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FE sbeAo] EolF)o® Qg FEI Wol(HA)E /X

71
el AAg AT o2y WHF] o]BL, F U A3 S VR AeolAd u ek Aadol
st Aolg} oAt (Holen and Svennungsen 2012). A AR olg] dA7to|x AmMe] Fo] H=
o IR e FAY AHAZI Lo AFAAAE v AFHE HFY(Cortesi and Cheney
2010; Vidal-Cordero et al. 2012; Maria Arenas et al. 2015). &A%t o9} Aty A¥E HoF=
A= b EAH(Mochida et al. 2013; Briolat et al. 2019; Sanchez et al. 2019).
s WY ol&8S VIvte® Aado] Wol(HA4do xS g oD diste] A Asw

AgsheAel it J1E ATES s, Fuds S4e) FANE AWt 2YL AR,
Andell} EAol Wolg Xt W 4L = 4 b 2dEY pdn 4949 A7s

Fgstud S,

Hnme o] EXE HEEH LiEtET}

dadol 5% 7HAIL AEE AekE A2 Wallace(1867) ol F2 @2 Aol F5 o
gk, BAH ASE wge] 2] WEel ol|d WS YW F b AW 4w F
Rnom, olelgt @ Zahavio] AWTFY o] Ee we} AFEH LS (Zahavi 1975, 1977), Grafen®]
o274 nyo] osf AARArH(Grafen 1990a, b). o]F o] o]&2 AT s MNzE At
o AREE AT, 53], Audy 54 3ol ko] AuAdAAE AWste wzdFol TR ATH
$Ith(Blount et al. 2009; Holen and Svennungsen 2012).

Blount et al.(2009)2 il Az el HAo] TAF Aol wHofgint
allocation trade-off)'s 4 7MHo= st AEE RIS Sl

A4 & 9ee ATAL. ERE, THR ‘goslon’ BEH YA AU FFe 247 oo

‘2191 & v E-(resource

Hl-gol EAstd, dAYiiel uweh Fade]l =4l dis) FAF Az Fed = Fel
019 AH(Holen and Svennungsen 2012). EA A7} wol] Hi= HolZ F4T o o =x &=
HolE ¥4 wry o FAIU= 'go-slow' e AAATE FEI SAHS 7P w E22ALe
BA BEe Ao o A3 Ase Audes A9 = dve S ot Sherratt

(2002)¢] gL ‘go-slow’ @Fo] FaMa 5ol gxsted 4= = acloltal At W,
a5 A AY ol ‘/}Elr‘é B A oial FA FAskd 2R A AR
gEo] ¥obAH, %“ Al ool FApske B9 AR A sAZI T AL FEo] AT
ol#F Akl e AT TR F4S HE welt o FE Ao Azee] Fam ojojd
ATk, FERE, FAATE F5A 0 AR wel wolE sk, BEYS Tl HolE Yty Held
i Azt w2 AEAES JHE w AE 8o SEvE AdA Zdds 9 7 ool s

SR (He et al. 2022).

Guilford & Dawkins(1993)%= &TIF] o]&ol tigh vlHS A7t , 2] g FadE
7120 AEA] AT o]&(HFade Fmet FAo Ao FUAES dFsHA @Fe)ol Fade]

AsE ¥ A Ageva T, =9,
Az 23k o] Aeldi o] gna
Wolsts A AbF ol
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HoFE).

FToAA = FREdelA Ay 54 7ke] Adado] = Itk (Bezzerides et al. 2007;
Blount et al. 2012; Winters et al. 2014; Wheeler et al. 2015). E3], AuMo Fo ¥ Jx=7}
Zohaol wel ofl xf EAASO] Ug AEEe] Ao P@ Ave Aude] mAd v

A ARES Agstal dvke 58 282 AAFo(Maria Arenas et al. 2015). 3, g
7t A2E o83 S (multimodal signal) 7NdS H&e AFedME A, 54, WA 7He
HAE grsided, Aade 543 g AuAAE HAAR, 543 WA g9 AudAE
zk= Ao ® Yestth(Wheeler et al. 2015). el wet Az =49 AaAdAZE b2
et 9% dthBlount et al. 2012). ol AWl wel & Z7])9} 9 o]&2] Aol7} d=dl,
ol 2] gk J‘l‘ﬂol B HA 0 kel el S vA = v AS AARER
AN Gl (Danaus  plexippus) A= v 538 #AA7ZE EAEd=d, 4bst 2E#H27E o]
daaAd S FAG. 53 FA yHl e Agol st 2EH AT 55 wods HA o] S
upel Fae] et Zasilar, Abst 2EH A7 WS ol HA o] Sbgel wheh B

7(}5_7} %7}6‘}033}(Blount et al. 2023).

Hey Qo= &Y¥ B=7<l opisthobranch®} A (Polistes dominula) SolA = 7123}
=74 {PQ] &Fo] AHAATE e AS F99E 4 A (Cortesi and Cheney 2010; Vidal-Cordero
et al. 2012). o]&] 3t t}oksl AFEL AuMy =4 7ho] A@AA 7 3 Absto] wlzl theksA
Hetd ¢ des BoAFTH, AAdAe ®olE oldjst=d Tad dAE AT, THE,
olglgt AFES FAI A Atele] BAVE HisHAl #&stw Fo AEITHH, AeshA,

2)
Feota SAd FFS TS F UFS HolF dew, F oufdAN udd eclEo

Aol Agst =33 A ko] #AAC gk A5 Adel gy, A ol g Jref
daAe] ZFw Zhell AdadACE flvke A% UL 1; Darst et al. 2006; Wang 2011; Crothers
al. 2016; Stuckert et al. 2018; Moniz et al. 2023). E%%F%(Salamandra salamandra terrestris)
S8 B Yy 549 oA w2 WolE HolArt, FuMd HAde Aol Vg
WAEA ckom, AF Zpolup Aol Fare] ot AuAS B (PreiB ler et al. 2019;
Sanchez et al. 2019). DL (GQmops pyrrhogaster) A= FAFSHA AuMMe Zme A4 Alo] 9
Fagol HAEA kokth(Mochida et al. 2013). TR o] &9 ooz Wiz Aaxe] =g}
=4 b g ARAAVE HAHE SFdth(Wang 2011; Crothers et al. 2016). Z=E}E]7he]
N2l Dendrobates granuliferuss= 73122 ZF=e} EAo] So AAAAS HIow, =
Well A darde] stgk Folm FaMy 548 AR SYAor zstegivtal Bars vk (Wang
2011). @3, Mann & Cummings(2012)9] <A-el4] Bocas del Toro Archipelago, Panama X <9l
M= S0l Oophaga pumilio = A} =A7re] oFo] AIAAY BuH YA Y, Solarte
A e ZAT2 Oophaga pumilio VWA= 43t 4 Atolel 5o AaatA|7F Q5o HIEHAT.
o= FHATE e HAdo] Hol 7}9“ J3F ¥do] slom, A4 e wE o] 7h&Ado] At
=g Aol FEdE mzl Aew HRlY.
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AT W obyTt 2R Aol woll Y ARTE A el diste] AAF Mz E
AR EteE A7 EAe g (Lindstedt et al. 2017; Briolat et al. 2018; Briolat et al.
2019; Medina et al. 2020). %&Hd (Nicrophorus vespilloides)2l 733} =L thest Wol&
7EAaL e, qbFlel FAHET HAdol AstAnt, AaAat =A Abold] Aaaile 3 sHA]
23519t (Lindstedt et al. 2017). harlequin bug (Zectocoris diophthalmus)® 73%-ol& <FH 9]
UA BT B jeoll W= FRrb AT, o] B4 AHdAls HAE A Fdth(Medina
et al. 2020). &3 (Zygaenidae) @t Tarapoto(Peru)ol A mimicry ringS ©|5+= Heliconiuss:
UM = 5d 0] el FaAle]l A= vl etA] dth(Arias et al. 2016; Briolat et al. 2018;
Briolat et al. 2019).

B 1 ZDMo| ZEQl S4o| ABTA | th3 HHMX| A7 Hih EO| £xe ER2YE FYI
of HAIE BIE FWE =80 £E o0jsin, BE ATE S4H0| YT ERTOM SMo| HE
£ vl m&jct
t”% L= = @Lg‘%ﬂ] OO]EZq XC-}ZJ
= T AL o
W Fol AA | ol FuPA | BRA
=% 4 1
%3 PN T 3 2 2
555 1
=an S 5 4 2
A R 5 4
A 17 12 2 2

%
A 54 st EA4 AAl dad= A 9
[e)

AnHgoz Am Ang Az, sAw
AnAe Fusk S4 2 F H& S Fwe] 4¥ P Fol wek g & UrhPaul et
=

teel et al. 2019; Mattila et al. 2022). 9 ZA3= 7+ EAo] theksl 87
&)

-S
o os gdd + d&E AeH, mE2s 7 540 MR =
[e]

1 ) 2 S
gtk s MEAT. 53 F P49 FAol MAE I 20 oldss AL T
Ao s FI dZsed Qo] Fast. dF o B Hed M Fud /5L
AR AR AR gHE s dde A5e Ada 3 5

Heliconius® UM EL gt S Holw(Merrill et al. 2015), HolAEdA A
3}eHE 42l cyanogenic glucosides®E Agste] H{E ¥ olye}, H4AE HIYSAY A2 54 E
/\é%

A g = e Aoer 4 A 9dti(de Castro et al. 2020). Heliconius erato %2 =
dhero] w23 gy W2 FEo] Frkgdd wEk SUbshH, yolrt BeaE 540 ¥ =kt

A A37F dt(Mattila et al. 2022). o= 574do] Aol opd v AL 543 ¢ ~

rr

f
rot
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ABAAE 7HE F LSS AAEIY . 98 AT AM = S H A (Nicrophorus vespilloides)ol A
FEIZEE BAFAS w21 X3 NAES] A4S, Audm 549 AAIAATE ddHoz s
eSS gddetdlon, FRreo| &FS53 FHho] e mAd A Jgs vE U

Ho]FE(Lindstedt et al. unpublished). YU Arctia plantaginis ©) W3k & AFoA=

el Al7]el A zpde] AFE = A FAAE He JiAle 53 4] el Hla] 5h3hA

ol so] ofgk S HolFlon, ol¢hes A om HuMel Apol= yEhA] &t (Burdfield-

Steel et al. 2019). ¥ Adalia bipunctata ¢ 75 & W7l= 7 & A, 542 4H 9

=43 o]l Jth(Paul et al. 2018). ol#d AA}EL 54 ALl vt LA 54 4

Fo] % Pl o3 FFS wrom, A e o HE
=N

S 47te] Aol BAel diF LAR) v 94

oX,
=)
oh‘. o
rx
fols
lo
e
o
=2
o
o
fu o
=
2

stet=dol EA (34 vdd)7 A "ﬂz"ﬂ 01501 Aes Hlow, o 549 F
d&gS = 4 A (Skelhorn and Rowe 2005). ¥ ANE#N7|(Sturnus vulgaris)E o= 3
ATollME= =48 F=7F vFEE o "ol FAo] wdd ARy I feEds
UE At (Barnett et al. 2014). o= ZHAIE Wl 54 Wel7l AE4 olds 7HHS AlAbEH,
o2 <lal HAe Wol7l fAE & AeS Holeu. #HY oH S HoF

hule] ATl A Ha0] FEsb 238 FFolsk b FEol T4 33 49

O_i., O_L,

255 B d4%E dh(Chouteau et al. 2019). ©] A5, ¥ F4S 7HA& Ao X2# 39
gl o5& 3 FA, (1) FA Aol A, (2) 7IAEdA BE a37t dAY, &
(3) A& 54 O]%%Loﬂ [EP—E— FAHEd Ag oleg mA4o ®olrt yEd 4 vk, flolA
AT EAA-I A2} e Age Faa S0 Fert ARl o] gato] whet vfd o
Hetd & dss EO%%U}(Endler and Mappes 2004).
4
B =4 Abole] #Al, o] #AIE A A st B, aelal o] WolHdEe] JEgdsS mA=
Qs g AT ES AHEUT. A HE&S AT F S welvt RgE Aert 4dE
Avt= AAS 2S5 7|Wre R gk Zahavio] A;TF o] &(Zahavi 1975, 1977)°] At® o] %,
A5 A ASE Tal dude WstE Aietr] @ AlE=skaith(Sherratt 20025 Blount et

al. 2009; Franks et al. 2009; Speed et al. 2010; Lee et al. 2011; Holen and Svennungsen 2012).
Holen & Svennungsen(2012) X2z}o]  ‘go-slow’ &3} I 2xe] ¢ o] Moz
ZAgete] A Az ALY £ U=F she vWrdSES Adsiien o wmEY, ¥ A3

PR w, O A% el st Aew oidv. Ay SA0 AudA AelA
2+ E3gE ke Bl T oW, F 3ol Ao FEer mA4o] o AuuAE
HRA o (F 1; Summers and Clough 2001; Bezzerides et al. 2007; Cortesi and Cheney
2010; Blount et al. 2012; Mann and Cummings 2012; Vidal-Cordero et al. 2012; Cummings and
Crothers 2013; Winters et al. 2014; Maria Arenas et al. 2015; Roberts et al. 2022), 723123}
=4 wAC Wi HERAdAME Ze AdE HoFAth(White and Umbers 2021).
A= 9 A& AAZ YEFUA Y (Wang 2011; Crothers et al. 2016), Az Ao ZFw9o} F4 9]

O

it
oX,
¥,
o
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oF Afolol A AV} WAEA V)= F} (Arias et al. 2016; Briolat et al. 2018; Briolat
et al. 2019; Moniz et al. 2023). ZdaAo] HA3 & AdAA7F el = A9, thgst
WA B, 2716 AR AR, e Fg FAW ol TAG-T AR AT LA

gxzo] Q3 I3+ 3+ 4= i (Paul et al. 2018; Burdfield-Steel et al. 2019; Chouteau et al.

32
v

i

dnbAor Jade wol= o7l dojstA| &= o] HAe] EAll M= AHT Ax=
ek, shxNE Aol EAsk= FaA o] FFE vk, SAIe] Aaxisks Aol s}t
Holg AXWsts 72 a2l T styoltt. 4 Rl AT o] el wE SAI AJarde]
Fagdel dEbstARE, YA o2l sk Ak duts = @AV UEE o, seby Az,
2, & o5 Edshs te 74 AzelA yeiue g24 ddde 543 ddd 45
TR ot H TSt o3 A e udHId T O AZAEES ¢ ol
olgfsta, & AL Mol NskE Wal=d 7od & A

SEnE T
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Title: The coevolution of warning coloration and toxicity

Abstract: Warning coloration is a strategy in which prey, typically venomous, signals its
unprofitability as prey to a predator through conspicuous coloration. Predators avoid such
warningly—colored prey through experiential learning, associating the colors with the prey's
typically venomous or unpleasant defense mechanisms. Since more conspicuous colors are known
to aid predators learning to avoid them, it is theoretically expected that prey warning colors would
be more conspicuous due to directional selection. However, in nature, the conspicuousness of
warning coloration exhibits high intra- and inter—-species variation, and the handicap theory and
the honest signal hypothesis have been tested to explain this. According to these two hypotheses,
the degree of warning coloration and the degree of toxicity in an animal are expected to be
proportional. In this study, we summarize previous research on the relationship between warning
coloration and toxicity and provide directions for future research.
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