus septemfasciatus TERUYA et al. (2008) a, b, e 24 hL
grouper in Japanese
Green sunfish  Lepomis cyanellus GROSS et al. (1965) a 16 hL
European perch  Perca fluviatilis TAMAZOUZT et al. (2000) g,h 800 Ix (g), 250 Ix
()
Yellow perch  Perca flavescens HINSHAW (1985) g, h 205 Ix
Greater amberjac Seriola dumerili HIRATA et al . (2009) a, b, d, e 18 hL 0 hL

in Japanese
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Yellowtail Seriola quinqueradiata
Japanese jack  Trachurus japonicus
mackerel

KOIKE (1985) fin
Japanese ; KOIKE and

TAKAHASHI (1978) f in Japanese Intermittent light

Intermittent light

MATSUIKE (1987,1988) f;
KOIKE ef al. (1991) f; AN and
ARIMOTO (1994) f in Japanese

Red sea bream  Pagrus major

MATSUMOTO et al . (2005) £

BISWAS et al. (2005) a

16 hL, 24 hL

Intermittent light

in Japanese

Striped trumpeter Latris lineata

Goldlined Siganus guttatus
spinefoot b, e
Bigeye tuna, Thunnus obesus,

skipjack tuna  Katsuwonus pelamis

TROTTER ef al . (2003) b

DURAY and KOHNO (1988) a,

OSHIMA et al. (2019) £

18 hL (4 pmol m s ™)
24 hL

Intermittent light

Atlantic halibut Hippoglossus hippoglossus SIMENSEN et al. (2000) a 24 hL
Greenback Rhombosolea tapirina HART et al. (1996) a, b 18-24 hL (a) 0 hL (b)
flounder
Senegal sole Solea senegalensis BLANCO-VIVES et al. (2010)a 12 hL (blue) 0 hL, 24 hL
Tiger puffer Takifugu rubripes HATANAKA et al. (1997) g, 1000 Ix

in Japanese
Obscure puffer  Takifugu obscurus SHI et al. (2010) a, b 24 hL

*When there was a plurality of light conditions, all conditions were described in one condition.
*Photoperiod (light : dark; 24 : 0 [24 hL], 18 : 6 [18 hL], 12 : 12 [12 hL], 0 : 24 [0 hL])

(Table 1o % 72, FR&GIIHAOE LML
(DOWNING and LiTvak, 2001), Mh#m#t (Havasaka
etal,2019) \CHHEEG 2L EPREINT
Wb,

BRI R IR SN2 AT MLk,
AERBED BRI BELONLZMEIN2DH S
(VILLAMIZAR et al., 2009 ; #&KIZA, 2013 %5), 4%
AR RE SR ET L0 T,
Y B g AT ORI RY A D U, BTN
FE LB I NG, OB ED
BEEZRETZAHDZALIIONT, VI T
Verasper moseri (TAKAHASHI ef al., 2016), R
L 4 Verasper variegatus, (SHIMIZU et al., 2019) C,
% (518 nm) OB X T = VEHFERIVE ¥
(MCH) SFIZ/ERL, #RNICKERET S L
EENTWD,

=77, POKETIEH RS C R R A A

HBohnTnd, #MLEERTH L=< X Onco-
rhynchus mykiss T, ¥ (3 9% &; 546 nm,
HEYDARNEJAD et al, 2013) B X V7% (605 nm,
KARAKATSOULI ef al., 2008) THRIEMRMEIWIFS
HIEDNHEINTWS, MUAHTH-TLA
MRBWEPREDERE o2 EIZDWTIE,
fit S D IR FE AT 32.27¢ (HEYDARNEJAD ef al,
2013) B X 1 145.3g (KARAKATSOULI et al., 2008)
ERBEDZENS, BEICHE) HREOEIC X
LUEEEAE Z b b,

ST RSP > TEEEAEILT 5 2 &A%
LNTBY, WEAOEE, 2o, b
EWMET B0, ARBKESHEL &2 560%
vy, ol LIEMOYE, B2 3T 7B Th I
THEMMZBTL, WETL2EAELV D (E)
o TR 50 2O X ICHEIC X 2488
DOEALIE G, BBRENIZLL, ZhIis LT
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WERFEPZALT A2 e SN D, HEICX
R EOZILIC O W T ER AR ST X
% black bream Acanthopagrus butcheri (SHAND
et al, 2002) %~ W VLA Pseudopleuronectes yo-
kohamae (32H1Z72>, 2019), 75 FAEWFENFEIC
X 5= A7 (KAaSAGl et al., 2015) X° 2 T Epine-
phelus bruneus (MATSUMOTO and Ismmasmr, 2016)
FOREVH Y, REEBTHEERY T Vo
HHERNRLRL I EPREEINTNS,

KIZA B VAR ZNIHED FTEINDEEIZ O
TlR2%, flARIEZA (2019) &, ~IF LA HiM
ARG, RHRIX OREUT + HOEAT), 7% (655 nm),
# (465 nm), #k (525 nm) @ LED B F T 50
HEE LA SWIC X )28 RE2 4 L 5E
OB LEELIRL ., ToORR, &
LED 25 A A WATE 2 3P L, WMEICRIRD S
LILEMELTCVD, T2, AT LAHELD
M v F VIV, R EF OB TEME L,
AMVZAERTSELUEEIRES NI
(SHIBATA et al, 2019)o A b L ZIZH 4 56 (K
R) OFRIE, WKARLHFEKMICIELT, HX
FIIEDORRD D B & § 3%\ (Table 1),
¥ V¥ 3 Carassius auratus % I\ T H G
(e BRIX), #& (530 nm) 3B X R (620 nm) @
LED M % 4 WIS L 72 2B (Sone et al,
2016) T, HICLBMEDF A—T A ML R
ZIERNCFHM L T\ 5, MEEFEBRTIX, MED
A=V EAPLVADOREELE LTI VT VIV
B, HER LK (HoO2) MWEE, A A/78—E-3 &k
BLOWRELILK L7z TOMKRE, fRiFhoitk
I ITRTOBMEYERETK TR SN
P35, ARTIEAIIH AR Sz, T2, REEBHIC
LMD & A=V, 7A=Y A (HifaDsE)
EERTHLUBEMELEH L L E2HEL TV 5,

FRETRLZ L) ICAFOMBICERRERD
N[ T 2L, MERESCEKRRME, Z1LT
A M LVAET % EORRPBEEMICALON L, M
HOEBERBICB W OO RS 2 W I3# IR
5NN 2EEF217) L THOTERTH
D, SR OTERAEMGE S 5O THRAE OB
9B, EEAOINEDGNBLETH S,

2) J/EHA

fEANOORBEL LT, BROEEIZLS
bORTTIE AL, FHiigEo H I 02 %8
FoND, HIRBRIE T ICHBIT 58O LG
T8N, JKimSe HHREER] & v o 2B N o fp 2
RHAINZZT, K AL, B R LA
AL EOHARY ZLHFHEESND EARITH,
2013),

KR OZEAIZ L - TEW ORI 2 b3 &
B (B2, FEEHNC AT O 3 R B AT B
EFEESED) LI HIRORME, 1920 44012
BE2OHFY, 3T TILL 5 72 (HoovEr
and HUBBARD, 1937). fHHIZD W T DOHZE T,
#17= A Salvelinus fontinalis \Zxf LC, HEY
4 7 VOEALIZ X I OFHSE (Hoover, 1937 ;
HoovEr and HUBBARD, 1937), B X U5 & BIE
(HazARD and Eppy, 1951) 23t ST\ b, 15
H IR 3 % M40 ClAF 2 O RN REYN 3 5 £ 5 1
AW DBFAEST B ¥ 0 X R Sillago japonica D ¥
GEIERTI, BIREREIOZAIC X -, oS
WEHIASEEIR ) A M2 52 5 2 sl s
Twa HINEA, 1991) . G 22 ST
JA % e 9 2 S2BR T, PEURI LIS C o iR,
KA DOBAIT D53 5 (Table 2) . F 72,
W AL D T E, RSO ER T THh R,
FRClE, EopkE (B CHLTEESE
AR THEDDH S (Table 2)o FIEOMEAEIZIZ
BH & 5\ IIEE R TR D D B FH A% v (Ta-
ble 2), W12, AFRIEN Rl EIEEORERTI,
18 FEfH R 24 REMI O R HIRHA TR G OB &
DL FBINL > (Table 2)o

PR F IR S 2 WIRERI O S 12 & ) #h3
5 ER L LT, BATTAGLENE ef al. (1994) 1
ARt ® sand whiting Sillago ciliata 3% M
LU, BEZBGT 2 HEMEDSH S 2 & 2 #ist
L7z TROTTER et al. (2003) 1, WERDIHE D A3
O & >PF &M REMAREL TS, —
75, RHBEIIC XD RERERRG S5 N
X, BEEOBRSSIEART S ERREARICLEN
TWNDEBENREZ BNL, UL, tHEE
ILSETHREFICH TV EBEL 5220w ET5
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b dHH (HALLARAKER et al., 1995; PURCHASE ef
al., 2000; DownING and Litvak, 2000). Turbot
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J R DR RAI KR D 5B % T AW REVEDS D
LT ENREINT WD, JCORMHEE IR D I
NI, Kk EOMOEMAHIEFEHRT 5 2 Lovk
ETH o

LREONCRMNC X 2 5, ke 2 BRI (R
B B IS X ARERTH A, Wikt (R
) It a0 M TEEFIH LT, BHNICE
B FEEATEN RT3 2 AT E O fl#E 2 B
e L7ATE9ER S, S SELABICHLTT
b Twb (Table 2)o ~ 7 ¥ Trachurus japo-
nicus % A\ 7= Wike el 3 247 E 95T, B
WD JEII R IR, Tk % Sl R O FFAli 2347
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1987,1988; /MilE A, 1991)s F 72 A /NF Thun-
nus obesus F L ORMFED 720, Wit X
Dt & (FADs) 33ERE g~ ol #Ef7
BOWREES /RENTBY (OsHMA ef al, 2019),
Wrkeotic X 2 AT B o B A EA~ OIS H A3 AR
SNhb,

HEDLO R o XA & o THHERE
P HAFRRIERICRE CRET 5. )7, Wikt
TSR AN S A, Bl S 7o WS A DR
AFIED T RS o HifiE & Witz 3 %
OIS %25, 1TEIHIEE L THER 2=
MTHy, SHIZLoMETHRIFINLZ L%
WIFE L 72w,

3) BB (BE)

FEREIE & B IEom LS () dAEHOH
HANDBEPKE VSO EZ LRI & 08
WRBHAETL L, 1TEAEDFMITHIEROAZH
L, ZEHICHEAKLFEESE S (BLAXTER and
STAIN, 1970) Z &5, MRE DK R
TEAL T 2 e 25D 5 (PUVANENDRAN and
BrowN, 2002) o fFfIZE - T, WIRFED HHMD
KEANEY ) B2 HHEFOMEE, ZoHo

R R PEDT L EE LRI & 25 (BLAXTER
and HEeMPEL, 1963; Konno, 1998). ¥ o BH |11
W OMEE AW REE T A ML NSt 525 2
CAL, BN Lo oOLHESEEEEZ BN D,
% L OfFEIZH 0.1 Ix TEADHE & 7 5 S
fliz 4 LTwb (BLAXTER, 1986), L#»L, fff
IRAD 2 MR ERENRIETH L7200, |
FEDSE W DR R AR T R AR H B
$i6liZZ > (Table 2), EEBRTHH S 2 HED
L AXVid kR4 7228, 72 & 21E haddock Melanog-
rammus aeglefinus Tl 5 1x & 110 Ix TiZ 110 Ix
DFPEE - FEREIRCHERPBFESNL TS
(DOWNING and LITVAK, 1999), ¥ 72 striped trum-
peter Latris lineata H451% 4 ymol m? s & 40
pumol m ™2 s 'O MG D T 4 pmol m 2 57
THE# O EFEEINE W & (TROTTER ef al,
2003), Atlantic cod Gadus morhua i 300, 600,
1200, 2400 lx OFEETIE 2400 Ix Tk d K E - 4
BEHRDAR W L5 SN T % (PUVANENDRAN
and Browy, 2002) o

HDBEZ DL ERRZ T T3 R, M
M CTRELGEND L, FURFHE T T R
Paralichthys olivaceus, = LA, NNNF LA
Microstomus achne DAF-fi It ET7 (0~
22.8 ymol m™2 s 5 B E) %% 2 THmHEOLLT
THE LI 25, MERCEKRICERE 2ta i
BERIYFTLASETIASANTLADIETDH Y,
A EUKED R VAT O R R AR L 7ot E
FRPFEWI &, EETEEOEFEIIR RIS
WIRT LT 2 & S Tw s (EKIE2D,
2013)0 #1 % 7 F A4 7 ¥ Engraulis japonicus D
MLz IE, RIEAICE WY R—% A (tapetum) &
W) FIVG R SO S & B GRS ETE L B
BRI LCw5b (AWAIWANONT ef al., 2001)o 2@
CLEAYIFAT NI R=F LEH[ LGV
DI E DB R B2 RIE LT
Who ZORIE LTKRD X ) &GV H 5. I
1F3 (2016) EH & 7 F A4 72 OHERERE & JFE
WREREHIZX 2T ORBZ 1T o720 2 OfS
R, N5 FAT Y OFMTIIERD Dk, B
TIFEDL SRRIIDPIT TREDPE W E 2 52
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L7zo —7, HF&HFM LED B X 578928k
T, FAIZHFLONGICEE L7205, ARG
DWITIE L, EEAE N EH O TR A S i
NI Tk L= EATRENT. Thbb,
HRE DB WEREOGIIBEL, HaTIdE
TR DWW R ON% \HEE$ 5 IE Kt ofTEi27R S h
7ebFThHD. MDA~ OETEHZ, &
Y7 F4 7Y OWBEAEAET B ¥ X— 5 KO
LW B IS O BN O W EEME DD B LR
BN, NHWOKELEDTEHHEL AN =
AL DW= ND, ZDL I, REBES
ML > THRORRZMEOECSHEN SN L, A
N7 PVREE L & BTSN D ATEN I 2 4T
) ETEETHLEVR D,

1) XDBERE

FI A OITEN I AR TH 5 28, fMFEIC
Lo TIHIE &AL L HFICELEZ RITT
CEND B T2& I AOFIEIIIRE S 0%E
L CWBMFENL DS, B 2 73F Seriola dumer-
PRI S CIRBENIT L A EBIS SR
W (CEHIEA, 2009), European sea bass Dicen-
trachus labrax O CTIX 17 H K 24 W [ 5
TR X > THOMEREIERKOFEE X UK &
RIGELDEER X N7z (VILLAMIZAR et al., 2009) o
RYHVAMFATITEBERH TR EREI RSN
72bo0o, 2AMM EoRMBICH ) B K
35 &, FUBIEAEINT 2 2 LA ST
w5 (&K, 2015). Senegal sole Solea senegal-
ensis \LEHEH D 5V IXRERIC, £E (17 H)
FTIZFEE LT b (BLANCO-VIVES ef al, 2010)
£ H B BARES R 25D 5 HH AL v —
JT, BERIEERMICL Y B0 XD IHESR
MEREEOREEZL 5T EDBH D, T2,
PR DENT X 5 FH EBRTHRAMLO I K
B3 2 3B 037 oML 2 W RS BEE S h
Twb (Table 1) €OEKE LT, £ < DIFf
21E, ROWRIZ A, EIRTHAAHME A 2w
(BRITT et al., 2001) 7:%, fEOMERE DT,
NG DR X BRI B (TAKAHASHI ef al,,
2016) FENEZ LN 5,

Ll X5z, st a R AERRICR
& B ERITT, NEMEHE T HBRE, %
BBy, B35 HMN, SIHERESCHBSELRAM
WCEBTHUEDNEH 5.

5. fEEm

Ak, AT BARAENYE fTEIEEO
% H M h72%% DA S, LB T 55
B D5 O R CHRBEOBLEERE VW 2 IR S
n, FNDEM - ARBICKMENTEL2DHL
PIZENTze — 0, — %R BB L
Ze\ 24 R IRBH S W G o R T &, 478l )
DRRERTHEIZEZ V.

COLHITHBEREREICHIG L, #7205t
EBRIRT LI LI, ZLOMAMITBNT, 17
BHIE O R D Do FR & % B AFEOHITLEE
WL, ZolELER Lo oBIHME L
TIBHT 5 Z &id, WRMAIA LT 286
X DL SELWEEEAE WA, el Lizh &
ZFATIOBID XD, BUREE L ITESLT L
b= L WHIHFAET .

Dibrs, MSERHNAERE, FHEICHEN R
W5t 2R B 720121, FHar bl E To
FTRTCOAT—VTOERBEZHRL, A7—-V 2
ST AU, RATE), MBS AR
BWICHIRET 5 I EPRLETH 5,

B

KEgE% &) £ LD 5I2H 72 ) EVFFERHFEE
NIKBEWFFE - H0E BERE K 2E LA F FE RT3 e /il
LA RLETHEEZEY I L. SO
TROVWHEBZERLI T, 72, AWICHIEZ X
Y PR IVE LmEERR & AGH 0BT
CHFLP L R E T,

5| Ak
% k—, AICEC (1994) A RIS T AR T
TORMATE). HI/KRE, 60, 713-718.
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