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Abstract Animal personality, defined as consistent individual differences in behavior
across time and/or context, has been associated with individual dispersal tendencies in
some species. White-spotted char (Salvelinus leucomaenis) populations, often found in
above-dam watersheds in Japanese mountain streams, the dams preventing continuous
distribution with lower stream reaches, were subject of a behavioral study comparing
above-dam and open-stream behavior of fry. Fries were collected from an above-dam area
and two open-stream areas within the Kame River system (southern Hokkaido), and
personality quantified by measuring a suite of behaviors, such being repeated two-month
later. Above-dam fry showed a shorter swimming duration against a novel object and
mirror than open-stream fry. The latency time to catch food in above-dam fry tended to be
longer than that of the latter. Swimming duration against a novel object and mirror were
significantly correlated when data for both groups combined, but not so when data for each
group were analyzed independently. These results suggest that personality traits in white-
spotted char fry would be shaped by natural selection acting on each habitat, resulting in
differing adaptive personality traits.

*Corresponding author: Graduate School of Environmental Science, Hokkaido University,
NIOWS, Sapporo, Hokkaido 060-0810,Japan (e-mail: ryotahase344922@eis.hokudai.
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% WOITENC AL N SRR, H<hEITEIE
REZZRBNY DI D B T AL DIEHZED,
gEEsnTE /e (8, 1991 ; Gosling, 2001). IT4E,
ITEAERE AT, BIMOEBOITENCADNEME
P75 A ZE Z B OB (personality) & d7& L7zt
FNL L DEFYITITONAXIIIZH>TETNS. A
P, BERIRRIAIC K 5T, AN T—ELUITH
OEMEERETNTID (Dall et al., 2004), —H%IC,
Y2l B0 (KIEE) « Gk « B8R - 42
M - FEEIED 5 DOEMEEIC I N, WHEEn
TWw% (Réale et al, 2007). F/z, TNSOMEMEE

DORICEESH SN AHBNIITEIS > Fra—.L (behavioral
syndrome) EFHEN TS (Sih et al,, 2004). BHD
ETER TEIS > Ra—L0, WELEE (Gosling, 1998 ;
Boon et al., 2008 ; Greenberg and Holekamp, 2017), &
¥H (Dingemanse et al., 2003 ; Holtmann et al,, 2017), i
4= (Sih et al, 2003 ; Urszén et al., 2015), ffi (Coleman
and Wilson, 1998 ; Church and Grant, 2018), E H %
(Monceau et al,, 2017 ; Rudin et al., 2018) 7%EZ D7
FRCILHENTWS. flZiE, I—mEy 28—
F Perca fluviatilis 12 1%, —HBH U CTIEHFHMEDEWOE
REZ S5 THRWEENBD, Tnb Ok,
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REREIERE R, T U CHMT 2HEYICEE
WD BT EHMEETN TS (Nakayama et al.,
2017). %7z, 517 < A Salvelinus fontinalis C 3.,
Hrar R TRMHIC) 8% S ikiE, Z5 Thwv
fEARIC LENTEEBE ) MEN T AR EN T
% (White etal., 2017).

BERAFOWIE T, [MMESTEY > Fa—
LA EHEANICEZE L TWA T R
1TV % (Duckworth and Badayev, 2007 ; Cote et al.,
2010 ; Wolf and Weissling, 2012 ; Myles-Gonzalez et al.,
2015). iz X, L)V % = Sialia currucoides
T, MR IR A LTI N U T BEMICR
85 A AL, mEMEANENT ENMSENTVS
(Duckworth and Badayev, 2007). £7z, NERDO—
FET®H % Neogobius melanostomus Tl¥, FENRHS
Frer BRIRICH B F TORERIDNEV TRAEZ R,
DEEM DN E N ENEBNICKREEE N TV S
(Myles-Gonzalez et al., 2015). LA L, #0178,
Yy Ro—LEnEiEm ORI, DI hICEE
TRIEETNTWVBEDONHIRTH S (Cote et al.,
2010).

A 7 F Salvelinus leucomaenis 13t AAIC AL 4B
THWIMERETHD, —EZ2M)IITlET TR
UL )| &g e [EiE 2 R A & S 2 MO A4
1 5 % D (Yamamoto et al., 1999 ; Morita, 2001).
LB OW)ITlE, FREM & R FFTAIC A
BU (RH - £ H, 2007), KEBDAXL—HOD
FADFFRNCZ B NS TWS (LARIED,
1996 ; Yamamoto et al., 1999). 7z, TD XS EA
FEOATE AR ARERE S I, EIRTEDANTY
DRENT B 5.2 5T N HEEN TS Morita
et al., 2000 ; Morita and Yamamoto, 2002). 1 7 F &
INE TxIs E DOFEBARDOMIE 2 M |9 %5 vk 1%
EDN, ZOHENICE LRV 2720, @ikED
REGERICE > THIIDDWiE N5 &, BT
WMAHhLER LELFEANOBHIBI BTN
(Yamamoto et al., 2004). T D X 5 KIELE DL EIC
Ko TR ENTRATIAKRREZ, XADNERER L
UCRREA - BIRT A ik >THEHRLTVS GR
H « #kH, 2007)

MR BIRIC B B OTTENE, HEEE RIRSOHE
RBOGFHELEWVRICEB I 2HADITE LI B
5T ENMEBOMAETIMEEINTVS. HlZIFHE
R ERDOA T FORfE, ERTHROAROHRES
EHER LT, FRBIANGECS B EIAYELY (Morita
and Yamamoto, 2001). F 7z, HEiE FiROHEMA T,
HEERDMFAL U7 0 SR O MEFUS LTI R 72

N3 EmMMEY (LUEIED, 2019). Th 5D
e 5, R FRRiciE, BIROGFELEVY
PR SR FURICEEAT, VMR 2 I 2 ROl i
DERBHENESWEFHINS. £z, HEOME
MRS BV MmN R @A R o b N fa
ZFNoRFEYy Fa—LE L TREEhSC &
M ENS. LA L, ThFE TITHEEDEMIC
52 2%, XIS —~/KRBED/NE i i Efy
A=)V, (AMERITEIY > Fo— L4 R
EENDH DT LN DTWFRITEE S DHHISIE
DTV, F T TR, 1R EROA T F O
fBOTE E, ERENMAE LRV RIC I 2 HEf
OfFfET e b LT, (1) M@, 345bs
Ak ic—HLTEhEmsrd 500, (2) —
B U7 O TBIRNCIZAHBIRE R (T8> > Ra—
L) AEHLENEZDh, 3) ZOMEMERITEIY v
R o — LIS IZHESR O I X 2 B A BN S
O EMRET 5.

mE & A E
RELHET 208404 H1EMS 5 H8HIC
M TC, dtiEERE O S E MBI AIE T %
KEEHNETOBDTFT, 4T FOHERDOREE
1o 7 (Fig. . 8IIARRITIEER DS TRA
LTWa 7, ERICK > THREEShz—Zm (L
T, FREEEE 0 41°4472'N, 140°30'0'E) & HEIE WIFETE
U750 (B A BE © 41°44'50'N, 140°28'41'E ;
BRI B B¥ © 41°44'41'N, 140°28'58"E) Z & & L
7z (Fig. . FilEHT, JIF OO B IEN
HMESTVWREMZEXZEMTI LV, RELUH

/

Kame River

Open-stream A group

Open-stream B group

Hokkaido Is. \

Above-dam group

Em |mpassable dam

1500 m
—

Fig. 1. Location of Kame river and sampling sites.
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faz RV TF L VBOBMNNTY (BE20L0) I
WA L. BEINEMEZ, JLiE R 2R
F v VN AD S ERE T EEBREICF B RO,
5°C OEIRBICWNA LTz, BREMABUIREERET
70 fEAA, BHAY A BT 65 fE 1K, BHAL B #f T o4
KTh-ole. 1272L, TNHDOFEMAEOFITIE
B 5 JO L SO SR BRI R IS SE L U T2 A, i
TR L7 7o DI LA T ORI L >
AR ENEENS. EEICEBRICHE L7
REU BREERE T 63 {1k, BHAR A BET 60 fEl{Ak, B
B RET 63 A TH > 2.

TEIRE T, SMEAREBEHIT ST AF Y 7w
7" Q75 mD T 1 AT DOANT, FERHK T (%
W TEMEDOFHM) S TAREHID £ THE
Liz. 728, 5Dk TOERICIEKBEDF]
IR 1 em LUF) ZEDD, AR DzD
IZ, ®TCDOHy T IDFSEMF T 2. fFHM
g, 2 AIC—ET ALY RREL, 1AM,
fEKRORIED LTz, £, BIEBXUHE
BRICIZ BRI B I A T Z 7210 117K 72 5°C I 3
LThbfilEkE UTHEH Uz, HEENDESE
TR DWTIE, #EAT DRI DN TV 5 4+ 8
RSP E S REX TZHIHE L, a0 TAIHATL
TWVWBERZEHE U (120 2 12D). Z LT
TOERBEH %2 THENIC T - .

EEDFM EEOITEIEE D 5 B RO
Z il g 5 7z, LUTFD 5 DOIEH % [6—{#{k
WKDOWTHIE L. HE 1 HislRRICBH &
TeEZOBMSONE, HH 2. @K KO #H
ROISORE, HHH3 &Y AT 0H 2 RN TO
B EORE, HH 4. I 5 M6, HH 5.
FAaAPRICH T 2 K08, &3, HE 4 1 3RE%ED
fBRE, 1, 2, 3, BXU SRR ZLZMHN (K
JHE) OEEE TN TWS (Conrad et al., 2011 ;
Hojesjo et al., 2011 ; Vaz-Serrano et al., 2011 ; Wilson
and Stevens, 2005).

9, KR ZENTZT 5 ZXF v 758 (134
x97x66cm; KiE3Sem) 1<, FRLETFA
Fv 7y T s RS Oz ANnTz% GE
Mixdo MR 1. HFFRBICBHETELER
DEREREDRE] 228, WCTIXF v
ARWTINESETOHEMNTETTZXTHEL
fz. SHEETEZ RN ROEH I RIE T 5%
ZRT BT, 1ML S5ETOREHZK 48
R DR Z 2T TiTo 7z, iz, MR 5 DR
Wz s/ NRICT 5728, RO 2D
3D2EEIEFE RIS TCHEL, REHOE

HICEMCH LI, &5, HfapEELzT S
AFw VRIBOMKRERZ T EMTERNELIIC,
TIAFy T RIBOMEHICIZES DRI 3 D2 7%
BORVWEZ— )T —TEHE WV, 1 ABIIC—E,
flEIKDFIED R LTz, AT, 5 H4H
M58 A 15 HOMRIZ 1 ik Dirbhiz.

RBRHEBTERADKO MR 5HVWE D, I
H1h b5 Z2Ed 28ICiE, MREER & Bk A,
BN S ZNEN—HOMAZE T > X LIHEH L
T NN—T W IZIER LTz, coF)—7T ¢k
IZ, A—HRETI1H»5 5 X TOREEZER L.
7z, HE3I DS 5 TH X RIBONET NSk
DITENC RIETHEIC K > T, RIS ERME:
BT BT, PV—T T I HEEEH O NEF
BIZ Tz,

HR 1. #iIFREICBETEERDEBERIS
DRE TIRAF I THETIAF v IR
mICHAZR L C1 oEEEL, Mz 7o X
Fou IREBICHIR SR, ZO%, H (THLY)
ZE Ry P THEMEERORLICIE FEE, MIcH
g% F TOWFM (Ist-Latency ; #) ZA kv 7/
Tk F TRt U, 7L, BEIRRAICHES
DEAND KRR E I T2 5510&, BISZBE D
5120 0EHE L 2R TS 24T B Y- 7. &
MNICR G2 EEZOEEMEL, Bg%EE
L7 - I B RS E K72 22819 % BRICHU D BR
Wiz, TOEHEICHWEAEZ, REERET 63
A, BHAR A BE T 60l 1A, Bk B B T 63 il 1A
ThH-olz.

HE 2. BERNOEERLORAE THH 1 MK
TLTHhDL, 2HIC—EDOHETE 4, THHE1
ERIBRICE 2y b THEFD BRI 2% F S,
fHIC 2l % £ TORFME (2nd-5th-Latency ; #)
AN Ty FCaHRE LTz, HEFDEHIC SIS
Liahola, RO TEEZIEY->7/z. &
MNICRG5AEZZOEEMEL, BgLEE
fH L7 o 1258 3 BE /K72 3319 2 BICEL D BR
Wiz, ZTOHEBICHWEARSBIE, MREERE T 52
A, BHAR A BE T 56 @4k, BHAX B B T 60 fiH {4
Thol.

HE 3. HRYRIVHDHZRATOERERIED
BIE FSIRFvIRBOLET, W ATH=MIC
TR IVH XS (STYLUS TG-4, OLYMPUS) 7 HY
D) B EERIRICATA REEE X5 fF
WIHT, HBEOE ML -z fch 2
oo LT, TOREES AT 15 BBRICHAOD
B by b aflio TRIZE FEW, flIicH
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fi g™ % E CTOMR;M (Predator-Latency ; #) & X b
T Fy F TRt L. HERDEICKIELED >
eHE, 20 TR ZITbY) -7, BN
L‘?Kﬁﬁﬁ%%@iiﬁﬁ%b BRBLEH LA >
BEEIBKZ T 2RI D Bz, 2O
Iﬁﬁliﬁﬁb‘fcﬁiiﬂi, PR BETE T 49 K, BANK
A BT 54 (A, BHAK B BET 60 HIATH - 7z.
HH4 RIEHT BRI HADOEE 12 cm
DHFIPHICH (8.9 x 8.9 cm) ZFMICRRE L, HilC
X9 % I 5 5 B TRl Uz, B fAe i
KBITEBETIE, KPICEZ AN TH LD T
BTN 2 X TORE (Mirror-Latency 5 #) &
BN D 6.7 cm LLNDERE (75 XF v VRO
MOETDYXPDOEX) THICHM > Tk L7z
WEf (Mirror-Time ; #) O 2 IHEZ# & L7z, C
DOIEBIC W EAREL, BRBERET 49 {4, B
A BET S1UEN, BB BET S8 AATH o7z
HB 5. #HFmElcdTsRic E=—)Vio
ROMMEROYIR (EEE S mm, & 5mm) &5
EICHL D 72O T LUR, GHa ik (novel
object) ; Fig. 2] %ﬁﬁlﬂf*&ﬁﬂ@}im%ﬁm L7z
AR DSR2 AY, HEF O &L 1-3 mm D
PRIk &5 Lc_ﬁ?}b‘b“ﬂ%b“( Hrar PRIt
567 5 oS CalEk Lz, BiE Al X
HITHEE T, KPITHTYRZ ANTHEH)
O THarYikicHEimd 5 £ TORER (Novel-
Latency ; #), #FrarPikic#fib U7z BIE (Novel-
Count), FAWADN 51 cm LIN OFIFH THr
AP [ > Ttk U7z 5 E1RER (Novel-Time ;
) O3mEE~ZEE L. COEEICHW I
B, HH4 LFRICTHS.
RIBBICH S 1ITEIDO—B O FEfA®RE

Fig. 2. Photograph of novel objects. Upper object used in
the first trial, lower object in second trial.

WL TE, FMEEKDITEIOEAA—EHL TV BN
EdtEDrD B2, HEH 1ML 5227 Hi%
ICHERDIER L. Hiatitkoskimicid, HE S
THEHALZEDLIEEZZEIRDE DZED U
7z (Fig. 2). 7z72L, ®ME, KEIJEF2E
Bixho iz,

BFNAREBEEBELKEICEBIFSTEERE (ANt
LN TOBKITEIOBRZEE T 5780, F
BB R U Te/khl 7 D T AT BB 2 (T > T2, 17
@jﬁggcuﬂi #OU)H:*SJJDLL.JZGVC':P%L.EE,T\

& 3T T2 7KkFE (60 x20x25¢cm ; /K% 21 cm) &
i L, BRXKENICIE, HADENSNS XS
)V Z— (188x102x 6.4 cm) %ZiRI 7= (Fig.
3). TEEEORHIC, 2 TOEKICHEEL .
TEIBIRE, THU4HDPSTHISHETH 28
Hh»5 8 A3 HOWEICITbhi.

TIRAFw 7Ty T SIKIEOBERXEA 1 L
TOHfMZR LT, 205 MHAOITE) Z 8l T
FoEk U7z, @hip Al XA TEEIER T, KED
SikZzEE L Cilitvkd % Aatiei Gk 5 #),
IKIEIC M 72 47 LA Clie - To B et IRe R G5
[KIRERE 5 #), b Z—NICREN T BER
(BN ; #), KESEEX MmO 0
DD LTH) EETERED Zid#kliz. 0
FHICH W R EuE, BREERE T 32 Ak, Bk
A BET 33 1A, BHBRET 46 A TH o /=.

EREHA AT F OHEFDITENC IZREDN R E
THUREMEND S (LEIEH, 2009 ; [LHIED,
2019). #Z T, A TELHADKERZTT-
7z. RN & EE AW, 47 FOHEMORE
il 7 [ CEEEE - AL ST Lz, BNz
7 — 2 7z W B fEHN Y 7 b Image ] (National
Institute of Health, USA) T L, EXEZHE
Lz, BXEFHIRETORRNPK T LEETH
58H7THMMSE8H8HE, 8HI6HMH58H
17 HOMMIciTb iz, k¥, FEBRIHMHPICHE
CL—8HDEIicOVnT L EEfT- 2.

RETERMT  BREEHRE & B I3 R X R A R
o TEL, MO THREYE (25.8+7.99 SD,
mm) (ZHMA-BROTFEHEXE (289 +549
SD, mm) X O &EHEZEIT/INE o7z (Welch's ttest;
t=-3.10,P=0.002). ZD=®, RITITEXEY
ERE LT R0z,

FHH1BXU3IKBI3EHAKIG (Ist-Latency,
Predator-Latency) ODflE Tld, BISHETIRE TIC
fHICEM U > T EEns. 22 TINns
DT — ZRHITIE, Cox DLLHINT — RET IV
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Fig. 3.
observation compartment.

(Cox’s proportional hazard model) 7% FJ \» 7z (Cox,
1972). HMEFAEIC Ml 2 X T ORFR 2 F2ER AT
MTHIRT 5729, IWELLICIE, SICHEmMT 5
XTORE (B) 2, SiHZEICE, (D BYXE,
(2) FEaBE (BREERE - PARLARE - BB HEE) B
XU Q) BXELHEBHOLZHEMAMZH V.
RBXELFEBHOLHEREICOWTIE, KHE
RAEICEERCEDNRD NI GEOALZHIEH
HeablzeT VTN ZIT> . &%, 1HhDH
3DETOHET, REBOMEED 10 HLANIC
fHICHEM U270, IS % £ T 10 L
DS MR TH BYIO T —2 L LT Tz,

HE?2 CTHlE LU 7ZEBEKIS (2nd-5th-Latency)
ICH, BISHE TR X TICAICHEAL L2 - T filH
BENTWS. £z, TOHEAKIGE, F—#K
TRAZZFEBAICEH4 M\ L. 2T TING
DT —RRITITIX, TV FLEHE UTEEHE
Az B E LTz Cox DEEBINY — RIESGET IV
(Cox’s proportional hazard mixed model) 7 F > 7z.
HEDYERIC B2l % X T DR 72 SLEREE I T Lhig
T 570, IWEEBICIE, SICEMT %X TOR
M B 7z, 3HEHCE, () BRE, () #
She (BREERE - BACA BE - BB #H) BXT )
RBXEEEHFHOLHERZ AV, ZHAEHIH
ORFIBXT, FIBY0 7—2DWNICBI L T,
IR UZFIETIT> 7.

B KU AT YR il g % K TORER (Mirror-

Schematic illustration of the observation tank. Shelter was provided at the bottom left of the

Latency, Novel-Latency) DT —XICE, BILKT
B CICEERH YR M LU > TN E E
N5, TOkH, TNEDOT—RICDNTE Cox
DLLFINT— RETIVTHRIT LTz, BB X UHE
kI H il 9 % £ TORE 2 ZEREEE THER T %
fzdb, IBABICIE, ThSDOfTHOMEM B
Z, aBHZEICIE, (D) BRE, @ FE8BRE (F
HERE - BHRARE - BB ED) BXU ) BYXE
ERBBEOLHERZR W, &8, 570 (300
R TEMABIRI NG >R T BHD
T—R2E L. KEFHEOBRGHCEL TIE, =
HRUFIETIT> 2.

Frar RIS 9 % Befil a1 %4 (Novel-Count) & 1T
FSUC BT 2 TR BUC DV T, BN
RN TITEID R E NG o T lANZ W28,
YoyjrE5 L (hurdle model) % FWTHRAT L 7z,
T TRZENZTNOITENIEED 0 1 DL E IR
THEOIC M, BEMEE L TrYy b
VOB L, B 1R DT — 2B
LTI I MZiR G e LTy v 7
BB zwEH Lz, EXEEERBZEIAZESE L
T, REEAEOMFHCE L Tid Lk L=FIET
ro7z.

#D 5 VIEHAMERZ TR LRI BT 5 iE
vk (Mirror-Time, Novel-Time), {TEHARICE
U BE VKRR - A SRR - FRANRER 2, SRR
TH T 2B, ISBELE 2 5178 ONE M
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) &eLT, (D REBXE, () F5ERF (bR -
BT A BE - BB #E), (3) RBXE L& EBRRFDL
AAFRZ#HERE Lk —RILBREE T IV
(generalized linear model, GLM) 7 Fi\ T fi##T L 7=.
RBRELFEBFHOLHAEREICOWTIE, KHAE
MEZZHETIVE, GOEVETIVEDRT
REBEZIT), BEENRDSNTLEDH,
REHEHEZ ZOET IV T2 1z, %
B OEAEMEITIER e L.

BEADMEMNE S X TITEI Y > Fu— L2 MEES
2728, Hid2DWIEHAYRICHd 2178 BI%T
HE L7788, A5TI 1 BIEE 2 BIHOTTE)
o AH B B £% %7, TR 0[] I 53 #7 (standardized
major axis, SMA) IC KD f#MT L7z, FTHYIO 7 —%
ZaOHIC AT % £ TORER (Ist-Latency, 2nd-
Sth-Latency, Predator-Latency), Mirror-Latency,
Novel-Latency, ¥ X U [B| #( 7 — X T & % Novel-
Count, BETTEIREICE LU 3@t ziTh7ah o7z,

ETOMEHENTICE, FEHY 7 H R (version 324 ;
R Core Team, 2017) Z{#HH L7z. Cox D LLH/ NV —
FE T IWVICIE 78y 77— survival (version 2.41-3 ;
Therneau and Lumley, 2018) 7%, Cox DLLHiNY'—K
BAETIVICIE /Sy r — ¥ coxme (Therneau and
Therneau, 2018) 7%, COYIWrET VI, Ryr—
pscl (version 1.49 ; Jackman, 2015) 7%, Z LT I FoD[H|
It 3 BTici& 7Ry - —3 smatr (version 34-8 ; Warton et
al, 2018) Z M7z

5 ES

BERIGOAE HadREICBE) S EzEEZD
fHIC g % £ TOKER (Ist-Latency) &, EX
ENEWEKIZ EFEICE < (Cox’s proportional
hazard model, B X E :Z=-3.944, P <0.001), B@
BERED Ist-Latency {&, B A, BBHCHERTEWL
HAAH-TzH DD, FEEFEDONZN DT
(PRBERE vs. B A BE © Z=1.817, P = 0.069 ; P&k
Bt vs. BB B 1 Z=1.555,P=0.120 ; Fig. 4a). C
DFRERIE, WINORAMEHCEEANT, FREEREEZ Y
Al BIERMENC ERRET S, £z, @
ERFOEIC MY % £ TORR (2nd-5th-Latency)
Ti&, MMBHT, BEXEORAFHICERR
HENRDON, RERETIE, EXEDSEVEAE
L, ARICEVIFE THICEMLEN (Z=
—0.94, P <0.001), PR B BTl Z D@0 A i s
U7e (BB BEDAZHAER © Z=1.960, P=0.049 ;
Fig. 4b). &V A7 5 H 2 IR TDOEHAD K

1.0+

0.8

0.6

0.4

0.2

0.0+

1.0
0.8

06]

= Above-dam
—— Open-stream A

04{ f
/ ---- Open-stream B

0.24

0.0

1.01

0.8

Frequency of catching individual

06{ 4
0.4 [f

0.2

0.0
T T T T
0 2 4 6 8 10

Latency to catch food (s)

Fig. 4. Cumulative frequencies of Salvelinus leucomaenis
fry captures in three experimental groups for each
observational condition: (a) for the first time after transferal
to experimental tank (i.e., novel environment), (b) 2-5 days
after first capture, and (c) following artificial stimulus to
imitate a predator.

(Predator-Latency) Tl&, FREEREE RN A, BROD
MTHEZZIEN>TED0 (FREERE vs. B A
B 1 Z=1.554,P=0.120 ; PRi#ERE vs. B B B : Z=
1.691, P = 0.091 ; Fig. 4c), fIBY O F—%Lixo>
TR DS E X REERE T2 WM A B > 72 (Fig.
40). ¥z, BEXEMNEVHEKIZE, fICHT
5FETORBIPERICED >z (Z2=3.074,P =
0.002). TNHLOFEERNSLE, REEHIIWVTND
BIBEICHERT, U A7 % L BHEAMENT A
R E NIz,

BELUHTMEICHTIRE  REERHCED
BECID > CTlievk U72BER] (Mirror-Time) 13,
B A, BE X ODHEICHE (Table 1; Fig. 5),
T, BXEDEWEKIFE, Mirror-Time &5
EICHE D o Tz (Table 1). SEICHEMT % F TOHRE
il (Mirror-Latency) Tld, BIABEEXED
REAFHICEREZENED SN (Table 2), B
A B BREEREIC LN, BREDNEWEAKIZ E
Mirror-Latency 7V < 72 2 1[A1733 > 7z (Table 2).
CNOOMREMND, FREERHI VSN OBEHC L
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Fig. 5. Comparison of Mirror-Time and Novel-Time among three groups.
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Table 1. Results of a generalized linear model (GLM) and a hurdle model (Hurdle) for each behavioral trait in novel object

test and mirror test

Estimate SE t P
Novel-Time
Intercept 50.747 11.786 4.306 <0.001
Fork length -1.040 0.315 —3.299 0.001
Group (Above-dam vs. Open-stream A) 23.976 5.182 4.627 <0.001
Group (Above-dam vs. Open-stream B) 35.135 5.025 6.992 <0.001
Novel-Count
Intercept 2.226 0.487 4.572 <0.001
Fork length —-0.021 0.013 -1.631 0.103
Group (Above-dam vs. Open-stream A) 1.229 0.200 6.158 <0.001
Group (Above-dam vs. Open-stream B) 1.381 0.194 7.133 <0.001
Log (theta) 0.697 0.175 3.980 <0.001
Mirror-Time
Intercept 112.384 33.833 3.322 0.001
Fork length —2.000 0.904 -2.212 0.029
Group (Above-dam vs. Open-stream A) 44.907 14.845 3.025 0.003
Group (Above-dam vs. Open-stream B) 66.331 14.473 4.583 <0.001

Response variable - each behavioral trait; explanatory variables - group and fork length
“Above-dam group” set as baseline for determination of any significant differences of Open-stream A and Open-stream B groups
Error distribution considered as normal distribution of Novel-Time and Mirror-Time, and negative binomial distribution of Novel-Count
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Table 2. Results of analysis with Cox’s proportional hazard model for differences in Novel-Latency and Mirror-Latency
among the three groups

Coefficient SE VA P

Novel-Latency (s)

Fork length 0.022 0.014 1.517 0.129

Group (Above-dam vs. Open-stream A) 0.468 0.246 1.899 0.058

Group (Above-dam vs. Open-stream B) 0.968 0.239 4.053 <0.001
Mirror-Latency (s)

Fork length -0.020 0.025 —0.785 0.432

Group (Above-dam vs. Open-stream A) 3.749 1.492 2.512 0.012

Group (Above-dam vs. Open-stream B) -0.597 1.954 —-0.305 0.760

Fork length x Open-stream A —0.098 0.041 -2.416 0.016

Fork length x Open-stream B 0.026 0.051 0.506 0.613

Response variable - Novel-Latency or Mirror-Latency; explanatory variables - group and fork length
“Above-dam group” set as baseline for determination of any significant differences of Open-stream A and Open-stream B groups
SE indicates standard error of the coefficient

Table 3. Results of generalized linear model (GLM) and hurdle model (Hurdle) for observations of each behavioral trait

Behavioral trait Estimate SE t P
Swimming time Intercept 396.786 256.932 1.544 0.126
Fork length —6.220 6.818 -0.912 0.364

Group (Above-dam vs. Open-stream A)  —866.059 403.418  -2.147 0.034
Group (Above-dam vs. Open-stream B) ~ —208.730 559.042  -0.373 0.710

Fork length x Open-stream A 31.296 10.639 2.942 0.004
Fork length x Open-stream B 15.413 14.454 1.066 0.289
Settlement time Intercept 439.291 272.632 1.611 0.110
Fork length 13.106 7.234 1.812 0.073

Group (Above-dam vs. Open-stream A) ~ 1233.817 428.069 2.882 0.005
Group (Above-dam vs. Open-stream B) ~ 1064.093 593.202 1.794 0.076

Fork length x Open-stream A —40.251 11.289  -3.566 <0.001
Fork length x Open-stream B -38.610 15.337  -2.517 0.013
Hiding time Intercept 363.923 169.39 2.148 0.034
Fork length —6.886 4495  -1.532 0.129

Group (Above-dam vs. Open-stream A) —64.976 265966  -1.372 0.173
Group (Above-dam vs. Open-stream B) ~ —855.363 368.565  —2.321 0.022

Fork length x Open-stream A 8.906 7.014 1.270 0.207
Fork length x Open-stream B 23.197 9.529 2.434 0.017
Number of foraging activities Intercept 3.764 0.814 4.621 <0.001
Fork length —-0.052 0.022 2324 0.020
Group (Above-dam vs. Open-stream A) 0.427 0.321 1.330 0.184
Group (Above-dam vs. Open-stream B) 0.775 0.299 2.592 0.010
Log (theta) 0.019 0.235 0.082 0.934

Response variable - each behavioral trait; explanatory variables - group and fork length

“Above-dam group” set as baseline for determination of any significant differences of Open-stream A and Open-stream B groups

Error distribution considered as normal distribution of swimming, settlement and hiding times, and negative binomial distribution in number
of foraging activities
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Fig. 6. Relationship between settlement time in behavioral
observation tank and fork length among three fry groups,
analyzed by generalized linear model (GLM). FL indicates
fork length. Closed circles, and open and closed triangles
indicate individuals of above-dam group, open-stream A
group and open-stream B group, respectively.

NTHBEEMENT EHRB I N

Frarikic i o Tillivk U7z IRefil (Novel-Time)
W&, BRBERED DT OB R O A EICH < (Table
1; Fig. 5), Hrar¥nikicHefil U7z 1515 (Novel-Count)
LIREEREDN DT NOBMIE X D HRICDED o T
(Table 1). B BERE T X 85% D {4 T $% fis [ £ A3
10 B RZofzicxt U, BHAEEICBT S 10 [9]
DU OEAR O E A& 34% T, 106 {844 31 {814
MFrar kI 20 [BIDL B L, & 513 itk
50 [l DL _E 5% fi U 7z. Novel-Latency (&, @ &ERED
B BREE D EEICED o7z (Table 2). %7z,
FataEE 2RO Nk >80 0, B
A BEIC BUF % Novel-Latency (&, FREEREICLEXT
HWEm D H > 72 (Table 2). B X E & Novel-
Time DHICHBERFEERIFLTEL, BEXE
B E WA IFE L Novel-Time lZ A EICE - 1=
(Table 1). TNHDFERN S, REEHIIWVLITNO
BIICEEIC LT Y A7 7% & B EmAMEN T & AR
i,

THERE WK TE, FRABEREYE
DRAFHICAERZENZEO 5Nz (Table 3).
B B BETIXBII A BE L AR DD ED BN
e, MEIMICAERGZRB IR NG o7
(Table 3). ZJERFREI T, BIMABEL BB BE
DT, BXEEDOLZHERCHERRGENE
HHMN 7z (Table 3 ; Fig. 6). REEAETIX, BYXE
EEERMORRRICBIZEENETHD, K
BUEAIE &5 KRN ED - 720, Bk A, BEE
TRAROEZ A TH D, KEMEAKIE EHIK
REMI A EI A - 72 (Table 3 5 Fig. 6). ZDFEHE, 2
REM 40 mm DL EORREEREOMEAIZ, BHK A, B
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Fig. 7. Relationship between Mirror-Time and Novel-
Time, analyzed by type 1l regression analysis. Closed
circles, and open and closed triangles indicate individuals of
above-dam group, open-stream A group and open-stream B
group, respectively. Solid line represents regression line.

FED BRI LR TE KR M ED > 72 (Fig. 6).
FRNE T, AN BAERERYEDORRAMFHIC
ARG ENRD S5 NIz (Table 3). FREERE T
EXENEWEKEZE, BNEBRALOELES
HADNERH S ND, FHRBRTIE, Z O
MViER U7z (Table 3). HEEITENREU FREERE T
B BRER D EREICAD R, TREERE & B A BE
OMICHREAZZEDh 57 (Table 3). Tz, B
ENEWAEEEF E, HETHRHBEERCAD R
o7z (Table 3).

FTENREDOMEERER 2k Z VI fifh O
., Novel-Time & Mirror-Time D [ I ZE 7% 1IE D
FIBIBE RN RES 5N fz (Table 4 ; Fig. 7). F /=il
Pk IR 8] & Novel-Time, 3 Pk I fi] & Mirror-Time @
ZNnEFhoMIct, ARGIEOHBEMEREIED S
N7z (Table 4).

KERBEC & TN LTS R, BREERE & Bk A
BEIC B T, Novel-Time & Mirror-Time @ [t I,

RIS IEOMHBIBRMEDH S5 NTz (Table 4). FT/c
WEPKREM] & Novel-Time, 38 X Uk FRERE & Mirror-
Time O AHBE B (R 72 FERHRE C & THEMT LU 72 A5 R
BB BELC 3510 % i yk RF ] & Novel-Time, 3 7k
FRF ] & Mirror-Time D BIC, A =7 1E OB %R
WD 5N Tz (Tabled).

BEZaR0TEO—8BY 2ikz v
HrOFER, Novel-Time Tld, HELIEDMHEEE %
WS BN Tz (Table 5). E=MEIICHR T
Thho Tt DD, Mirror-Time ICBWNTE, [ED
BB RN RS SN/ (Table 5). FEHI LD
it <X, BEEERE D Mirror-Time TD &, HREk
IEOMBIB R FRS 57z (Table 5).
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Table 4. Results of type II regression analysis between two behavioral traits

Group Variable 1 Variable 2 r elevation slope P
All individuals Novel-Time (s) Mirror-Time (s) 0.411 -9.006 2.608 <0.001
Novel-Time (s) Swimming time (s) 0.284 -22.170 12.769 0.003
Mirror-Time (s) Swimming time (s) 0.276 24.748 4.850 0.003
Above-dam Novel-Time (s) Mirror-Time (s) 0.467 3.881 2.415 <0.001
Novel-Time (s) Swimming time (s) —-0.061 346.435 —11.249 0.735
Mirror-Time (s) Swimming time (s) 0.185 —22.312 3.903 0.302
Open-stream A Novel-Time (s) Mirror-Time (s) 0.373 —-10.347 2.619 0.006
Novel-Time (s) Swimming time (s) —0.118 920.111 -11.566 0.513
Mirror-Time (s) Swimming time (s) -0.097 884.695 —4.800 0.584
Open-stream B Novel-Time (s) Mirror-Time (s) 0.209 —32.848 2.973 0.118
Novel-Time (s) Swimming time (s) 0.318 -78.879 13.81 0.033
Mirror-Time (s) Swimming time (s) 0.322 98.517 4.489 0.031

Table 5. Behavioral consistency for each behavioral trait in the two trials, analyzed by type II regression

Group Trial 1 Trial 2 r elevation slope P
All individuals Novel-Time (s) Novel-Time (s) 0.257 —0.086 1.379 0.003
Mirror-Time (s) Mirror-Time (s) 0.168 7.351 1.185 0.052
Above-dam Novel-Time (s) Novel-Time (s) 0.265 0.827 0.981 0.136
Mirror-Time (s) Mirror-Time (s) 0.484 10.070 1.153 0.003
Open-stream A Novel-Time (s) Novel-Time (s) 0.020 —6.933 1.347 0.897
Mirror-Time (s) Mirror-Time (s) -0.074 149.149 —1.164 0.625
Open-stream B Novel-Time (s) Novel-Time (s) 0.259 9.857 1.346 0.061
Mirror-Time (s) Mirror-Time (s) 0.122 9.941 1.202 0.379

z

£

HEYRIC K> TRl S e —3i (FRBERE) &
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Time & Novel-Time D 1T 1345 7= 7% 1E O +H B B £%&
MR LNz, TOREIE, 178> Fa—LW
bBH KT, EAFKOBRIEITSITV T T
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TN T3 (Katano, 1987).
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LU, BHICEBMT 5. AHEOZINBIIAREICIS
U CHRFEFEBRNICIEN T 2728, i A X0
NEUIFREERI A ZDZF IR, FEFEICZ %%
(Morita and Takashima, 1998). FH[Xic, HEIE N
FHESR BIRICLENT, HESHOBEN I 2 MITH
<, BRLEBMOKSETHAT EMHLNTVS
(Morita et al., 2000). LU 7=H > T, BEAEEE R B
FITEERT, MM ORDMED 28 < 254t
BMLWeEEZBNS. FOX S RERE TIIREMmMN
BAMADTTMERITH D, BHREE TIEREMN 7% (A
EOMWISEIZZ 5 TERWEKICHENTEVONE
L7Zaw. ZEIC, fHICHfild 2 £ TORERIEE
ARV TNOBMEETEENEIIDH O, B
PEOBIEEL TN TV BRHEICHT B KIGTIE, VT
NOBEE T & Mirror-Time N EWEM D H - 7z.
N5 DOREFIGFBEET, HPHIED 28 < 558
B TRHRMINCTTEId 5 A OSHEE D = AT
REMEZRET 5. Fio, MO TrHEETE, B
HEEID AR 2 R EE & bl LR W EREC B U
LMD E DEND, BHPOEFTVDERNE
I EE T IATREMD, BROWMHE TR T
% (Elliott and Hurley, 1998 ; Bohlin et al., 2001).
—J7, PREERETIE, BEMRAYICTTENT 2Kk
MHBEEIN®T L, ESEMEONATEEE H%.
—UTRMTHEIET 28 TlE, REIY 1 DM
KIHED, lAD 720 OHIHBERMELS %5 T
DR BDRE5NS (Davies et al., 2012). {HDK)
R, HfOBENSOREKEET, M &
ZABNBN, HADOEEMUOFREEER: TIXEDR)
RBGIN T2, HEIICITEI T 2 ARG HBE TN
Biffem <, EEICITEIS 2 ER OIS E D
M@ ES EZBNS. EBIC, BREER
HoNEh > DD, [REERED Predator-Latency
BRI D EVWEIAS D, 10 LLLIN5
kN Zhoiz. £z, URT7Z L BHROIEE
EENTVRHAYRICHT BRIETSE, FREERE
T & Novel-Time »° A = I 5 <, Novel-Latency (&
EWHmLAH -7z &d, TORRENZRET S.
AWZE T, 1THIBRICBI SMOTEITE
ERMEZRDSED SNz, REEFOMAZ, B
ERIC RN TE KRR DN E L, BETEREEE
Bichahote. AMZSTY B, &K
EhHBIERELEHRED FRHMS—ERNLTL
£95&, EHRNERTZIENTERV. 20D,
R AR D Lin OBREEE AL, WTLIc<
WEMAZ R DEE TSN TS C LR
N T W % (Northcote, 1981 ; Morita and Yamamoto,
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T, 7 Rz Cls TRV SRR L TV 5.
AW TS E N Tz, WRBERE Ok FRF [ DR X %
BEITEIRB O T E, BIE LR, D OMFEN
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WK DV WAL, SR8 ar PRIt LT
IS U e RN E W ERI DD o 7z, FEMIIC/TEId
AL, BFENER T ORERZITRT VD,
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