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Kouki Nishidai and Atsushi Maruyama*. 2017. Interacting effects of lure color and
turbidity on foraging response by rainbow trout (Oncorhynchus mykiss). Japan. J. Ichthyol.,
64(2): 113-119.

Abstract Increased turbidity is known to affect feeding of predatory fishes through its
effect on prey color, but interactions between turbidity and prey color are not well
documented. To determine the effects of turbidity, water temperature, and illuminance on
lure color selected by rainbow trout (Oncorhynchus mykiss), investigations were conducted
in a fishing pond in Shiga Prefecture (Central Japan) for 11 days during July—October,
2016. Five fishing series with different lures were conducted on each day, eight differently
colored lures being used in random order in each series (10-min trials x 8 colors).
Generalized linear models, used to explain catch number variations per 10 min (06
individuals; Poisson distribution assumed), indicated that turbidity (1.0-13.6 NTU)
significantly influenced lure color selection by rainbow trout. Results indicated that brown
lures (followed by dark green, black, and gold lures) were most preferred in low turbidity,
but least preferred when turbidity was high. In contrast, lures with a greater reflection
intensity [pink, orange, and karashi (mustard yellow)] were moderately preferred,
regardless of turbidity. Illuminance (1.2 x 10>-2.9 x 10° lux) and water temperature (15.2—
25.5°C) did not affect lure color selected by rainbow trout, but both parameters negatively
impacted the number of individuals captured per 10 min. The findings highlighted the
importance of environmental conditions (particularly turbidity) on prey preference by
predatory fishes.

*Corresponding author: Faculty of Science and Technology, Ryukoku University, Seta-Oe,
Otsu City, Shiga 520-2194, Japan (E-mail:maruyama@rins.ryukoku.ac jp)

HoEE LR, EHRABEOKTRED
7 EENRZE, HEYRIEREOHEENS
FEBILEL-T, ZLOKEEMICEERZRIETC
ERMBENS (Henley et al., 2000). #HEICHE-> T
BETIABEICBVTIE, BELRICX> THE
ISERTERICRDZENMMEENTZ . FlZ
R, FARZTBOMCERT STV I
b Salmo trutta O 6 FER D BMAE T, BED
ERICH > TRESECPEATYOSRENE L <
B U 7z (Stuart-Smith et al,, 2004). H 7 % X
Salvelinus fontinalis ¥ =< A Oncorhynchus mykiss
TH, RAZRHWEATIKETODERT, BEK

KXo TEELIERTZC L, BER ETB LHIC
KIS 2N EL ol &, KIGEMETL
J=C EHBME TN TS (Gradall and Swenson,
1982 ; Barrett et al., 1992 ; Sweka and Hartman,
2001). FHORENED OFEZZITICSVHEA
RTZUI NUBAZRITE, AE-RICEED
FRIIEHOKEAMBICADHEREZ B LEZD
N T3 (Utne-Palm, 2002 ; Rowe et al., 2003).
IKBOBEE LR, HORRMEREZETEIES
DHEHT, BHORHMLLTIICLEETS
(Seehausen et al., 1997). T hik, KEEDO/KFT
BEEEDHEERBELTICHESETHIN, &
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BEOKDTIEREDNIIREBR FICHREN
TEHELETREECLWESDTH S (Horne and
Goldman, 1994). HEIEFICE T S AHOEEH
i, U ARUBBLUOHROSEOfE ()
i, 1968), RMBHHEEOEMMROE (G - &5,
1971), HEAEE DM (Kamakura etal., 1996) 7 &,
REOBMRERICHET ZRENZHDHE L
MoEHENS. XDEENICIE, SOFENE=
URACHBETEREECAERBLDOV TR

FBKZVEAEFEFT S & (Ginetz and Larkin,
1973), A X3 Lateolabrax japonicus BN EE L D
AV M SARBPRENEDOLV T —BREIFT S L
& (FARED, 2000, HTITHEICK > TEERN
KRENTVS. #oT, BRKFRICBNTER
EHRELBILT BT LEELLLE LNEVH,
BERBEMNE(LTEC LIcE > TREAICHL
LTHRAINRTVWENELT S aJREMIE T2
EZbN5.

ZZTAMETIE, BHEDLLIEREDOENVIC
Lo THEBNABEDRICH T ARELENLED X
SWIELT ZHhEHELNMCT B2, ZIRAE
MRV T — (BEES) DI K B MEEZTT > 2.
BEREICBNTE, BRX>THRDOLWLT—f
BEEZEEDLNBCEDHDIN, F—RRED
AR ARREEFIIEFR S N5 (MAEH, 200D).
REZGOZ L AHERAROBETHOR
b2 ZEMNICBET 3 T i, HoPBEBAOYE
EEDBC BN EHEFEINS.

MHE & B E

WHRELFAEFEM HARMRO=ITARZ, L7
AVAFREBIUCALF vy HELEBREONRY
BAamEtdhy, BN TS E LTAKDEY,
—7, ROV T RAEHL OHEHEXER - B
Bz 5%, JEBOHRAENHERE
#1% (Taniguchi et al,, 2000 ; A, 2002 ; Nomoto et
al, 2010 ; TH, 2012). BRATIRE, HIIRIEY 5
HMNEELRICX>TEHLS BRSBTS (Barett
etal, 1992), HHELHZBETHNIRECERE
N3 LhfEEINS. AL, SOEINEZHE
ERELIAEROLEDIVFSAIAKREZNE
NDEFMEZETR LT EX® (Ginetz and Larkin,
1973), % (BEFHEES) Z2E DT L AMHE
KRBT 2BHEILIDEMNIONT
W5 Z Eh 5 (Hawryshyn and Harosi, 1994), L7 —
BOFEGFEZRAETZ2OICELIZAETEHS.

AZEE, WEEREROMAKERALY Z—)
7—7 14—V FOEEHE T5 1 R F1(352796°N,
135.8458°E) TIT-7z. ¥iARERALY 22— FAE)
&b, MMOKEIRKTE 20mfEL &KL,
VT —DEITIEEIZETH S 0.5-1.0 m HEICRRE
BEBE/EZN. O LiF, BERKEX->TRA
FWEDLBNT —DOEITERENHIRICKIELS B
HEER/IMETZRLEZ N, AMOERERE
#4000 m* TH Y, B 10t (S FHEEHES)
DZIIADRBIRENTV S, BRI SR EOR
HERRL Y MEEZTHEESNTVSD, BK
BEBEITDODATORY., T TRy
YADLEIZ 2080 cm TH D, 80% DEMAKIE 20-
40 cm DFFICINE 5. D ELORBICIMA, BW
KX BEELLEHERE NS, BIRENCH
Vi ek 11T O

B FELT—B FAER, 2016FET7TAND
I0AETONH, SREBOTRENDL 18ED
M CSME) o Bl fTh iz, BIBUROEER BT
57z, HEHRBEDOZ W RHZBIFTREL
fe. WEOHG TR, BRBEHKELTELT,
GEEDRFE ORI ORIRICHET 5 C Lidx.
20, FAEHARBBRICEIC =Y ADIVT —
PIDICHHLTVWREZEE LA (K OHD, B
WKRELE Sy 2 BEAIKED BB To 2.
BlE—OBEEFERAL, VM) —7XE—-FiZ
60 cm/sec (ERY U — )V 1 BIERFY), L7 — D%
THRER 0SS mfhaici— L7z, W7 —IKidAY
LAAR—15g (/) ZRHV, Bihd386
EROWE., SEOILVT—% 10 39 DERITET T,
10BNV AEES (R 28
Uz, 100X 86 (80 Z1HAI1LELT,
HERCLICIOBRBITS Y 7V (40043) %M
U, stV 7—OfFRIEX, Y17 EIcE
VEAIZEBR L. 850 BIF7=AIEEECHRF L=
o, WEMEEE 5 FEEK) & EREAE 473
k) Lottgh s, FEBEERIBUTHNIHRE
BHTENEEZONS.

FRBICHWELT -G, —&iC4 24T
B SN T3 Area basic color (ABC) 12 5,
4 RALT R BDIBEAL. TxbB, KRR
D I3— (018) Ld—)V K (028), 7¥E¥—)
ROV (038), ALY (058), X—UFHD
TouY (108), F—rFU—> (118), A#%H
DAY (098), 7wy (128) THB. Th
58D T —ITDWT, /INUT 7 A IN=H2E5
Y6 98 (USB 2000+, Ocean Optics) Z WV T E
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Fig. 1. Fishing lures used in the study (left to right):
black, gold, dark-green, brown, silver, karashi (mustard
yellow), pink, and orange (upper) and their reflection
spectra (lower).

400-800 nm DK Hf AT bV 7EETz (Fig. ). T
D, H—D/Nna s ¥ (HL-2000, Ocean
Optics) ZHW TN SRR L, T 7
AN=F)N T —HMIEEETETFHAILE. T
SRR, BEATEER 0, MATROMEHE AR
VYDRSE 100 & UTKERZFIT 5. Kot
ART MBS B KFRORKEZZIVT —D
BARSREER L. RAKERE, T7E—
WRI DXLV Y, EVTIRBOVWTREL, [F—
IR DTSy, B=0T7)—=2TIE/NEho
fe. THHEER], THEIRFR) VT —DRARKRIRIC
BIGE L ZEEIER SN o Tz, mAKSEDN
RKEROCORFNRKICKERZ DI, BUTHKEE
600 nm L, L OEFEMICENTTH > T,

#]o AW ITL T, HOBORXR VX v b1 —
(UA-002-08, Onset) Z MW TEREDKIE & IRE
Z10 B EICEERL, WEEF (TN-100IR, Eutech
Instruments) &AW T 1 HIC 1 [A] 12 FREICEE 7%

WE Uz, A EZ(EDEED NI BRI I
g zfT e LED, | HOPTAZ
AL E Ckh oz, JHEHMF, X
12 % 10-2.9 x 10’ (6.6 x 10* & 6.6 x 10*, P31 4Z
HEF ) Ix, KR 152255 (19.7 £ 2.8) °C,
13 1.0-13.6 (5.0 £3.9) NTU (Nephelometric
Turbidity Unit) T&H - 7z.

F—2BIF 109N = V< 2Dk
BEHRLERL, K7V UOMHICKRED & O
FEWE (DBUST A—%2—11.09). HRZH
FHEAZ R, VT — B FIAZSICET 4 DDO—%
b7V (GLM) Zltigd 2 & THREZ
MR U7z, 4DDGLM &iF, L7 —f (8 EFE)
DHTHHTBZETIV L, VT —taLBEERH
TEHTHAST 2 ET )V 2, V7 —fE/KIEERH
B THIATZETIV3, V7 —HLEELERH
ERTHHT Z2ETIV4THS (Table 1). HE
CREICIA TKEZHAZE L LizDid, MR
AU AILBOTKRE BREDOBGRZ BT %
FATFE N H 5 72 & T & % (Tsin and Beatty,
1977). ABEHBRXURLOZEE, FADOED
W7 — B THEFEC RS X IGRAB Lo, i
HZEBICINZ otz IXRTDHOGLM DY V7
BB Uz, B 7L O LRI 7R R A
#e (AIC) IC&X > Tirot. AlCE/NEE-TE
TV 4 THRLNVT —HEOBEOFRE GBE
ZALDFIRANDFZEDIEEE) MV T —&BOmK
KSR EBZRT B0 ED, AE T OIENFHBE
BEIC K> THAEL 72, &3, AWFEORSRAE
KOO ALy hTEEIN TV,
To0 O T I TR LIS D R
BNl E5%. 22T, AT VOIERAEMAFR
BIC K BHGEE, 28 ATOMTDIED, #HIHE
K5 Z IR EEEOBTH S5O EFRNALET6
DHTOMRMEITo T2, TRNTORFMERE, R
3.2.2 (http://www.R-project.org) ZFHWTiTo 7z .

L 3

WEREERETHER R QoM THNTE
ZURADMAEED 1F o6 ETH D (Fig 2),
®EZ DA TEHNT AT v 2 FEEDF
DUTRTH-7. Thbb, RAPRIIILVT—H
DOBEIC K BRABUCE LMo 7z, 440 ] (8
Bxs¥ 4 7L x11 H) ORITT, FF473 k%
#2o EiTe.

PR E AT 5 4 DD GLM D AIC Z [t L 7z
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Table 1. Coefficients in the four generalized linear models (Models 1-4) to explain individual numbers of rainbow trout

captured per 10 min

Independent variable Model 1 Model 2 Model 3 Model 4
Intercept! 0.15+0.13 0.43 +0.17 0.35+0.94 0.75+0.19
Lure color
GOLD 0.13+£0.17 0.15£0.23 0.98+1.28 -0.07 £0.26
DARK-GREEN -0.10+0.18 —0.03+0.25 -0.42 £ 1.37 0.17+0.28
BROWN -0.03+0.18 -0.18+£0.25 -1.05+1.32 0.63 £0.28
SILVER -0.15+0.19 —0.07+0.25 -0.38 +1.39 -0.25+0.28
KARASHI 0.06+0.18 0.14+£0.24 -0.97 +1.30 -0.39+0.27
PINK -0.34+0.20 —0.40 £ 0.27 -1.60 = 1.42 -0.87 £ 0.31
ORANGE -0.15+0.19 -0.02+0.25 -1.80+1.35 -0.76 £ 0.29
I[lluminance (x10° lux) — —4.91 +2.39 — —
Temperature (°C) — — -0.18 £ 0.05 —
Turbidity (NTU) — — — —0.14 + 0.04
Interaction effect of lure color and another factor?
GOLD — =031 +3.39 0.06 +0.07 0.06 +0.06
DARK-GREEN — —1.49+3.59 —-0.02 +0.07 -0.09 £ 0.07
BROWN — 2.76 £3.21 —0.05+0.07 —0.26 + 0.09
SILVER — —1.85+3.68 0.01 £0.07 0.03+0.06
KARASHI - —1.59+3.45 0.06 +0.07 0.12 £ 0.05
PINK —- 1.20+3.58 0.07+0.08 0.13 £ 0.06
ORANGE — -2.93 +3.79 0.09 +0.07 0.15+0.06
AIC 1238 1208 1192 1145

"Lure color BLACK. *Illuminance (Model 2), temperature (Model 3), and turbidity (Model 4). Positive and negative coefficient
values for interaction effects indicate increased and decreased negative effects of another factors, respectively. Bold font indicates

statistically significant (P < 0.05).

LT A, VT DI EFIAZEE L T 5 GLM (£
TV D) IEBRAD AIC BFH, V7 —tALEEL
REEAZHAZBICED GIM (£E7V4) D
AIC BE/NTH BT Vo iz (Table 1).
WEZHAZEICEE RV GLM (ET)L 1-3)
T, 7ov 0L LIGEE08BDORI—
ZEOBRBEIENL AR TE G-z, T4bb
BWEDOENEREAT S LV T7 —aDOHRADFE
B E N mh o . REDORR%Z I Z 7z GLM
(BT 2), KEDEEZINA T GLM (£7 )L 3)
&, FhENEELKRD, PRICHTZ2EO%
BB E N,
m/NAICE R LEGLM (BEFIV4) T, &
FolickBa8R (W) &, 7oy o el
T, 799 TKEL, ALY, EVITIHE
WZ EHRENT (Table 1, Fig. 2). WEIIHE
BEOMPRR U, BEOBHOEIX, TIv
IR LTI IV TREL, ATy, ALY,
EV o TRBRRENS Z & RENTE.
RFART MIVRARFEORE T7)L41C
BBV 7 —SZOOBEDHRE GEEZLOHR
ANDEDIRE) LIVT —BOORAKKHEED

ao.o— e ©
2 o
O _ |
E01 s s
g-o.z—
o ®
(@]
£ 0.3
()]
(@]
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4

I .I [ [ I I
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Max reflection intensity

Fig. 3. Relationship between coefficient of turbidity
(Model 4) and maximum reflection intensity (relative
value) for each color. Plotted colors indicate lure colors
(see Fig. 2).

Mcix, BMOEOBGEMNR LN (Fig. 3), &£8@
Z W T AT TR MEH 2N G BRI T iz
Mo fet (RET7 <V DOIENFHBIFREL, r=0.714,
P=0.057), mHEROEHDOETH SO EFRIL
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Fig. 2. Numbers of rainbow trout captured per 10 min using different colored lures, as a function of turbidity. Plots

jittered to minimize overlapping. Regression curves (a—i) based on Model 2 (Table 1).

72 7 DB TR LT &I 3 A REBAGRNAS
N (g=0.821, P=0.034).

= =

AWFZEIX, @R, ME, KRk EOEF0EN
&%, HEtaEo) 7 —aicnd 3 RIS
DEEEIAGMCT ST EZEHNE LTiThNE.
ARFFROFERIE, =V ZADORETENCHEVT,
WENMOB M E IR RNRELR(LETES T
EZIRTEDTHA.

WED EN D EBRN TNV T —tl, BE
MEN> THEHRBEILLEVILT —BhH D,
B L > TR T B &bz,
HWEOEREEEICHRATHZMIE, ¥—7F
RHRBE L THRFEENTWVWBHNTZEVWEDT
Holz. BELHL, KBETFTIE, BRFICFE
TEHRARN, HEIVEBEHEKICEZS5NTY
TR AR CRIFFE DA Tld 25 ) Ficfliz
BONT ="V ANHERBELTOEDME
L7z, 50, DENCH D BIF SNz
EREOMEMEE, B D@DV T —&E) =l etk
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LEEZES. —7, BENEN > TEHENTH
i@y, TE—IVR2GPAS DL S %HE
ADEDTH-Te. BEETNTE, BBETTX

CRBENEBOLT—RBBBICERENT, &
LARERTH>TE LKL HIIDBDIVT — PR
HEINRIhofzbEZILNS.

EZEE, HiDOWhENMID NI TROIERARS
Rick->TERIEL UL T A, BHEROHOE (7
FvV) ZERAN UTBHT T, RARSENED
FEEREORZENRFB I NIERNED LN,
iz, HEEDENBER UKL WVWEEEDORET
Tl (Home and Goldman, 1994), AL >, €27,
ATV ERFERANCKH AR FIVDE—
DRFDBNPRZHRLTCHO Fig D, &E
BRGTTRATER20DOLERGLE LT, &K
R$EZTTIEERLS, BREHORFARICEEH
TREFEBLS., KPOIRAPN T —Z@%E E
DEICEIMLUTVB D, KERKEDEE,
ZURADBENEZER U RBRZ U TEHE
TERENDS.

FRE, /KEDOLHITWIThEHRICADHRE
LlebUleh, Vr—l LIcBRSFRERED
Zlkrb o dRIEED SN ol Bk
i, 2V ADMABTHEERE 13-188CTH D, 22-
3 CTREBHLEL A VDN TED (KE,
1982), AMAETRONEZKBLEREZVAD
HEHEZEKTEEREEDNS. BEDO LRI,
ZURADINNT—% (BICEDH5T) ETREEY
CBEBUR T Lo AR ENEZ ENS.

ZURALEBFERF BNV —6BLE
BOXZEEMPRENEC ICKY, BEEE
Ko TKBABEROBE R EE ORERNSEINIEL
TEHARRENRBEND. R, VAT
TV FOBABRYHERADEEICISC TER
ERHEBZEFHIBMEEINTED (Rowe, 1984 ;
Stuart-Smith et al., 2004), T D& S EBEHEENR
BEhOHEYIHROENWE RMT % EDTHEVE
51, HEYEROGOEREVIC X 3ERFHROE
tRFERTHB L EZONKS. L, &
TR ERSE TIThh ez, WRADLEEE
ER T =80T AR, BENEREEZEN
BRKE L Z R A B ENENH O, MUk TIZRE
ZHEMAPEONSAREMHICHEET 20 ELNDH S
(Beukema, 1969 ; Hindar et al., 1991). %7z, T ®
HRZ I ALNOHBHEAEIC RIS 20
i, B LHBTHOBRERZER LU RIED L
BTHAS. BYEHZPEUC COKEEMSILLE

BrRETIEHNONZFEEREAEIIONT
(Shapiro and Wright, 1984 ; Carpenter et al., 1985),
REZRICHT2I0EE K DMcitigd s e
WEENS.

E | 33

WAREFRRAY Z—Icid, AEHT L IGREM
2RV, JMEERBERZOSNE ARG LICIEH
BTATTICHDZEELERE, EAKZEOT
Lei BLICE R AT MIVEIE D= DRI E
B MMM E B I CRXORES, /| LK
WWITREHREICEADA2E X2 L THWE. iz,
MERBOAORAB LB IUELEEN LI
MHEDOME DT ICBET 2ERNEE LERETE
Wz, BT 5.
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