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Abstract

Reinforcement	contact	zonesp	which	are	secondary	contact	zones	where	species	are	
diverging	in	reproductive	behaviors	due	to	se旭ection	against	hybridizationp	represent	
natura旭	 旭aboratories	 for	 studying	 speciation､	in､	actions	 Herep	 we	 examined	 rep旭icate	
	旭oca旭ities	across	the	entire	reinforcement	contact	zone	between	North	American	cho､
rus	 frogs	 Pseudacris feriarum	 and	 P. nigrita	 to	 investigate	 geographic	 variation	 in	
	hybridization	frequencies	and	to	assess	whether	reinforcement	may	have	contributed	
to	increased	genetic	divergence	within	speciess	Previous	work	indicated	these	species	
have	undergone	reproductive	character	disp旭acement	 ｪRCDｫ	 in	ma旭e	acoustic	signa旭s	
and	fema旭e	preferences	due	to	reinforcements	We	a旭so	examined	acoustic	signa旭	varia､
tion	across	the	contact	zone	to	assess	whether	signa旭	characteristics	re旭iab旭y	predict	
hybrid	index	and	to	e旭ucidate	whether	the	degree	of	RCD	predicts	hybridization	rates	
Using	microsate旭旭itesp	mitochondria旭	sequencesp	and	acoustic	signa旭	 information	from	
┒ゲpグググ	individua旭s	across	┒ズグ	 旭oca旭ities	and	ten	sympatric	foca旭	regionsp	we	demon､
strater	ｪゲｫ	hybridization	occurs	and	ｪゴｫ	varies	substantia旭旭y	across	the	geographic	range	
of	the	contact	zonep	ｪザｫ	hybridization	is	asymmetric	and	in	the	direction	predicted	from	
observed	patterns	of	asymmetric	RCDp	 ｪジｫ	 in	one	speciesp	genetic	distance	 is	higher	
between	conspecific	旭oca旭ities	where	one	or	both	have	been	reinforced	than	between	
nonreinforced	 旭oca旭itiesp	 after	contro旭旭ing	 for	geographic	distancep	 ｪズｫ	acoustic	 signa旭	
characters	strong旭y	predict	hybrid	indexp	and	ｪ葦ｫ	the	degree	of	RCD	does	not	strong旭y	
predict	admixture	旭eve旭ss	By	showing	that	hybridization	occurs	in	a旭旭	sympatric	旭oca旭i､
tiesp	this	study	provides	the	fifth	and	fina旭	旭ine	of	evidence	that	reproductive	character	
disp旭acement	 is	due	to	reinforcement	 in	the	chorus	frog	contact	zones	Furthermorep	
this	work	suggests	that	the	dua旭	action	of	cascade	reinforcement	and	partia旭	geographic	
iso旭ation	is	promoting	genetic	diversification	within	one	of	the	reinforced	speciess

K E Y W O R D S

acoustic	signa旭p	cascade	reinforcementp	hybridizationp	reproductive	character	disp旭acement

ゲ科 |科INTRODUCTION

Contact	 zones	 between	 recent旭y	 diverged	 taxa	 represent	 natura旭	
旭aboratories	 for	 studying	 how	 reinforcementp	 the	 process	 by	which	

se旭ection	 against	 hybridization	 drives	 an	 increase	 in	 prezygotic	
	iso旭ation	 ｪB旭airp	 ゲゾズズq	 Dobzhanskyp	 ゲゾザゼp	 ゲゾジグq	 Howardp	 ゲゾゾザｫp	
旭eads	to	the	fina旭	stages	of	speciations	One	outcome	of	reinforcement	
is	 the	 pattern	 of	 reproductive	 character	 disp旭acement	 ｪRCDｫp	where	
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reproductive	behaviors	evo旭ve	to	be	more	divergent	between	species	
in	sympatry	than	a旭旭opatry	ｪServedio	ｹ	Noorp	ゴググザq	Lemmonp	Smadjap	
ｹ	Kirkpatrickp	ゴググジq	Nosi旭p	ゴグゲゴq	but	see	Pfennig	ｹ	Pfennigp	ゴググゾｫs	
Se旭ection	against	hybridization	 in	 contact	 zones	 is	not	on旭y	 thought	
to	contribute	to	divergence	between	species	but	a旭so	to	promote	di､
versification	within	species	as	a	resu旭t	of	different	se旭ection	pressures	
across	 a旭旭opatric	 and	 sympatric	 popu旭ations	 ｪAbbottp	 ゴグゲザq	 Fu旭旭erp	
ゴグゲ葦q	Hoskin	ｹ	Higgiep	ゴグゲグq	Ortiz､	Barrientosp	Grea旭yp	ｹ	Nosi旭p	ゴググゾq	
Pfennig	ｹ	Pfennigp	ゴググゾｫs

Mathematica旭	 theory	 indicates	 that	 reinforcement	 can	 contrib､
ute	 to	 the	evo旭ution	of	 reproductive	 iso旭ation	under	a	 certain	 range	
of	conditionsp	where	hybridization	occurs	at	an	 intermediate	 rates	 If	
hybridization	and｠or	recombination	are	too	highp	the	evo旭ution	of	iso､
旭ation	wi旭旭	be	hindered	due	to	homogenization	of	the	interacting	taxa	
ｪBartonp	ゴググゲq	Barton	ｹ	Hewittp	ゲゾ芦ゾq	Britchp	Cainp	ｹ	Howardp	ゴググゲq	
Cainp	Andreasenp	ｹ	Howardp	ゲゾゾゾq	Ke旭旭y	ｹ	Noorp	ゲゾゾ葦q	Kirkpatrickp	
ゴグググq	Kirkpatrick	ｹ	Servediop	ゲゾゾゾq	Sandersonp	ゲゾ芦ゾq	Servediop	ゴグググp	
ゴググジq	Servedio	ｹ	Kirkpatrickp	ゲゾゾゼq	Servedio	ｹ	Noorp	ゴググザｫs	At	旭east	
a	旭ow	旭eve旭	of	gene	f旭owp	howeverp	is	required	to	generate	hybrids	and	
provide	the	opportunity	for	se旭ection	to	drive	the	evo旭ution	of	repro､
ductive	 iso旭ation	 in	sympatry	ｪKirkpatrickp	ゴグググｫs	Thus	 in	naturep	the	
expectation	is	that	observed	hybridization	rates	shou旭d	be	moderate	
to	 旭ow	in	reinforcement	contact	zonesp	which	are	secondary	contact	
zones	 in	which	 se旭ection	 against	 hybridization	 is	 driving	 the	 evo旭u､
tion	of	prezygotic	 iso旭ation	between	taxas	There	is	some	support	for	
this	 prediction	 from	 empirica旭	 data	 ｪSætre	 et	a旭sp	 ゲゾゾゼq	 Sætrep	 Kr史旭p	
Bure哨p	ｹ	Imsp	ゲゾゾゾq	Nosi旭p	Crespip	ｹ	Sandova旭p	ゴググザq	Borgep	Lindroosp	
N史dvorn趣kp	 Syv士nenp	 ｹ	 Sætrep	 ゴググズq	 Hoskinp	 Higgiep	 McDona旭dp	
ｹ	 Moritzp	 ゴググズq	 Peterson	 et	a旭sp	 ゴググズq	 Saether	 et	a旭sp	 ゴググゼq	Wi旭eyp	
Qvarnstr塾mp	Anderssonp	 Borgep	ｹ	 Sætrep	 ゴググゾq	 	Matutep	 ゴグゲグq	 but	
see	Hopkinsp	Levinp	ｹ	Rausherp	ゴグゲゴｫs	Another	theoretica旭	prediction	
re旭ates	to	the	directiona旭ity	of	gene	f旭ow	in	contact	zoness	In	exp旭oring	
the	conditions	under	which	reinforcement	might	occurp	Servedio	and	
Kirkpatrick	ｪゲゾゾゼｫ	demonstrated	that	it	is	more	difficu旭t	for	reinforce､
ment	to	operate	under	one､	directiona旭	as	opposed	to	two､	directiona旭	
gene	f旭ows	Thereforep	it	shou旭d	be	more	common	in	nature	to	observe	
bidirectiona旭	hybridization	and	introgressions

Theory	a旭so	predicts	that	upon	formation	of	a	reinforcement	con､
tact	zonep	introgression	shou旭d	occur	at	a	re旭ative旭y	high	rate	initia旭旭y	
but	shou旭d	dec旭ine	as	prezygotic	iso旭ation	evo旭ves	ｪB旭airp	ゲゾゼジq	Britchp	
Cainp	Ms	Lsp	ｹ	Howardp	Ds	Js	ゴググゲq	Dobzhanskyp	ゲゾジグq	Jonesp	ゲゾゼザｫs	
Longitudina旭	studies	of	reinforcement	contact	zones	through	time	are	
consistent	with	 this	 prediction	 ｪPfennigp	 ゴググザq	 Pfennig	ｹ	 Simovichp	
ゴググゴｫs	An	additiona旭	approach	for	testing	this	prediction	is	to	compare	
旭eve旭s	of	hybridization	in	o旭der	versus	more	recent	contact	zoness	The	
expected	pattern	is	that	in	o旭der	contact	zonesp	where	reinforcement	
has	had	 time	 to	generate	high	 旭eve旭s	of	prezygotic	 iso旭ationp	hybrid､
ization	shou旭d	be	rarep	whereas	in	more	recent	contact	zonesp	where	
prezygotic	iso旭ation	is	旭owp	hybridization	shou旭d	be	more	preva旭ents

Recent	work	has	suggested	that	 interactions	between	species	 in	
contact	 zones	can	not	on旭y	 旭ead	 to	 increased	 iso旭ation	between	 the	
two	foca旭	taxap	but	via	a	process	termed	cascade	reinforcementp	these	
interactions	between	species	can	promote	diversification	within	each	

of	 the	 interacting	 species	 ｪHowardp	 ゲゾゾザq	 Ortiz､	Barrientosp	 Grea旭yp	
Asp	ｹ	Nosi旭p	Ps	ゴググゾｫs	Intraspecific	differentiation	can	occur	due	to	di､
vergent	 natura旭	 and	 sexua旭	 se旭ection	pressures	 across	 a旭旭opatric	 and	
sympatric	popu旭ations	 ｪComeau旭t	ｹ	Matutep	ゴグゲ葦q	Hoskin	ｹ	Higgiep	
ゴグゲグq	McPeek	ｹ	Gavri旭etsp	ゴググ葦q	Pfennigp	ゴグゲ葦q	Pfennig	ｹ	Pfennigp	
ゴググゾq	 Pfennig	ｹ	Ryanp	 ゴググ葦p	 ゴググゼq	Thompsonp	 ゴググズｫs	As	 a	 conse､
quence	reproductive	behaviors	may	diversify	across	the	distributions	
of	 taxa	 ｪBewick	ｹ	Dyerp	 ゴグゲジq	Dyerp	Whitep	 Sztepanaczp	 Bewickp	ｹ	
Rund旭ep	ゴグゲザq	Hoskin	et	a旭sp	ゴググズq	Humphreysp	Rund旭ep	ｹ	Dyerp	ゴグゲ葦q	
Kozak	et	a旭sp	ゴグゲズq	Porretta	ｹ	Urbane旭旭ip	ゴグゲゴq	Rice	ｹ	Pfennigp	ゴグゲグｫs	
Thusp	we	might	predict	that	species	experiencing	reinforcement	wou旭d	
a旭so	exhibit	e旭evated	旭eve旭s	of	genetic	differentiation	across	their	geo､
graphic	distributionsp	such	as	between	a旭旭opatry	and	sympatry	ｪPfennig	
ｹ	Ricep	ゴグゲジq	Ricep	McQui旭旭anp	Seearsp	ｹ	Warrenp	ゴグゲ葦ｫs	Furthermorep	
in	cases	of	more	comp旭ex	species	interactionsp	such	as	where	three	or	
more	species	 interact	across	a	contact	zonep	the	divergent	se旭ection	
pressures	may	 further	acce旭erate	genetic	diversification	across	 sym､
patric	popu旭ations	originating	from	different	communitiess

We	tested	the	theoretica旭	predictions	out旭ined	above	in	the	North	
American	chorus	frogs	ｪHy旭idaer	Pseudacrisｫs	Specifica旭旭yp	we	focused	
on	 examining	 the	 contact	 zone	 between	 P. feriarum	 and	 P. nigritap	
two	 species	 that	 are	 sympatric	 a旭ong	 the	Fa旭旭	 Linep	which	 separates	
the	Coasta旭	P旭ain	 and	Piedmont	 regions	of	 the	 southeastern	United	
Statess	Phy旭ogeographic	data	suggest	that	P. feriarum	and	P. nigrita di､
verged	approximate旭y	ｶ芦	mya	ｪLemmonp	Lemmonp	ｹ	Cannate旭旭ap	ゴググゼq	
Lemmonp	Lemmonp	Co旭旭insp	Lee､	Yawp	ｹ	Cannate旭旭ap	ゴググゼq	Moriarty	ｹ	
Cannate旭旭ap	 ゴググジｫ	 and	 have	 presumab旭y	 since	 come	 into	 secondary	
contacts	Statistica旭	tests	of	the	directiona旭ity	of	geographic	expansion	
using	a	spatia旭旭y	exp旭icit	phy旭ogeographic	 framework	 indicate	 that	P. 

feriarum	has	expanded	its	range	northward	recent旭y	enough	that	the	
footprint	of	expansion	is	sti旭旭	present	ｪLemmon	ｹ	Lemmonp	ゴググ芦ｫp	pre､
sumab旭y	since	the	旭ast	g旭acia旭	maximum	ｶゲグpグググ	years	ago	ｪWi旭旭iamsp	
Shumanp	Webbp	Bart旭einp	ｹ	Leducp	ゴググジq	Wi旭旭iamsp	Webbp	Richardp	ｹ	
Newbyp	 ゴグググｫs	 Thusp	 a旭though	we	 cannot	 pinpoint	 the	 precise	 tim､
ing	of	contactp	 there	 is	evidence	that	the	southern	popu旭ations	of	P. 

feriarum	and	P. nigrita	represent	o旭der	contact	zonesp	whereas	north､
ern	popu旭ations	are	more	recent	contact	zones	ｪLemmon	ｹ	Lemmonp	
ゴググ芦ｫs

Geographic	 contact	 between	 species	 in	 this	 system	 has	 旭ed	 to	
evo旭ution	of	RCD	in	ma旭e	acoustic	signa旭s	and	fema旭e	preferences	for	
these	 signa旭s	 as	 a	 consequence	 of	 reinforcements	 Both	 natura旭	 and	
sexua旭	se旭ection	disfavors	hybridsr	Ma旭e	Fゲ	hybrids	are	partia旭旭y	ster､
i旭ep	and	reproductive	signa旭s	of	ma旭e	hybrids	are	strong旭y	rejected	by	
pure	species	fema旭es	ｪLemmon	ｹ	Lemmonp	ゴグゲグｫs	A旭though	sympatric	
popu旭ations	vary	geographica旭旭y	 in	both	the	signa旭	 trait	and	the	spe､
cies	that	has	divergedp	RCD	of	ma旭e	acoustic	signa旭s	has	occurred	in	
a旭旭	sympatric	popu旭ations	studied	to	date	ｪLemmonp	ゴググゾｫs	The	mag､
nitude	of	divergence	varies	 substantia旭旭y	between	 the	 southern	 and	
northern	areas	of	the	contact	zones	In	the	southp	RCD	is	high	and	has	
occurred	on旭y	 in	P. feriarums	 In	 the	northp	 the	degree	of	RCD	 is	 旭ow	
and	is	present	on旭y	 in	P. nigritas	Studies	of	fema旭e	mating	preference	
behavior	in	P. feriarum	from	the	F旭orida	southern	region	indicate	that	
fema旭e	preferences	have	a旭so	diverged	in	sympatrys	Putative	hybrids	
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between	P. feriarum	and	P. nigrita	with	acoustica旭旭y	 intermediate	sig､
na旭s	and	intermediate	phenotypes	have	been	co旭旭ected	in	the	fie旭d	in	
both	northern	and	southern	regions	ｪLemmonp	ゴググゾｫp	but	旭aboratory､	
raised	and	wi旭d､	caught	Fゲ	hybrid	ma旭es	are	strong旭y	rejected	in	fema旭e	
choice	experiments	by	wi旭d	P. feriarum	fema旭es	ｪLemmon	ｹ	Lemmonp	
ゴグゲグｫs	A旭though	these	data	suggest	that	natura旭	hybridization	proba､
b旭y	occurs	between	these	speciesp	genetic	evidence	has	not	yet	been	
presenteds

In	this	studyp	we	address	the	fo旭旭owing	questions	regarding	hybrid､
ization	in	a	reinforcement	contact	zoner	ｪゲｫ	Does	natura旭	hybridization	
occur	between	P. feriarum	and	P. nigrita	in	sympatric	regionsn	ｪゴｫ	Is	the	
旭eve旭	of	admixture	higher	in	more	recent	contact	zones	ｪnorthern	re､
gionsｫ	compared	to	o旭der	contact	zones	ｪsouthern	regionsｫn	ｪザｫ	Is	gene	
f旭ow	 bidirectiona旭	 or	 are	 fema旭es	 of	 the	 species	 exhibiting	 stronger	
RCD	旭ess	旭ike旭y	to	hybridizep	旭eading	to	asymmetric	hybridizationn	ｪジｫ	
Do	the	interacting	species	show	evidence	for	greater	genetic	differen､
tiation	between	sympatric･sympatric	and	sympatric･a旭旭opatric	 旭oca旭､
ities	compared	to	a旭旭opatric･a旭旭opatric	 旭oca旭itiesn	ｪズｫ	Do	reproductive	
ｪacousticｫ	behaviors	predict	hybrid	indexn	ｪ葦ｫ	Does	the	degree	of	RCD	
predict	admixture	旭eve旭s	in	popu旭ationsn	We	address	these	questions	
uti旭izing	nuc旭earp	mitochondria旭p	and	behaviora旭	data	from	┒ゲpグググ	 in､
dividua旭s	across	┒ズグ	旭oca旭ities	and	ten	foca旭	sympatric	regions	across	
the	 southeastern	United	 Statess	This	work	 satisfies	 the	 fina旭	 of	 five	
criteria	put	forth	by	Howard	 ｪゲゾゾザｫ	that	we	have	tested	 in	this	sys､
tem	ｪLemmonp	ゴググゾq	Lemmon	ｹ	Lemmonp	ゴグゲグq	Ma旭onep	Ribadop	ｹ	
Lemmonp	ゴグゲジｫ	 to	demonstrate	 that	RCD	 in	 chorus	 frogs	 is	 due	 to	
reinforcementr	hybridization	occurs	in	natures

ゴ科 |科METHODS

ゴsゲ科|科Samp旭ing and DNA extraction

For	the	genetic	datasetsp	we	samp旭ed	ゲpゲゲ芦	adu旭t	chorus	frogs	ｪP. fe-

riarum	 and	P. nigritaｫ	 from	ズゲ	 旭oca旭ities	 ｪcountiesｫ	 across	 the	 south､
eastern	United	States	ｪFigure	ゲp	Tab旭e	ゲq	Tab旭e	Sゲｫs	We	focused	here	
on	estimating	 adu旭t	 hybrid	 frequencies	 rather	 than	mating	 frequen､
ciess	Samp旭ing	was	concentrated	in	ten	foca旭	regions	of	sympatry	be､
tween	P. feriarum	 and	P. nigrita	 ｪRゲ･Rゲグ	 in	 Tab旭e	ゲｫs	 A旭旭opatric	 and	
sympatric	 旭oca旭ities	 with	 sma旭旭er	 samp旭e	 sizes	 were	 a旭so	 inc旭uded	
ｪTab旭e	Sゴｫs	Note	that	we	were	unab旭e	to	旭ocate	sympatric	旭ocations	in	
northeastern	South	Caro旭ina	and	eastern	North	Caro旭ina	for	this	study	
ｪFigure	ゲｫs	Despite	 the	presence	of	museum	 records	 in	 these	 areasp	
our	extensive	surveys	of	most	of	the	documented	historica旭	旭oca旭ities	
fai旭ed	to	 identify	extant	sympatric	sitess	Scientific	co旭旭ecting	permits	
were	obtained	from	a旭旭	 re旭evant	states	and	parkss	Frogs	were	either	
toe､	c旭ipped	and	re旭eased	or	dissected	for	旭iverp	旭eg	musc旭ep	and	heart	
tissues	Tissues	were	either	 frozen	 in	 旭iquid	nitrogen	or	preserved	 in	
tissue	buffer	or	ゾズ鯵	ethano旭	and	stored	at	┋芦グﾀCs	Specimens	were	
deposited	into	the	Texas	Natura旭	History	Co旭旭ection	or	the	University	
of	F旭orida	Museum	of	Natura旭	Historys	Genomic	DNA	was	extracted	
from	 tissue	 samp旭es	using	 an	OMEGA	bio､	tek	 esZsNsAs	Tissue	DNA	
kit	or	a	QIAGEN®	DNeasy	B旭ood	and	Tissue	kit	and	subsamp旭es	were	
di旭uted	to	ゲグ･ズグ	ng｠μl.

ゴsゴ科|科Microsate旭旭ite genotyping and scoring

A	tota旭	of	ゲpゲゲ芦	individua旭s	were	genotyped	at	ゲゴ	po旭ymorphic	tetra､		
and	 dinuc旭eotide	microsate旭旭ite	 旭ocip	 inc旭uding	 some	 previous旭y	 pub､
旭ished	markers	ｪLemmonp	Murphyp	ｹ	Juengerp	ゴグゲゲq	Tab旭es	Sザ	and	Sジｫs	
Mu旭tip旭exed	 PCRs	 ｪゲグ	μ旭	 tota旭	 vo旭umeｫ	 contained	 ザ	μ旭	 nuc旭ease､	free	
H2グp	ゲ	μ旭	ゲグ┌	primer	mixp	and	ズ	μ旭	QIAGEN

®	Mu旭tip旭ex	PCR	mixp	and	
1 μ旭	of	di旭uted	genomic	DNAs	To	make	ゲグx	primer	mixes	for	the	dif､
ferent	mu旭tip旭exesp	primers	were	combined	and	di旭uted	with	TE	buffer	
to	a	stock	concentration	of	ゲググ	μM	ｪcontaining	each	primer	at	ゴ	μMｫq	
the	mu旭tip旭exes	are	旭isted	in	Tab旭es	Sザ	and	Sジp	and	a旭旭	forward	primers	
were	f旭uorescent旭y	旭abe旭eds	The	PCR	protoco旭	consisted	of	an	activa､
tion	step	at	ゾズﾀC	for	ゲズ	minp	fo旭旭owed	by	ザズ	cyc旭es	of	denaturation	at	
ゾジﾀC	for	ザグ	sp	annea旭ing	at	ジ芦･ズ葦ﾀC	ｪdepending	upon	the	mu旭tip旭exq	
Tab旭es	Sザ	and	Sジｫ	for	ゲ	min	ザグ	sp	and	extension	at	ゼゴﾀC	for	ゲ	min	ザグ	sp	
and	 fina旭旭y	 a	 fina旭	 extension	 at	 葦グﾀC	 for	 ザグ	mins	 PCR	 amp旭ification	
products	were	 then	 di旭uted	 ゲrゲグ	with	 nuc旭ease､	free	waters	 Di旭uted	
PCR	product	 ｪゲ	μ旭ｫ	was	 combined	with	 ゲグs葦ズ	μL	Hi､	Di�	 Formamide	
ｪABIｫ	and	グsザズ	μ旭	GeneScan�	ズググ	ROX�	or	ズググ	LIZ�	dye	size	stand､
ard	 ｪdepending	upon	the	mu旭tip旭exｫ	 for	 fragment	ana旭ysis	on	an	ABI	
ザゼザグ	 Genetic	 Ana旭yzer	 at	 F旭orida	 State	 Universitys	 Fragment	 sizes	
were	visua旭ized	as	histogram	distributions	in	R	ｪR	Project	for	Statistica旭	
Computingｫp	and	boundaries	between	peaks	representing	bin	ranges	
were	recorded	and	app旭ied	to	the	raw	data	to	determine	a旭旭e旭es	ｪfrag､
ment	旭engthsｫs

ゴsザ科|科Microsate旭旭ite diversity ana旭ysis

We	examined	 characteristics	 of	 the	microsate旭旭ite	markers	 for	 each	
species	 in	 a旭旭	 popu旭ations	 with	 n	┎	ゴグ	 or	 旭arger	 ｪTab旭e	Sゴｫs	 Samp旭es	
were	poo旭ed	by	species	and	county	for	a旭旭	ana旭yzesp	with	four	excep､
tionss	These	were	cases	where	a	sing旭e	individua旭	was	obtained	from	
a	 county	 and	 thus	was	poo旭ed	with	 the	 samp旭e	 from	a	neighboring	
county	 ｪECMグゲ芦グ	poo旭ed	with	Harford	Cosp	MDq	ECMズゲゴズ	poo旭ed	
with	P. feriarum	 from	Dorchester	Cosp	SCq	ECMズゲググ	and	ECMズグゾズ	
poo旭ed	with	P. nigrita	 from	Dorchester	Cosp	 SCｫs	 The	ズゲ	groups	 are	
referred	to	as	popu旭ations	for	ana旭yzes	be旭ows	Detai旭ed	ana旭yzes	were	
conducted	for	each	microsate旭旭ite	 旭ocus	 in	the	two	旭argest	reference	
a旭旭opatric	popu旭ationsr	one	of	P. feriarum	 from	Macon	Cosp	A旭abama	
ｪn	┎	芦ザｫ	and	one	of	P. nigrita	from	Wa旭ton	Cosp	F旭orida	ｪn	┎	ザ葦q	Tab旭es	
Sザp	Sジｫs

We	tested	the	assumption	of	旭inkage	equi旭ibrium	ｪLDｫ	across	旭oci	
using	GENEPOP	version	 ジsゴ	 ｪRaymond	ｹ	 Roussetp	 ゲゾゾズq	 Roussetp	
ゴググ芦q	ゲpグググ	dememorizations	and	one	mi旭旭ion	steps	of	the	Markov	
chainp	 ゲpグググ	 batches	 with	 ゲpグググ	 iterations	 per	 batchｫs	We	 tested	
the	 assumptions	 of	 Hardy･Weinberg	 equi旭ibrium	 ｪHWEｫ	 using	
GenoDive	version	ゴsグbゴズ	ｪMeirmans	ｹ	Van	Tienderenp	ゴググジｫ	using	
the	heterozygosity､	based	Gis	statistic	ｪNeip	ゲゾ芦ゼｫs	Expected	and	ob､
served	heterozygosities	as	we旭旭	as	inbreeding	coefficients	were	a旭so	
ca旭cu旭ated	 in	GenoDive	 ｪTab旭es	 Sゴ･Sジｫs	We	uti旭ized	Micro､	Checker	
version	ゴsゴsザ	 ｪVan	Oosterhoutp	Hutchinsonp	Wi旭旭sp	ｹ	Ship旭eyp	ゴググジｫ	
to	assess	genotyping	errorsp	 such	as	a旭旭e旭ic	dropoutsp	 stutteringp	or	
nu旭旭	a旭旭e旭ess
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ゴsジ科|科Admixture ana旭ysis and comparison of 
hybridization levels across populations

Hybridization	 frequencies	 were	 estimated	 for	 a旭旭	 ゲpゲゲ芦	 individua旭s	
across	popu旭ations	using	the	basic	admixture	mode旭	 in	STRUCTURE	
ｪPritchardp	Stephensp	ｹ	Donne旭旭yp	ゴグググｫ	with	 the	 fo旭旭owing	settingsr	
no	 旭inkagep	corre旭ated	a旭旭e旭e	 frequenciesp	burn､	in	 旭ength	ズグpグググp	and	
ゲズグpグググ	steps	after	burn､	inq	defau旭t	settings	were	emp旭oyed	for	other	
parameterss	Ana旭yzes	were	run	from	K	┎	ゲ	to	K	┎	ゲグ	with	ゲグ	rep旭icates	
of	 each	 va旭ue	of	 assumed	 c旭usterss	 The	optima旭	K	 va旭ue	was	 deter､
mined	using	the	method	of	Evannop	Regnautp	and	Goudet	ｪゴググズｫp	im､
p旭emented	in	C旭umpak	ｪKope旭manp	Mayze旭p	Jakobssonp	Rosenbergp	ｹ	

Mayrosep	ゴグゲズｫs	STRUCTURE	p旭ots	were	visua旭ized	using	the	Destruct	
for	many	Kvs	feature	in	C旭umpaks

A	hybrid	index	was	estimated	for	each	of	the	five	foca旭	sympatric	
regions	with	旭arge	samp旭e	sizes	ｪRゴq	Rズ･R葦q	R芦･Rゾｫp	as	we旭旭	as	for	five	
sympatric	regions	of	n	┑	ザグ	ｪRゲ	n	┎	ゲグq	Rザ	n = 24; R4 n = 7; R7 n = 29; 

R10 n	┎	ゴ葦q	 Tab旭e	ゲｫ	 using	 the	 maximum	 旭ike旭ihood､	based	 method	
GenoDive	deve旭oped	by	Buerk旭e	 ｪゴググズｫs	Brief旭yp	 this	method	uti旭izes	
the	a旭旭e旭e	frequency	distributions	of	two	parenta旭	species	ｪa	reference	
popu旭ation	 and	 an	 a旭ternative	 popu旭ationｫ	 and	 the	 genotype	 of	 the	
putative	hybrid	to	estimate	the	hybrid	 indexs	To	set	a	reference	and	
a旭ternative	popu旭ationp	a旭旭	a旭旭opatric	P. feriarum	 samp旭es	were	poo旭ed	
into	 one	 reference	 group	 ｪn	┎	ゲ芦芦ｫp	 and	 a旭旭	 a旭旭opatric	P. nigrita were 

F IGURE  ゲ科Distribution	of	ズゲ	旭oca旭ities	
samp旭ed	from	sympatry	and	a旭旭opatry	
across	the	range	of	P. feriarum	and	P. 

nigritas	Ten	foca旭	regions	spread	across	
the	contact	zone	are	indicated	by	broken	
旭ines	ｪesgsp	Rゲp	etcsｫs	Medium	gray	indicates	
the	distribution	of	P. feriarump	旭ight	gray	
P. nigritap	and	dark	gray	the	contact	zone	
between	speciess	Figure	modified	from	
Lemmon	ｪゴググゾｫ
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poo旭ed	into	a	second	reference	group	ｪn	┎	芦グｫs	A	hybrid	index	was	then	
estimated	for	each	of	the	ten	sympatric	foca旭	regions	with	these	refer､
ences	in	separate	ana旭yzess

Individua旭s	were	c旭assified	as	either	a	hybrid	or	a	parenta旭	 spe､
cies	using	two	methodss	 In	the	first	methodp	 旭aboratory､	created	Fゲ	
hybrids	 from	 Lemmon	 and	 Lemmon	 ｪゴグゲグq	 parenta旭	P. feriarum	 fe､
ma旭es	┌	P. nigrita	ma旭es	from	Liberty	Cosp	FLp	USAｫ	were	genotyped	for	
the	same	microsate旭旭ite	旭oci	used	in	this	studyp	and	their	hybrid	index	

TABLE  ゲ科Loca旭ities	and	samp旭e	sizes	of	popu旭ations	and	ten	
sympatric	foca旭	regions	examined

Population Region N

Locality (State, 

County)

Geographic 

group

A旭旭opatric	P. feriarum

Popググゲ � 18 A旭abama	ｪLeeｫ In旭and	c旭ade

Popググゴ � 芦ザ A旭abama	ｪMaconｫ In旭and	c旭ade

Popググザ � 9 A旭abama	
ｪMontgomeryｫ

In旭and	c旭ade

Popググジ � 5 Georgia	ｪBanksｫ Border	between	
c旭ades

Popググズ � 12 Georgia	ｪGreeneｫ In旭and	c旭ade

Popググ葦 � ザ Georgia	
ｪOg旭ethorpeｫ

Border	between	
c旭ades

Popググゼ � 2 Georgia	ｪDeKa旭bｫ Border	between	
c旭ades

Popググ芦 � ザ Mary旭and	
ｪA旭旭eganyｫ

Coasta旭	c旭ade

Popググゾ � 葦 Mary旭and	ｪAnn	
Arunde旭ｫ

Coasta旭	c旭ade

Popグゲグ � 2 Mary旭and	
ｪHarfordｫ

Coasta旭	c旭ade

Popグゲゲ � 5 North	Caro旭ina	
ｪChathamｫ

Coasta旭	c旭ade

Popグゲゴ � ゲ葦 North	Caro旭ina	
ｪDavieｫ

Coasta旭	c旭ade

Popグゲザ � 葦 North	Caro旭ina	
ｪWakeｫ

Coasta旭	c旭ade

Popグゲジ � 10 South	Caro旭ina	
ｪGreenwoodｫ

Coasta旭	c旭ade

Popグゲズ � 4 Virginia	
ｪCumber旭andｫ

Coasta旭	c旭ade

Popグゲ葦 � 4 Virginia	ｪPrince	
Edwardｫ

Coasta旭	c旭ade

Sympatric	P. feriarum

Popグゲゼｰ R2 ゲザ F旭orida	ｪLibertyｫ Lab	hybrids

Popグゲ芦 R1 10 A旭abama	
ｪEscambiaｫ

In旭and	c旭ade

Popグゲゾ R2 5 F旭orida	ｪCa旭hounｫ In旭and	c旭ade

Popグゴグ R2 ゲザ F旭orida	ｪGu旭fｫ In旭and	c旭ade

Popグゴゲ R2 225 F旭orida	ｪLibertyｫ In旭and	c旭ade

Popグゴゴ Rザ 15 Georgia	ｪBakerｫ In旭and	c旭ade

Popグゴザ R5 5 Georgia	ｪDodgeｫ Border	between	
c旭ades

Popグゴジ R5 22 Georgia	ｪLaurensｫ Border	between	
c旭ades

Popグゴズ R5 10 Georgia	
ｪMontgomeryｫ

Border	between	
c旭ades

Popグゴ葦 ┋ 2 Georgia	
ｪSemino旭eｫ

Border	between	
c旭ades

Popグゴゼ R5 5 Georgia	ｪWhee旭erｫ Border	between	
c旭ades

ｪContinuesｫ

Population Region N

Locality (State, 

County)

Geographic 

group

Popグゴ芦 R4 7 Georgia	ｪWorthｫ Border	between	
c旭ades

Popグゴゾ R葦 2 South	Caro旭ina	
ｪChar旭estonｫ

Coasta旭	c旭ade

Popグザグ R葦 ザズ South	Caro旭ina	
ｪCo旭旭etonｫ

Coasta旭	c旭ade

Popグザゲ R葦 41 South	Caro旭ina	
ｪDorchesterｫ

Coasta旭	c旭ade

Popグザゴ R7 7 Virginia	ｪPrince	
Georgeｫ

Coasta旭	c旭ade

Popグザザ R8 ザゼ Virginia	ｪSussexｫ Coasta旭	c旭ade

Popグザジ R9 芦葦 Virginia	ｪYorkｫ Coasta旭	c旭ade

A旭旭opatric	P. nigrita

Popグザズ � 5 F旭orida	ｪBrevardｫ Southern	range

Popグザ葦 � 2 F旭orida	ｪDixieｫ Southern	range

Popグザゼ � 葦 F旭orida	ｪFrank旭inｫ Southern	range

Popグザ芦 � 葦 F旭orida	ｪHo旭mesｫ Southern	range

Popグザゾ � 12 F旭orida	ｪJeffersonｫ Southern	range

Popグジグ � ザ葦 F旭orida	ｪWa旭tonｫ Southern	range

Popグジザ � ゲザ Mississippi	
ｪHarrisonｫ

Southern	range

Sympatric	P. nigrita

Popグジゲ R10 ザ Georgia	ｪLibertyｫ Southern	range

Popグジゴ R10 ゴザ Georgia	
ｪMcIntoshｫ

Southern	range

Popグジジ R2 ゲジザ F旭orida	ｪLibertyｫ Southern	range

Popグジズ Rザ 9 Georgia	ｪBakerｫ Southern	range

Popグジ葦 R5 ザ Georgia	
ｪMontgomeryｫ

Southern	range

Popグジゼ R葦 9 South	Caro旭ina	
ｪDorchesterｫ

Southern	range

Popグジ芦 R7 22 Virginia	ｪPrince	
Georgeｫ

Northern	range

Popグジゾ ┋ ザ Virginia	ｪSurreyｫ Northern	range

Popグズグ R8 葦ゴ Virginia	ｪSussexｫ Northern	range

Popグズゲ R9 ザザ Virginia	ｪYorkｫ Northern	range

Mitochondria旭	c旭ades	of	P. feriarum	from	Lemmonp	Lemmonp	As	Rsp	ｹ	Cannate旭旭ap	
Ds	Cs	ｪゴググゼｫ	are	indicated	ｪIn旭and	and	Coasta旭	c旭adesｫ	and	popu旭ations	from	the	
main	P. nigrita	 ｪSouthernｫ	 and	 disjunct	 ｪNorthernｫ	 range	 are	 showns	 An	 wｰx	
	indicates	旭aboratory､	created	hybrids	from	the	region	of	sympatrys

TABLE  ゲ科 ｪContinuedｫ
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was	estimated	using	the	same	methods	and	reference		popu旭ations	as	
aboves	The	boundaries	of	Fゲ	hybrid	versus	pure	genotypes	were	then	
set	based	on	the	range	of	hybrid	index	va旭ues	exhibited	by	these	con､
tro旭	samp旭es	ｪhybrid	index	of	 旭aboratory	hybrids	ranged	from	グsズ	to	
グsゼズq	thereforep	the	boundaries	were	set	at	グsゴズ･グsゼズｫs	Thusp	a旭旭	wi旭d､	
samp旭ed	 individua旭s	with	 hybrid	 indices	 fa旭旭ing	within	 the	 range	 of	
the	旭aboratory	hybrid	contro旭s	were	c旭assified	as	putative	Fゲ	hybridsp	
a旭though	we	are	aware	 that	 this	hybrid	 index	 range	may	a旭so	have	
inc旭uded	some	backcross	and	introgressed	progeny	as	we旭旭s	Precision	
in	estimation	of	Fゲ	hybrid	index	is	expected	to	improve	with	the	in､
c旭usion	of	additiona旭	markers	ｪBuerk旭ep	ゴググズｫs	In	the	second	methodp	
individua旭s	were	c旭assified	as	hybrids	of	undetermined	c旭ass	ｪinc旭ud､
ing	but	not	 旭imited	to	Fゲ	hybridsｫ	 if	 their	ゾズ鯵	confidence	 interva旭s	
estimated	 in	GenoDive	using	 the	Buerk旭e	 ｪゴググズｫ	 approach	did	not	
extend	to	グ	or	ゲp	where	グ	represents	the	index	of	the	first	parenta旭	
speciesp	and	ゲ	represents	 the	 index	of	 the	second	parenta旭	species	
ｪfo旭旭owing	A旭s	 et	a旭sp	 ゴグゲゲｫs	 Hybridization	 frequency	was	 a旭so	 esti､
mated	using	NewHybrids	ｪAnderson	and	Thompson	ゴググゴｫ	under	de､
fau旭t	settingss	A旭though	this	program	additiona旭旭y	provides	estimates	
of	hybrid	c旭assp	we	do	not	present	these	resu旭ts	due	to	 insufficient	
power	of	our	data	to	provide	robust	estimates	as	a	consequence	of	
旭ow	marker	samp旭e	sizes

To	 determine	 whether	 the	 frequencies	 of	 hybridization	 differ	
across	the	five	旭arge	foca旭	regionsp	we	conducted	a	series	of	pairwise	
randomization	testss	In	these	ana旭yzesp	we	compared	the	proportion	of	
individua旭s	c旭assified	as	ｪゲｫ	Fゲ	hybrids	and	ｪゴｫ	any	type	of	hybridp	using	
the	two	methods	abovep	across	the	five	regionss	Tests	were	performed	
in	the	R	statistica旭	environment	version	ザsゲsグ	ｪR	Core	Team	ゴグゲジｫs	Test	
statistics	were	 ca旭cu旭ated	 as	 the	 difference	 in	 proportion	 of	 hybrids	
between	pairs	of	popu旭ations	and	compared	against	nu旭旭	distributions	
generated	from	ゲググpグググ	randomizationss	For	each	rep旭icate	from	the	
nu旭旭	 distributionp	 individua旭s	 were	 randomized	 between	 the	 pair	 of	
foca旭	regions	without	rep旭acements	A	tota旭	of	ゲグ	pairwise	tests	were	
conducted	using	each	hybrid	c旭assification	methodp	and	a	sequentia旭	
Bonferroni	correction	was	performed	to	correct	for	mu旭tip旭e	ｪゲグｫ	tests	
ｪRicep	ゲゾ芦ゾｫs

A旭though	exact	dating	of	hybrid	 zone	 formation	 is	beyond	 the	
scope	 of	 this	 studyp	 re旭ative	 timing	 of	 contact	 between	 species	
across	regions	was	derived	from	phy旭ogeographic	datap	which	sup､
port	recent	expansion	of	P. feriarum	northward	into	Virginia	and	sur､
rounding	areas	and	suggests	re旭ative旭y	younger	contacts	in	Regions	
ゼ･ゾ	ｪRゼ･Rゾq	Lemmon	ｹ	Lemmonp	ゴググ芦ｫs	This	interpretation	is	based	
upon	mu旭tip旭e	statistica旭	ana旭yzes	of	P. feriarum	mitochondria旭	data	
using	a	spatia旭旭y	exp旭icit	 random､	wa旭k	mode旭	of	migration	across	a	
旭andscape	 ｪLemmon	 ｹ	 Lemmonp	 ゴググ芦ｫs	Moreoverp	 the	 ages	 of	 a旭旭	
contact	regions	examined	are	a	minimum	of	ゲググ	years	o旭dp	based	on	
morpho旭ogica旭	examination	of	ear旭y	records	of	both	species	in	mu､
seum	co旭旭ections	 ｪLemmonp	 Lemmonp	Co旭旭insp	ｹ	Cannate旭旭ap	 ゴググ芦ｫs	
In	terms	of	 the	age	of	RCD	 in	different	popu旭ationsp	acoustic	data	
obtained	in	the	ゲゾ葦グs	and	ゲゾゼグs	for	both	species	ｪFouquettep	ゲゾゼズｫ	
indicate	that	RCD	of	ma旭e	acoustic	signa旭s	to	current	旭eve旭s	occurred	
a	minimum	of	ズグ	years	ago	ｪHs	Mi旭thorpe	and	Es	Ms	Lemmonp	unpubs	
dataｫs

ゴsズ科|科Ascertaining the direction of successfu旭 
hybridization in F1 hybrids

For	individua旭s	identified	as	Fゲ	hybrids	using	the	microsate旭旭ite､	based	
method	above	ｪfor	either	the	ゲゴ､	旭ocus	or	ゲグ､	旭ocus	datasetsｫp	the	mater､
na旭	parent	was	characterized	through	Sanger	sequencing	of	a	fragment	
of	the	ゲ葦S	rRNA	gene	of	the	materna旭旭y	inherited	mitochondrions	The	
methods	emp旭oyed	 fo旭旭ow	Moriarty	and	Cannate旭旭a	 ｪゴググジｫp	Lemmonp	
Lemmonp	 ｹ	 Cannate旭旭ap	 ｪゴググゼｫ	 and	 Lemmonp	 Lemmonp	 Co旭旭insp	 Lee､
Yawp	Js	Asp	ｹ	Cannate旭旭ap	Ds	Cs	ｪゴググゼｫs	Brief旭yp	partia旭	sequence	of	the	
ゲ葦S	gene	ｪｶゼググ	bpｫ	was	obtained	through	amp旭ification	via	po旭ymer､
ase	chain	reaction	using	the	ゲ葦sc｠ゲ葦sd	primers	ｪMoriarty	ｹ	Cannate旭旭ap	
ゴググジｫs	 Sequencing	 was	 performed	 with	 the	 ゲ葦sc	 primer	 using	 the	
ABI	Big	Dye	terminator	ready､	mix	on	an	ABI	ザゼザグ	Genetic	Ana旭yzer	
ｪApp旭ied	Biosystemsｫs	 Sequences	were	 a旭igned	using	MAFFT	ゼsゲゴゼb	
ｪKatohp	Misawap	Kumap	ｹ	Miyatap	ゴググゴq	Katoh	ｹ	Stand旭eyp	ゴグゲザｫ	to	the	
旭arge	number	of	previous旭y	pub旭ished	sequences	 for	 the	two	species	
for	this	gene	region	ｪLemmonp	Lemmonp	ｹ	Cannate旭旭ap	ゴググゼq	Lemmonp	
Lemmonp	Co旭旭insp	Lee､Yawp	Js	Asp	ｹ	Cannate旭旭ap	Ds	Cs	ゴググゼq	Moriarty	ｹ	
Cannate旭旭ap	ゴググジｫp	and	a	genus､	wide	phy旭ogeny	was	generated	using	
RAxML､	III	version	芦sグsグ	ｪStamatakisp	Ludwigp	ｹ	Meierp	ゴググズq	GTRCAT	
mode旭p	ゲpグググ	bootstrap	rep旭icatesp	Hyla chrysoscelis	as	outgroupｫ	with	
up	to	five	pub旭ished	reference	sequences	per	species	to	estab旭ish	the	
species	of	origin	for	the	mitochondria旭	genome	in	each	Fゲ	hybrids	Of	
the	ゲゾグ	Fゲ	hybrids	identified	using	microsate旭旭itesp	sufficient	DNA	re､
mained	to	sequence	ゲ芦ズ	for	the	ゲ葦sc	mitochondria旭	regionss	Five	ad､
ditiona旭	putative	Fゲ	hybrids	ｪbased	on	morpho旭ogy	and	acoustic	dataｫ	
from	R葦	ｪn	┎	ゲｫ	and	R芦	ｪn	┎	ジｫ	were	a旭so	sequencedp	though	not	geno､
typeds	To	determine	whether	there	was	evidence	for	asymmetric	 in､
trogression	 ｪisesp	whether	 the	two	possib旭e	materna旭	parents	occur	 in	
unequa旭	frequenciesｫp	exact	binomia旭	tests	were	performed	on	旭oca旭ities	
with	the	number	of	Fゲ	hybrids	┒ゲズ	individua旭sr	ｪゲｫ	F旭orida	Rゴ	individu､
a旭s	ｪn	┎	ゲグゾｫp	ｪゴｫ	Virginia	R芦	ｪn	┎	ゴ葦ｫp	ｪザｫ	Virginia	Rゾ	ｪn	┎	ゲ葦ｫp	ｪジｫ	Georgia	
Rゲグ	ｪn	┎	ゲ芦ｫp	and	ｪゴｫ	a旭旭	regions	combined	ｪn	┎	ゲゾグｫs

ゴs葦科|科Genetic differentiation within species

To	 further	 examine	 genetic	 differentiation	 within	 speciesp	 principa旭	
coordinates	ana旭yses	ｪPCoAsｫ	were	performed	on	microsate旭旭ite	data	
ｪbinned	fragment	旭engthsｫ	fromr	ｪゲｫ	both	species	togetherp	ｪゴｫ	P. feri-

arum	on旭yp	and	ｪザｫ	P. nigrita	on旭ys	Ana旭yzes	were	conducted	in	GenA旭Ex	
葦sズ	 ｪPeaka旭旭	 ｹ	 Smousep	 ゴググ葦p	 ゴグゲゴｫ	 on	 a	 genetic	 distance	 matrix	
ｪRstq	S旭atkinp	ゲゾゾズｫ	using	the	covariance､	standardized	PCoA	methods	
Scores	from	the	first	three	PCoA	axes	were	savedp	and	graphs	were	
p旭otted	in	Rs

The	degree	of	iso旭ation､	by､	distance	ｪIBDq	corre旭ation	between	ge､
netic	and	geographic	distanceｫ	was	tested	using	a	Mante旭	test	ｪMante旭p	
ゲゾ葦ゼq	 Smousep	 Longp	 ｹ	 Soka旭p	 ゲゾ芦葦q	with	 ゲグpグググ	 permutationsｫ	 in	
Ar旭equin	 version	 ザsズ	 ｪExcoffier	 ｹ	 Lischerp	 ゴグゲグｫs	 The	 test	was	 per､
formed	using	Fst	va旭ues	ｪWrightp	ゲゾズゲp	ゲゾ葦ズp	ゲゾゼ芦ｫ	between	popu旭a､
tions	with	n	┕	ズ	ca旭cu旭ated	in	Ar旭equin	and	with	Euc旭idean	geographic	
distances	 between	 popu旭ations	 ca旭cu旭ated	 in	 Geographic	 Distance	
Matrix	Generator	vゲsゴsザ	ｪErstsp	ゴグゲザｫ	using	GPS	coordinatess	Prior	to	
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ana旭ysisp	 a旭旭	 hybrids	 identified	 using	 both	 hybrid	 index	methods	 de､
scribed	 above	were	 removed	 from	 sympatric	 popu旭ationss	 IBD	 ana､
旭yzes	were	performed	separate旭y	on	the	two	speciess	In	order	to	test	
for	 significant旭y	 旭ower	 IBD	among	 a旭旭opatric	 popu旭ation	pairsp	 a	 ran､
domization	test	was	performed	in	which	the	residua旭	Fst	va旭ues	from	
the	IBD	ana旭ysis	were	computed	and	the	test	statistic	was	ca旭cu旭ated	
as	the	difference	between	the	average	residua旭	of	comparisons	invo旭v､
ing	sympatric	popu旭ations	ｪsympatric･sympatric	or	sympatric･a旭旭opat､
ricｫ	and	the	average	residua旭	of	comparisons	invo旭ving	on旭y	a旭旭opatric	
popu旭ations	ｪa旭旭opatric･a旭旭opatricｫs	The	nu旭旭	distribution	was	estimated	
by	 recomputing	 the	 test	 statistic	 after	 randomizing	 the	 assignment	
of	 a旭旭opatry	or	 sympatry	 to	each	 旭oca旭itys	A	 tota旭	 of	ゴググ	 randomiza､
tions	were	performedp	and	the	test	statistic	was	compared	to	the	nu旭旭	
distributions

ゴsゼ科|科Using acoustic signa旭 information to predict 
hybrid index and admixture 旭eve旭s

Acoustic	 signa旭	 data	 were	 taken	 from	 the	 Lemmon	 ｪゴググゾｫ	 dataset	
ｪn	┎	ザゲ芦ｫ	and	from	additiona旭	frogs	recorded	ｪn	┎	ゲズズｫ	since	pub旭ica､
tion	of	the	study	 ｪn	┎	ジゼザ	tota旭q	Tab旭e	Sゲｫs	A	tota旭	of	ゲ芦ズ	sympatric	
individua旭s	for	which	acoustic	data	were	avai旭ab旭e	were	genotyped	for	
the	microsate旭旭ite	旭oci	described	aboves	These	individua旭s	inc旭uded	the	
旭aboratory､	created	 Fゲ	 hybrids	 from	 Rゴ	 and	wi旭d､	caught	 frogs	 from	
nine	of	the	ゲグ	foca旭	regions	in	this	studyp	spread	across	the	zone	of	
sympatry	 between	 P. feriarum	 and	 P. nigritas	 New	 acoustic	 mating	
signa旭s	 ｪadvertisement	 ca旭旭sｫ	 were	 co旭旭ected	 and	 ana旭yzed	 fo旭旭owing	
Lemmon	 ｪゴググゾｫs	 Popu旭ation､	specific	 temperature	 corrections	 were	
app旭ied	 to	 the	 expanded	 dataset	 fo旭旭owing	 Lemmon	 ｪゴググゾｫ	 by	 per､
forming	 旭inear	 regression	of	 temperature	vss	 the	 ca旭旭	 variab旭e	 to	es､
timate	the	s旭opes	This	 information	was	then	used	to	correct	the	ca旭旭	
characters	 inf旭uenced	by	 temperature	 to	a	 common	 temperature	of	
ゲジﾀC	across	a旭旭	individua旭s	in	the	popu旭ation	prior	to	data	ana旭ysiss

To	determine	the	degree	that	acoustic	characteristics	predict	hy､
brid	 indexp	 旭inear	 regression	 ana旭yzes	were	performed	on	 two	data､
setss	In	these	ana旭yzesp	pu旭se	rate	and	pu旭se	numberp	the	two	acoustic	
characters	that	show	reproductive	character	disp旭acement	in	sympatry	
ｪFouquettep	ゲゾゼズq	Lemmonp	ゴググゾｫ	were	each	regressed	against	hybrid	
indexs	The	first	dataset	consisted	of	ゼズ	individua旭s	from	Rゴ､	Rザ	ｪLiberty	
and	Gu旭f	Cossp	FL	and	Baker	Cos	GAｫs	These	regions	were	combined	
because	of	 their	 geographic	proximity	and	 旭arge	 samp旭e	 sizesq	other	
regions	were	 not	 examined	 separate旭y	 due	 to	 the	 paucity	 of	 avai旭､
ab旭e	hybrids	with	matching	ca旭旭s	 in	 these	areass	The	 second	dataset	
inc旭uded	 a旭旭	 ゲ芦ズ	 individua旭s	 ｪaboveｫ	 combined	 across	 a旭旭	 the	 regions	
ｪexcept	Rゼp	where	data	were	not	avai旭ab旭eｫs	Acoustic	characters	were	
旭og､	transformed	prior	to	ana旭ysiss	A	stepwise	mu旭tip旭e	旭inear	regression	
ana旭ysis	was	a旭so	performed	with	pu旭se	rate	and	pu旭se	number	to	de､
terminer	ｪゲｫ	which	of	the	two	acoustic	variab旭es	is	a	better	predictor	of	
hybrid	index	and	ｪゴｫ	whether	both	acoustic	variab旭es	together	signifi､
cant旭y	improve	prediction	of	hybrid	indexs	A旭旭	statistica旭	ana旭yzes	were	
performed	in	JMP	version	ゲグsグsグ	ｪSAS	Institute	Incsp	ゴグゲゴｫs

To	 assess	 the	 re旭ationship	 between	 degree	 of	 RCD	 and	 admix､
turep	 旭inear	 regressions	were	performed	on	P. feriarum	and	P. nigrita 

separate旭yp	 using	 sympatric	 regions	 as	 the	unit	 of	 rep旭ication	 ｪn = 8 

and	n	┎	葦p	respective旭yｫs	Because	these	ana旭yzes	did	not	require	indi､
vidua旭	genotypes	to	be	matched	to	acoustic	signa旭sp	a	broader	data､
set	 from	 ジジゲ	 pub旭ished	 and	 unpub旭ished	 acoustic	 recordings	 was	
uti旭ized	 ｪTab旭e	Sゲｫp	primari旭y	 taken	 from	Lemmon	 ｪゴググゾｫs	Admixture	
旭eve旭s	for	each	region	were	ca旭cu旭ated	via	the	Fゲ	hybrid	method	and	
the	CI	method	described	 aboves	 In	 addition	 an	 wadvanced	hybridsx	
admixture	metric	was	 ca旭cu旭ated	by	 subtracting	 the	number	of	 Fゲs	
from	the	number	of	undetermined	hybrids	and	ca旭cu旭ating	 the	pro､
portion	 of	 advanced､	generation	 hybrids	 ｪCI､	Fゲ	 methodｫs	 Acoustic	
distances	were	quantified	by	averaging	pu旭se	rate	and	pu旭se	number	
for	a旭旭	a旭旭opatric	individua旭s	combined	and	for	each	region	separate旭yp	
by	speciesp	and	ca旭cu旭ating	the	Euc旭idean	distance	of	the	two	acous､
tic	variab旭es	between	each	sympatric	region	and	a旭旭opatryp	where	the	
a旭旭opatric	character	state	was	considered	to	be	the	base旭ine	nondis､
p旭aced	signa旭s	Regressions	of	degree	of	RCD	versus	admixture	were	
carried	out	separate旭y	for	P. feriarum	and	P. nigritas	A旭旭	ana旭yzes	were	
conducted	in	JMPs

ザ科 |科RESULTS

ザsゲ科|科Genetic variation in microsate旭旭ite 旭oci

A旭旭	ゲゴ	of	the	microsate旭旭ite	旭oci	had	high	旭eve旭s	of	variationp	ranging	
from	葦	to	ザゴ	a旭旭e旭es	per	旭ocus	ｪmean	┎	ゴグｫ	in	the	a旭旭opatric	P. feriarum 

popu旭ation	 from	Macon	Cosp	AL	and	 from	葦	 to	ゴゲ	a旭旭e旭es	per	 旭ocus	
ｪmean	┎	ゲザｫ	in	the	a旭旭opatric	P. nigrita	from	Wa旭ton	Cosp	FL	ｪTab旭es	Sザ	
and	Sジｫs	A	tota旭	of	ズゾゴ	a旭旭e旭es	were	found	across	a旭旭	旭oci	in	our	samp旭e	
of	ゲpゲゲ芦	 individua旭ss	Deviations	 from	Hardy･Weinberg	Equi旭ibrium	
were	 not	 detected	 in	 any	 of	 the	 popu旭ations	with	 n	┎	ゴグ	 or	more	
individua旭s	 after	 a	 tab旭e､	wide	 sequentia旭	 Bonferroni	 correction	 for	
mu旭tip旭e	tests	 ｪRicep	ゲゾ芦ゾｫs	Linkage	disequi旭ibrium	between	pairs	of	
旭oci	was	not	detected	in	either	of	the	a旭旭opatric	reference	popu旭ations	
after	a	Bonferroni	correction	but	was	identified	in	ゲ･ゴ	pairs	of	旭oci	in	
four	of	the	sympatric	popu旭ations	ｪTab旭e	Sゴｫs	Evidence	for	nu旭旭	a旭旭e旭es	
was	detected	 in	葦	and	芦	 旭oci	 in	 the	 reference	a旭旭opatric	P. feriarum 

and	P. nigrita	popu旭ationsp	respective旭ys	The	frequency	of	nu旭旭sp	how､
everp	varied	across	species	and	旭ocis	In	P. feriarump	nu旭旭	frequency	was	
└ゲグ鯵	in	ゲグ	of	ゲゴ	旭ocip	whereas	in	P. nigritap	nu旭旭	frequency	was	└ゲグ鯵	
in	葦	旭oci	and	└ゲズ鯵	in	ゲグ	of	ゲゴ	旭ocis	The	two	旭oci	with	ザグ鯵	or	higher	
nu旭旭	frequency	in	P. nigrita	were	the	same	旭oci	with	┒ゲグ鯵	nu旭旭s	in	P. 

feriarum	a旭so	ｪゲザ鯵	at	Pｧferｧcゲグゲグゼグ	and	ゴゲ鯵	at	Pｧferｧ旭rcジ葦ゾゾゾ	in	
P. feriarumｫs	 Thereforep	 ana旭yzes	were	 conducted	with	 and	without	
these	 two	 旭oci	 to	 ascertain	 their	 effects	 on	 the	 resu旭tss	 As	 the	 ef､
fect	was	minima旭p	most	resu旭ts	are	presented	based	on	the	ゲゴ､	旭ocus	
dataset	on旭ys

ザsゴ科|科Comparison of hybridization 旭eve旭s across 
populations

We	detected	evidence	of	natura旭	hybridization	in	a旭旭	ten	sympatric	
foca旭	regions	of	P. feriarum	and	P. nigrita	samp旭ed	a旭ong	their	con､
tact	 zone	 throughout	 the	 southeastern	 UsSs	 in	 A旭abamap	 F旭oridap	
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Georgiap	South	Caro旭inap	and	Virginias	STRUCTURE	ana旭yzes	identi､
fied	the	presence	of	two	main	c旭usters	in	the	datasetp	corresponding	
to	P. feriarum	and	P. nigrita	ｪFigs	Sゲｫq	K	┎	ゴ	was	the	best､	supported	
mode旭	based	on	the	Evannop	Regnautp	Ssp	ｹ	Goudetp	Js	 ｪゴググズｫ	ΔK 

method	 ｪFigs	 Sゴｫs	 GenoDive	 ana旭yzes	 identified	 genotypes	 con､
sistent	with	Fゲ	hybrids	in	ゾ	of	ゲグ	regions	and	hybrids	of	undeter､
mined	c旭ass	in	a旭旭	regions	ｪFigure	ゴq	Tab旭e	Sゲｫs	The	proportion	of	Fゲ	
hybrids	 ranged	 from	ズ鯵	 in	South	Caro旭ina	popu旭ations	 to	ザゲ鯵	 in	
F旭orida	ｪTab旭e	ゴｫs	The	proportion	of	hybrids	of	undetermined	c旭ass	
ｪwhich	inc旭udes	Fゲ	hybrids	a旭soｫ	varied	from	ゲゲ鯵	in	South	Caro旭ina	
popu旭ations	to	ゼ芦鯵	in	F旭orida	ｪTab旭e	ザｫs	NewHybrids	ana旭yzes	de､
tected	evidence	for	hybrids	of	different	c旭asses	in	ゼ	of	ゲグ	regions	
ｪTab旭e	Sズｫ	and	in	a旭旭	regions	with	a	samp旭e	size	┒ザグs	Under	a	ゾズ鯵	
posterior	probabi旭ity	thresho旭dp	the	proportion	of	hybrids	of	varied	
from	ｶゲ鯵	in	South	Caro旭ina	and	Virginia	to	ズsザ鯵	in	F旭orida	ｪTab旭e	
Sズｫs

Comparison	of	hybridization	 frequencies	across	a旭旭	ゲグ	pairs	of	
foca旭	 popu旭ations	 with	 n	┒	ザグ	 indicated	 that	 hybridization	 rates	
vary	substantia旭旭y	among	popu旭ationss	A	significant旭y	higher	propor､
tion	of	Fゲ	hybrids	was	present	in	F旭orida	Rゴ	than	in	the	other	foca旭	
popu旭ationsp	except	Virginia	R芦p	based	on	the	method	of	c旭assifying	
putative	Fゲ	hybrids	using	 旭aboratory	cross､	data	 ｪTab旭e	ゴｫs	Furtherp	
more	Fゲ	hybrids	were	identified	in	Virginia	R芦	than	South	Caro旭ina	
R葦s	A	 significant旭y	 higher	 proportion	of	 hybrids	 of	 any	 c旭ass	were	
a旭so	 detected	 in	 F旭orida	 Rゴ	 compared	 to	 the	 other	 foca旭	 popu旭a､
tionsp	except	Virginia	R芦p	based	on	the	CI	method	of	c旭assifying	hy､
brids	ｪTab旭e	ザｫs	Additiona旭旭yp	a	higher	frequency	of	hybridization	was	

identified	 in	Virginia	R芦	and	Rゾ	compared	to	both	South	Caro旭ina	
R葦	and	Georgia	Rズp	a旭though	the	 旭atter	difference	was	not	signifi､
cant	for	Virginia	Rゾs

Resu旭ts	 from	the	ゲゴ	versus	ゲグ	 旭oci	ana旭yzes	were	essentia旭旭y	 the	
samep	with	simi旭ar	hybrid	proportions	estimated	from	both	datasetss	
The	primary	discrepancies	were	a	significant	difference	in	hybrid	pro､
portion	between	F旭orida	Rゴ	and	Virginia	R芦	and	between	Virginia	R芦	
and	Virginia	Rゾ	detected	 in	 the	ゲグ	 旭oci	but	not	 the	ゲゴ	 旭oci	 ana旭ysis	
of	Fゲs	 ｪTab旭e	ゴｫ	and	a	significant	difference	between	F旭orida	Rゴ	and	
Virginia	R芦	detected	in	the	ゲグ	旭oci	but	not	the	ゲゴ	旭oci	ana旭ysis	of	hy､
brids	of	any	c旭ass	ｪTab旭e	ザｫs

ザsザ科|科Direction of successfu旭 hybridization in 
F1 hybrids

Mitochondria旭	 sequencing	 revea旭ed	both	 types	of	Fゲ	hybrid	crosses	
in	 natura旭	 popu旭ations	 ｪTab旭e	ジq	 Figs	 Sザq	 Tab旭e	 Sゲｫs	 Exact	 bino､
mia旭	 tests	 showed	 evidence	 for	 asymmetric	 introgressionp	 how､
everp	with	P. nigrita	 serving	as	the	materna旭	parent	 in	most	putative	
Fゲ	 crosses	 from	 regions	 that	 contained	 ┒ゲズ	Fゲ	 hybridsp	 inc旭uding	
F旭orida	 Rゴ	 ｪp	┎	ゴsザ芦e┋グジｫp	 Virginia	 R芦	 ｪp	┎	ゲsグズe┋グズｫp	 Georgia	 Rゲグ	
ｪp	┎	ゼs葦ザe┋グ葦ｫp	 but	 this	 pattern	 was	 not	 significant	 in	 Virginia	 Rゾ	
ｪp	┎	芦sグジe┋グゲｫs	Overa旭旭p	when	 a旭旭	 regions	were	 combined	 there	was	
strong	evidence	 that	P. nigrita	 is	 the	primary	materna旭	 parent	 in	Fゲ	
hybrids	ｪp	┎	ゲs芦ズe┋ゲゲｫs	Sma旭旭	samp旭e	sizes	for	Fゲs	in	six	旭oca旭ities	pre､
c旭uded	an	in	depth	examination	of	geographic	variation	in	direction	of	
introgression	across	regionss

F IGURE  ゴ科Variation	in	hybrid	indices	within	and	across	ten	sympatric	regionsp	showing	hybrid	index	ｪpointsｫ	and	ゾズ鯵	confidence	interva旭s	on	
estimatess	A	hybrid	index	of	wグx	indicates	a	pure	P. nigritap	a	wゲx	indicates	pure	P. feriarump	and	intermediate	va旭ues	indicate	potentia旭	hybridss	In	
F旭orida	Rゴp	turquoise	indicates	旭aboratory､	created	Fゲ	hybrids	and	pink	indicates	旭aboratory､	created	pure	P. feriarump	whereas	dark	b旭ue	indicates	
wi旭d､	caught	individua旭s
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ザsジ科|科Genetic differentiation within species

Substantia旭	 intraspecific	 genetic	 differentiation	 was	 detected	
within	speciess	In	the	PCoA	of	both	species	togetherp	the	first	axis	
exp旭ained	 芦sズザ鯵	 of	 the	 variationp	 showing	 near旭y	 comp旭ete	 sepa､
ration	 between	 speciess	 The	 second	 axis	 exp旭ained	 ザsゼグ鯵	 of	 the	
variationp	indicating	strong	intraspecific	differentiation	within	P. fe-

riarum	between	sympatric	South	Caro旭ina	R葦	and	other	P. feriarum 

ｪFigure	ザaｫs	 The	 third	 axis	 exp旭ained	 ゴsゾゴ鯵	 of	 the	 variation	 and	
showed	intraspecific	differentiation	within	P. nigrita	between	sym､
patric	Virginia	popu旭ations	ｪPrince	George	Rゼp	Sussex	R芦p	and	York	
Rゾ	Countiesｫ	and	a旭旭	other	P. nigrita	ｪFigure	ザaｫs	Gene	f旭ow	is	旭ike旭y	
to	be	reduced	from	the	main	species	distributions	for	P. feriarum	in	
South	Caro旭ina	R葦	and	for	P. nigrita	 in	Virginia	Rゼ･Rゾ	since	 these	
is旭ands	form	wpeninsu旭asx	or	wis旭andsx	with	respect	to	the	range	of	
the	remainder	of	each	speciess

Intraspecific	 differentiation	 is	 a旭so	 i旭旭ustrated	 by	 resu旭ts	 of	 the	
STRUCTURE	 ana旭yzes	 ｪFigs	 Sゲｫs	 At	 K	┎	ザ	 for	 the	 fu旭旭	 dataset	 ｪboth	
speciesｫp	P. feriarum	shows	differentiation	into	an	In旭and	and	Coasta旭	
c旭adep	which	was	previous旭y	described	by	Wright	and	Wright	 ｪゲゾジゾｫ	
using	morpho旭ogy	and	by	Lemmonp	Lemmonp	Co旭旭insp	ｹ	Cannate旭旭ap	Ds	
Cs	ｪゴググゼｫ	based	on	mitochondria旭	markerss	At	K	┎	ジp	further	substruc､
ture	within	the	Coasta旭	c旭ade	of	P. feriarum	consists	of	differentiation	
of	South	Caro旭ina	popu旭ations	in	deep	sympatry	near	Char旭eston	from	
the	rest	of	the	Coasta旭	c旭ades	This	pattern	is	not	unexpected	because	
these	popu旭ations	are	distinct	from	other	P. feriarum	with	respect	to	
their	 mating	 behaviors	 ｪLemmonp	 ゴググゾｫs	 At	 K	┎	ズp	 P. nigrita	 shows	
differentiation	 between	 the	 geographica旭旭y	 iso旭ated	 popu旭ations	 in	
Virginia	 and	 the	 rest	 of	 the	 speciess	 At	 K	┎	葦p	 substructure	 within	
the	In旭and	c旭ade	of	P. feriarum	is	present	between	Apa旭achico旭a	River	
f旭oodp旭ain	 popu旭ations	 in	 deep	 sympatry	 and	 the	 remainder	 of	 the	
In旭and	c旭ades

In	the	ana旭ysis	of	on旭y	P. feriarump	the	first	PCoA	axis	exp旭ained	
ズs芦ザ鯵	 of	 the	 variationp	 showing	 separation	 again	 of	 sympatric	
South	Caro旭ina	 frogs	 from	 the	 rest	 of	 the	 species	 ｪFigure	ザbｫs	The	
second	axisp	exp旭aining	ジs芦芦鯵	of	the	variationp	 indicated	some	dif､
ferentiation	 between	 two	 mitochondria旭	 groups	 previous旭y	 iden､
tified	 within	 P. feriarump	 the	 Coasta旭	 and	 In旭and	 C旭ades	 ｪLemmonp	
Lemmonp	ｹ	Cannate旭旭ap	ゴググゼq	Lemmonp	Lemmonp	Co旭旭insp	Lee､Yawp	
Js	Asp	 ｹ	 Cannate旭旭ap	 Ds	 Cs	 ゴググゼｫs	 These	 two	 groups	 are	 parapatric	
or	partia旭旭y	sympatric	with	respect	to	each	other	in	centra旭	Georgiap	
approximate旭y	bounded	by	the	A旭tamaha	River	and	tributariess	The	
In旭and	 group	 identified	 here	 inc旭udes	 both	 sympatric	 and	 a旭旭opat､
ric	 popu旭ations	 south	 and	west	 of	 this	 boundaryp	 and	 the	 Coasta旭	
group	 inc旭udes	 both	 sympatric	 and	 a旭旭opatric	 popu旭ations	 north	 of	
the	 boundaryp	with	 the	 exception	 of	 the	 distinct	 sympatric	 South	
Caro旭ina	frogs	from	the	Char旭eston	regions	In	the	ana旭ysis	of	on旭y	P. 

nigritap	the	first	and	second	axes	exp旭ained	葦s芦ゼ鯵	and	ザsザゾ鯵	of	the	
variationp	 respective旭ys	 The	 on旭y	 strong	 popu旭ation	 differentiation	
occurred	a旭ong	the	first	axisp	again	between	Virginia	and	a旭旭	other	P. 

nigrita	popu旭ations	ｪFigs	Sジｫs
A	 weak	 pattern	 of	 IBD	 was	 detected	 for	 P. feriarum	 using	 the	

Mante旭	test	ｪFigs	Sズq	r2	┎	sグジ芦p	p	┎	sググザ芦ｫs	Strong	IBD	was	found	in	P. 

nigrita	ｪFigs	S葦q	r2	┎	sズズグp	p	┑	sグググゲｫs	The	IBD	randomization	test	indi､
cated	that	in	P. feriarump	genetic	divergence	between	a旭旭opatric	旭oca旭ity	
pairs	was	 旭ower	 than	between	other	 types	of	 旭oca旭ity	pairs	 ｪsympat､
ric･a旭旭opatric	 and	 sympatric･sympatricｫ	 after	 contro旭旭ing	 for	 genetic	
distance	ｪone､	tai旭ed	testq	p	┎	sグズジｫs	This	pattern	was	not	observed	in	
P. nigrita	ｪp	┎	sゾジｫs

ザsズ科|科Acoustic Signa旭sp Hybrid Indexp and 
Admixture Leve旭s

Acoustic	 variab旭es	 strong旭y	 predict	 hybrid	 indexp	 individua旭旭y	 and	 in	
combinations	For	both	the	ゼズ､		and	ゲ芦ズ､	individua旭	datasetsp	a	signifi､
cant	旭inear	re旭ationship	was	found	between	pu旭se	rate	and	hybrid	index	
ｪr2	┎	sゼゴp	p	┑	sグググゲ	 and	 r2	┎	sズゼp	p	┑	sグググゲp	 respective旭yq	 Figure	ジapcｫ	
and	between	pu旭se	number	and	hybrid	index	ｪr2	┎	sゼゼp	p	┑	sグググゲ	and	
r2	┎	s葦グp	p	┑	sグググゲp	 respective旭yq	 Figure	ジbpdｫs	 The	 stepwise	mu旭tip旭e	
regression	indicated	that	pu旭se	number	is	a	better	predictor	of	hybrid	
index	 than	pu旭se	 rate	 for	both	datasets	 ｪTab旭e	S葦ｫs	The	best	mode旭p	
howeverp	 inc旭uded	 both	 variab旭es	 ｪr2	┎	sゼゾp	 p	┑	sグググゲ	 and	 r2	┎	s葦ザp	
p	┑	sグググゲp	 respective旭yｫ	 according	 to	 both	 the	 Akaike	 Information	
Criterion	ｪAICq	Akaikep	ゲゾゼジｫ	and	Bayesian	Information	Criterion	ｪBICq	
Schwarzp	ゲゾゼ芦q	Tab旭e	Sゼｫs

Leve旭	of	RCD	was	not	a	strong	predictor	of	degree	of	admixture	
in	sympatric	regions	 in	either	P. feriarum or P. nigritas	For	P. feriarump	
RCD	did	not	predict	admixture	with	respect	to	undetermined	ｪr2	┎	sゲザp	
p	┎	sザ芦p	b	┎	グsザゲｫ	and	advanced	hybrids	ｪr2	┎	sゲジp	p	┎	sザゼp	b	┎	グsザグｫp	or	
Fゲ	hybrids	ｪr2	┎	ゲs葦ジe┋ザp	p	┎	sゾゴp	b	┎	グsグゲｫs	For	P. nigritap	RCD	did	not	
predict	admixture	in	terms	of	undetermined	hybrids	ｪr2	┎	sゲ葦p	p	┎	sジザp	
b	┎	┋グs芦ザｫp	 advanced	hybrids	 ｪr2	┎	sゲ芦p	p	┎	sジグp	b	┎	┋グsズゼｫp	 or	 Fゲ	 hy､
brids	 ｪr2	┎	sゲゴp	 p	┎	sズグp	 b	┎	┋グsゴ葦ｫs	 Samp旭ing	 of	 additiona旭	 sympatric	
regions	wou旭d	improve	the	power	ｪP. feriarum n	┎	芦	and	P. nigrita n	┎	葦	
sympatric	regionsｫ	of	these	ana旭yzess

TABLE  ジ科Direction	of	hybridization	in	Fゲs	ascertained	from	
mitochondria旭	sequencing

Region N P. feriarum P. nigrita p value

A旭abama	Rゲ 1 1 0 �

F旭orida	Rゴ 109 ザズ 74 ゴsザ芦e┋グジｰ

Georgia	Rザ 7 0 7 �

Georgia	Rジ � � � �

Georgia	Rズ 4 2 2 �

South	Caro旭ina	R葦 4 1 ザ �

Virginia	Rゼ 2 0 2 �

Virginia	R芦 ゴ葦 2 24 ゲsグズe┋グズｰ

Virginia	Rゾ ゲ葦 7 9 芦sグジe┋グゲ

Georgia	Rゲグ 18 0 18 ゼs葦ザe┋グ葦ｰ

Tota旭 187 48 ゲザゾ ゲs芦ズe┋ゲゲｰ

Number	of	 individua旭s	having	each	materna旭	parent	 is	 indicated	and	 the	
statistica旭	significance	from	exact	binomia旭	tests	ｪwｰx	indicates	a	significant	
testｫs	Resu旭ts	from	旭oca旭ities	with	n	┒	ゲズ	are	shown	ｪwｦx	indicates	旭oca旭ities	
with	sma旭旭er	samp旭e	sizesｫs
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F IGURE  ザ科 Inter､		and	intraspecific	genetic	variations	i旭旭ustrated	via	principa旭	coordinates	ana旭yzes	ｪPCoAｫs	Sympatric	and	a旭旭opatric	samp旭es	
are	indicated	by	so旭id	and	ho旭旭ow	symbo旭sp	respective旭yq	旭ight	gray	and	b旭ack	circ旭es	indicate	Coasta旭	C旭ade	and	In旭and	C旭ade	a旭旭opatric	P. feriarump	
respective旭ys	Co旭ors	show	regions	from	sympatrys	ｪaｫ	The	first	PCoA	ana旭ysis	inc旭udes	a旭旭	regions	and	popu旭ations	of	P. feriarum	ｪcirc旭esｫ	and	
P. nigrita	ｪtriang旭esｫ	and	their	hybrids	ｪtriang旭e	or	circ旭ep	based	on	morpho旭ogica旭	identificationｫp	with	the	first	three	axes	showns	ｪbｫ	The	second	
ana旭ysis	inc旭udes	a旭旭	regions	and	popu旭ations	of	P. feriarum	on旭yp	with	each	sympatric	region	set	shown	in	co旭or	re旭ative	to	a旭旭opatric	individua旭s	
from	the	two	c旭adesr	Rゴ･Rザp	Rズp	R葦p	and	Rゼ･Rゾs	Note	that	Georgia	Rズ	is	旭ocated	at	the	boundary	between	the	Coasta旭	and	In旭and	c旭ades	and	
thus	inc旭udes	sympatric	individua旭s	from	both	c旭adess	A	comparab旭e	ana旭ysis	for	P. nigrita	on旭y	is	shown	in	Figs	Sジ
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ジ科 |科DISCUSSION

The	 presence	 of	 hybridization	 in	 a旭旭	 sympatric	 regions	 spanning	
the	 chorus	 frog	 contact	 zone	 indicates	 that	 the	 opportunity	 for	
reinforcement	to	promote	the	evo旭ution	of	reproductive	 iso旭ation	
exists	throughout	sympatrys	Moreoverp	 in	a旭旭	regions	examined	to	
datep	premating	 iso旭ation	has	 increased	 in	sympatryr	A	pattern	of	
reproductive	 character	disp旭acement	 in	ma旭e	 signa旭s	 is	present	 in	
one	 of	 the	 interacting	 species	 ｪLemmonp	 ゴググゾｫp	 which	 is	 driven	
by	 reinforcement	 ｪLemmon	 ｹ	 Lemmonp	 ゴグゲグq	 Ma旭onep	 Ribadop	
Jsp	ｹ	Lemmonp	Es	Ms	ゴグゲジｫs	The	frequency	of	hybridization	varies	
considerab旭y	across	the	contact	zonep	from	ズ鯵	to	ザゲ鯵	Fゲ	hybrids	
and	ゲゲ鯵	to	ゼ芦鯵	hybrids	of	undetermined	c旭assp	suggesting	a	wide	
range	of	hybridization	frequencies	under	which	reinforcement	may	
operates

ジsゲ科|科Evidence for geographic variation in 
hybridization frequencies

A	striking	finding	from	this	study	is	the	high	percentage	of	hybrids	in	
F旭orida	and	Virginia	sympatric	popu旭ations	ｪRゴ	and	R芦q	ザゲ鯵	and	ゴザ鯵	
Fゲ	 hybridsp	 respective旭yp	 and	 ゼ芦鯵	 and	 葦ゼ鯵	 undetermined	 c旭ass	 hy､
bridsp	respective旭yｫ	compared	to	other	regions	ｪTab旭es	ゴ	and	ザｫs	These	
estimates	are	a旭so	outside	 the	 range	of	 frequencies	estimated	 in	an､
other	we旭旭､	studied	frog	reinforcement	contact	zone	ｪisesp	グsザ鯵･葦鯵	Fゲ	
hybridsq	 Pfennig	 ｹ	 Simovichp	 ゴググゴq	 Pfennigp	 ゴググザｫs	 One	 question	 is	
whether	these	estimates	ref旭ect	historica旭	or	present､	day	hybridizationp	
or	more	specifica旭旭yp	was	there	a	high	rate	of	hybridization	upon	initia旭	
secondary	contact	fo旭旭owed	by	a	dec旭ine	in	rate	through	timen	A旭though	
difficu旭t	 to	disentang旭e	 from	our	datap	 the	evidence	 from	Fゲ	hybridsp	
which	primari旭y	ref旭ects	present､	day	hybridizationp	suggests	that	a	high	

F IGURE  ジ科Acoustic	variab旭es	predict	hybrid	index	in	sympatrys	Resu旭ts	are	shown	from	the	ゼズ､	individua旭	dataset	ｪRゴ･Rザｫ	for	pu旭se	rate	ｪaｫ	
and	pu旭se	number	ｪbｫ	and	from	the	ゲ芦ゲ､	individua旭	dataset	ｪRゲ･R葦	and	R芦､	Rゾ	combinedｫ	for	pu旭se	rate	ｪcｫ	and	pu旭se	number	ｪdｫs	Species	and	
popu旭ation	symbo旭s	and	co旭ors	are	indicated	by	key	and	are	as	in	Figure	ザ
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旭eve旭	of	hybridization	 is	ongoing	 in	 these	 regions	 and	 is	 substantia旭旭y	
higher	than	other	regions	in	the	contact	zone	ｪTab旭es	ゴ	and	ザq	Figure	ゴｫs	
Previous	work	in	F旭orida	Rゴ	indicates	that	Fゲ	hybrids	have	high	viabi旭ity	
fitness	ｪs	┎	グsゲジｫp	but	ma旭es	experience	strong	negative	sexua旭	se旭ection	
ｪs	┎	┋グsゾズｫ	due	to	their	intermediate	acoustic	mating	signa旭sp	as	we旭旭	as	
partia旭	steri旭ity	ｪs	┎	┋グsゴザq	Lemmon	ｹ	Lemmonp	ゴグゲグｫs	Thusp	a旭though	
many	Fゲ	hybrids	may	be	producedp	far	fewer	are	ab旭e	to	successfu旭旭y	
acquire	a	mate	and	produce	viab旭e	offsprings	Thereforep	the	high	per､
centage	of	undetermined	c旭ass	hybrids	is	旭ike旭y	the	resu旭t	of	many	gen､
erations	of	backcrossing	by	the	few	Fゲ	hybrids	that	pass	through	the	
sieve	of	sexua旭	and	natura旭	se旭ection	after	the	first､	hybrid	generations

Resu旭ts	from	this	study	do	not	support	the	prediction	that	putative	
recent	contact	zones	have	higher	rates	of	hybridizations	This	predic､
tion	was	derived	from	the	expectation	that	hybridization	rates	shou旭d	
dec旭ine	through	time	as	reinforcement	proceeds	 ｪB旭airp	ゲゾゼジq	Britchp	
Cainp	Ms	Lsp	ｹ	Howardp	Ds	Js	ゴググゲq	Coyne	ｹ	Orrp	ゴググジq	Dobzhanskyp	
ゲゾジグq	Jonesp	ゲゾゼザq	Nosi旭p	ゴグゲゴq	Pfennigp	ゴググザｫs	 Instead	 the	young､
est	contacts	ｪLemmon	ｹ	Lemmonp	ゴググ芦ｫ	had	moderate	ｪVirginia	R芦､	
Rゾｫ	 旭eve旭s	of	hybridizationp	whereas	o旭der	 contacts	varied	 from	high	
ｪF旭orida	Rゴｫ	to	 旭ow	ｪSouth	Caro旭ina	R葦	and	Georgia	Rズq	Tab旭es	ゴ	and	
ザq	Figure	ゴｫs	These	data	suggestr	ｪゲｫ	re旭ative	timing	of	contact	a旭one	is	
not	sufficient	to	exp旭ain	variation	in	hybridization	frequencies	in	sym､
patric	regionsp	and	ｪゴｫ	in	accord	with	other	studies	ｪesgsp	Matutep	ゴグゲグq	
Pfennigp	ゴググザｫp	RCD	can	evo旭ve	 rapid旭y	 re旭ative	 to	 the	decay	of	 the	
phy旭ogeographic	 footprint	 fo旭旭owing	range	expansions	Thusp	 the	cur､
rent	hybridization	 rates	across	popu旭ations	 旭ike旭y	either	 ref旭ect	equi､
旭ibrium	旭eve旭s	after	contact	rather	than	a	spectrum	of	rates	from	ear旭y	
to	estab旭ished	contact	zones	or	e旭se	other	factors	have	inf旭uenced	hy､
bridization	frequencies	across	popu旭ations	ｪBorge	et	a旭sp	ゴググズｫs

There	 are	 a	 number	 of	 additiona旭	 possib旭e	 exp旭anations	 beyond	
timing	of	contact	for	variation	in	hybridization	frequencies	across	the	
contact	zones	Firstp	hybrid	incompatibi旭ities	may	vary	across	geographyp	
such	that	se旭ection	against	hybridization	is	stronger	in	some	regions	or	
acts	at	different	 旭ife	history	stages	across	areas	ｪParrisp	ゴググゲq	Sætrep	
Krs旭p	Msp	Bure哨p	Ssp	ｹ	Imsp	Rs	As	ゲゾゾゾq	Sweigartp	Masonp	ｹ	Wi旭旭isp	ゴググゼq	
Veen	et	a旭sp	ゴググゲｫs	In	chorus	frogsp	even	ma旭es	derived	from	the	same	
popu旭ation	vary	substantia旭旭y	in	旭eve旭s	of	hybrid	steri旭ityp	旭ending	sup､
port	for	this	hypothesis	ｪLemmon	ｹ	Lemmonp	ゴグゲグｫs	Secondp	eco旭ogica旭	
se旭ection	against	hybridization	may	vary	ｪGowp	Peiche旭p	ｹ	Tay旭orp	ゴググ葦q	
Tay旭orp	Boughmanp	Js	Wsp	Groenenboomp	Msp	Sniatynskip	Msp	Sch旭uterp	
Dsp	ｹ	Gowp	Js	Ls	ゴググ葦ｫs	If	some	habitats	where	hybridization	occurs	are	
more	favorab旭e	to	surviva旭	than	othersp	we	wou旭d	detect	apparent	dif､
ferences	in	rates	that	do	not	ref旭ect	the	actua旭	frequency	of	heterospe､
cific	matings	Thirdp	re旭ative	densities	or	demographic	histories	of	the	
interacting	species	may	vary	geographica旭旭yp	thereby	affecting	the	op､
portunity	for	heterospecific	mating	ｪHowardp	ゲゾゾザq	Noorp	ゲゾゾズq	Nosi旭p	
Crespip	Bs	Jsp	ｹ	Sandova旭p	Cs	Ps	ゴググザq	Peterson	et	a旭sp	ゴググズq	Servedio	ｹ	
Kirkpatrickp	ゲゾゾゼq	Servedio	ｹ	Noorp	ゴググザq	Yuki旭evichp	ゴグゲゴｫs	Chorus	
frog	contact	regions	vary	in	spatia旭	structure	from	sha旭旭ow	sympatryp	
where	the	two	species	co､	occur	in	rough旭y	even	frequencies	ｪA旭abama	
Rゲp	Georgia	Rザ･Rズｫ	to	peninsu旭ar､	type	sympatric	distributions	where	
gene	 f旭ow	 from	 a旭旭opatry	 is	 restricted	 ｪP. feriarum	 in	 F旭orida	 Rゴ	 and	
South	Caro旭ina	R葦ｫp	to	is旭and､	type	sympatric	distributions	ｪP. nigrita	in	

Virginia	Rゼ･Rゾq	Figure	ゲｫs	The	species	with	the	is旭and､		or	peninsu旭ar､	
distribution	in	a	sympatric	region	is	旭ike旭y	the	rarer	of	the	two	in	those	
areasp	a旭though	this	 is	extreme旭y	difficu旭t	 to	quantify	 in	chorus	frogs	
due	to	their	transient	presence	in	the	breeding	sitess	Thusp	the	oppor､
tunity	for	interaction	varies	wide旭yp	potentia旭旭y	contributing	to	spatia旭	
variation	in	hybridization	ratess	Fina旭旭yp	the	presence	of	different	cho､
rus	frog	species	in	旭oca旭	communities	across	geography	may	affect	the	
rate	of	hybridizations	For	examp旭ep	the	presence	of	congener	P. brimleyi 

ｪR葦･Rゾq	Lemmonp	ゴググゾｫp	which	has	been	observed	mating	with	P. feri-

arum	in	nature	ｪDs	Bs	Means	and	Es	Moriarty	Lemmonp	unpubs	dataｫp	is	
predicted	to	contribute	further	to	narrowing	of	the	fema旭e	P. feriarum 

preference	 functionp	 resu旭ting	 in	 even	 旭ower	 hybridization	 in	 these	
three､	species	 regions	 ｪMcPeek	 ｹ	 Gavri旭etsp	 ゴググ葦q	 Pfennig	 ｹ	 Ryanp	
ゴググ葦p	ゴググゼｫs	The	very	旭ow､	hybridization	frequency	in	South	Caro旭ina	
R葦	may	be	re旭ated	to	the	high	density	of	P. brimleyi	in	this	regions

ジsゴ科|科Support for asymmetric hybridization

Evidence	for	asymmetric	hybridization	and	proxima旭	mtDNA	transfer	
ｪNear	et	a旭sp	ゴグゲゲｫ	was	detected	in	our	data	in	three	of	the	four	regions	
with	n	┒	ゲズ	putative	Fゲ	hybrids	ｪF旭orida	Rゴp	Virginia	R芦p	Virginia	Rゾp	
and	Georgia	Rゲグｫp	and	in	the	tota旭	dataset	ｪn	┎	ゲ芦ゼq	Tab旭e	ジｫs	A旭though	
asymmetricp	hybridization	was	a旭so	bidirectiona旭p	which	 is	consistent	
with	 the	 theory	 of	 Servedio	 and	 Kirkpatrick	 ｪゲゾゾゼｫp	 who	 demon､
strated	that	reinforcement	operates	under	a	broader	set	of	conditions	
when	hybridization	occurs	 in	both	directionss	 In	a旭旭	 significant	 testsp	
the	majority	of	mitochondria旭	hap旭otypes	found	in	Fゲs	be旭onged	to	P. 

nigritap	providing	support	that	this	species	serves	as	the	materna旭	par､
ent	in	hybrid	crosses	more	frequent旭y	than	P. feriarums	These	resu旭ts	
are	consistent	with	expectationsp	particu旭ar旭y	in	F旭orida	Rゴp	which	is	a	
we旭旭､	studied	reinforcement	contact	zone	ｪLemmonp	ゴググゾq	Lemmon	ｹ	
Lemmonp	ゴグゲグｫs	In	F旭oridap	fema旭e	P. feriarum	have	evo旭ved	increased	
conspecific	 mating	 preferences	 in	 sympatry	 as	 a	 consequence	 of	
strong	se旭ection	against	hybridization	with	P. nigrita	ｪs	┎	┋グsジジ	旭ifetime	
fitness	of	Fゲ	hybridsq	Lemmon	ｹ	Lemmonp	ゴグゲグｫs	Thusp	the	observa､
tion	of	re旭ative旭y	few	P. feriarum	serving	as	the	materna旭	parent	in	Fゲ	
crosses	is	consistent	with	these	previous	studiess	Our	datap	howeverp	
cannot	address	whether	the	attempted	mating	rate	is	symmetricp	even	
though	evidence	suggests	that	successfu旭	mating	rate	is	asymmetrics

The	concordance	of	asymmetric	gene	f旭ow	and	asymmetric	RCD	
found	here	is	consistent	with	severa旭	recent	studiess	In	a	meta､	study	
of	┒葦ググ	Drosophila	 species	pairsp	Yuki旭evich	 ｪゴグゲゴｫ	 found	 that	 sym､
patric	species	overwhe旭ming旭y	manifested	concordant	iso旭ation	asym､
metriesr	The	species	with	stronger	postzygotic	iso旭ation	was	a旭so	the	
species	 that	 experienced	 higher	 prezygotic	 iso旭ations	Assuming	 that	
fema旭es	are	 the	sex	 that	experiences	a	greater	cost	 to	hybridization	
ｪLemmon	ｹ	Lemmonp	ゴグゲグｫp	a	natura旭	prediction	is	fewer	fema旭es	from	
the	species	under	stronger	se旭ection	shou旭d	engage	in	heterospecific	
matingp	 thus	 旭eading	 to	 asymmetric	 hybridizations	 Furtherp	 Hoskinp	
Higgiep	Msp	McDona旭dp	Ks	Rsp	ｹ	Moritzp	Cs	 ｪゴググズｫ	and	Peterson	et	a旭s	
ｪゴググズｫ	 found	a	 旭ink	between	asymmetric	gene	 f旭ow	and	asymmetric	
RCD	in	frogs	and	beet旭esp	respective旭yｦthe	fema旭es	of	species	exhibit､
ing	higher	旭eve旭s	of	RCD	hybridized	rare旭yp	if	everp	compared	to	fema旭es	
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from	the	other	speciess	Co旭旭ective旭yp	this	work	and	the	present	study	
suggest	that	asymmetry	in	the	cost	of	hybridization	causes	the	species	
bearing	the	greater	cost	to	diverge	in	reproductive	behaviors	and	sub､
sequent旭y	hybridize	旭ess	due	to	refinement	of	the	fema旭e	preferences

ジsザ科|科Genetic diversification within species

Consistent	with	 theoretica旭	 predictions	 ｪMcPeek	ｹ	Gavri旭etsp	 ゴググ葦q	
Pfennig	ｹ	Ryanp	ゴググ葦p	ゴググゼｫp	we	 found	 that	within	P. feriarump	 ge､
netic	divergence	 is	higher	between	conspecific	 旭oca旭ities	where	one	
or	 both	 has	 been	 reinforced	 compared	 to	 nonreinforced	 旭oca旭itiesp	
after	 accounting	 for	 geographic	 distance	 ｪFigure	ザｫs	 This	 pattern	 is	
expected	 when	 cascade	 reinforcement	 between	 species	 indirect旭y	
drives	diversification	within	speciesp	 such	as	between	a旭旭opatric	and	
sympatric	conspecific	popu旭ationss	A旭though	a旭ternative	exp旭anations	
are	possib旭ep	we	 fa旭sified	a	primary	a旭ternative	by	 ru旭ing	out	 the	ac､
tion	of	sensory	drive	 in	this	system	ｪMa旭onep	Ribadop	Jsp	ｹ	Lemmonp	
Es	Ms	ゴグゲジｫs	 Evidence	 for	 cascade	 reinforcement	 ｪHoskin	ｹ	Higgiep	
ゴグゲグq	Howardp	ゲゾゾザq	Ortiz､	Barrientosp	Grea旭yp	Asp	ｹ	Nosi旭p	Ps	ゴググゾｫ	
is	 accumu旭ating	 rapid旭y	 across	 a	 taxonomica旭旭y	 broad	 set	 of	 organ､
isms	ｪBewick	ｹ	Dyerp	ゴグゲジq	Dyer	et	a旭sp	ゴグゲザq	Higgie	ｹ	B旭owsp	ゴググ芦q	
Hoskinp	Higgiep	Msp	McDona旭dp	Ks	Rsp	ｹ	Moritzp	Cs	ゴググズq	Humphreysp	
Rund旭ep	Hs	Dsp	ｹ	Dyerp	Ks	As	ゴグゲ葦q	Kozak	et	a旭sp	ゴグゲズq	Pfennig	ｹ	Ricep	
ゴグゲジq	Porretta	ｹ	Urbane旭旭ip	ゴグゲゴq	Rice	ｹ	Pfennigp	ゴグゲグq	Rice	et	a旭sp	
ゴグゲ葦q	Richards､	Zawacki	ｹ	Cummingsp	ゴグゲゲｫs	Our	data	are	consistent	
with	the	expectation	that	cascade	reinforcement	cannot	on旭y	promote	
the	rapid	divergence	of	reproductive	behaviors	among	different	popu､
旭ations	ｪLemmonp	ゴググゾｫ	but	a旭so	drive	intraspecific	genetic	divergence	
at	neutra旭	旭oci	ｪRice	ｹ	Pfennigp	ゴグゲグｫs

Iso旭ation､	by､	distance	ana旭yzes	indicated	that	geographic	distance	
exp旭ains	 ｶズズ鯵	 of	 the	 genetic	 divergence	 across	 popu旭ations	 in	 P. 

nigritap	but	on旭y	ｶズ鯵	of	the	divergence	in	P. feriarum	ｪFigss	Sズp	S葦ｫs	The	
P. feriarum	popu旭ations	showing	the	greatest	deviation	from	IBD	and	
highest	differentiation	in	the	PCoA	are	from	South	Caro旭ina	R葦p	which	
has	a	sympatric	wpeninsu旭ax	type	distribution	near	the	Char旭estonp	SC	
area	 ｪFigures	ゲ	and	ザq	Schwartzp	ゲゾズゼｫs	The	PCoA	resu旭ts	as	we旭旭	as	
the	STRUCTURE	resu旭ts	ｪFigs	Sゲp	K	┎	ジｫ	suggest	that	these	popu旭ations	
have	旭ow	旭eve旭s	of	gene	f旭ow	with	a旭旭opatric	P. feriarum	to	the	northwest	
a旭ong	the	f旭oodp旭ains	of	the	Wateree	and	Congaree	Rivers	above	Lake	
Marions	Our	 surveysp	howeverp	 have	not	detected	 旭arge	popu旭ations	
a旭ong	this	corridor	ｪEs	Moriarty	Lemmonp	unpubs	dataｫs	In	P. nigritap	the	
popu旭ations	 showing	 the	 highest	 genetic	 differentiation	 are	 from	 a	
disjunct	sympatric	wis旭andx	re旭ative	to	the	main	distribution	of	the	spe､
ciesp	Rゼ､	Rゾ	in	eastern	Virginia	ｪFigures	ゲ	and	ザaq	Fig	Sゲq	K	┎	ズｫs	These	
sympatric	popu旭ations	are	ｶゴググ	mi	from	the	current	main	distribution	
of	 the	 speciesp	 a旭though	museum	 records	 suggest	 that	 the	 distance	
was	旭ess	in	the	旭ast	centurys	In	both	areasp	RCD	of	the	wpeninsu旭ax	or	
wis旭andx	species	rather	than	the	widespread	species	has	occurredp	and	
the	 resu旭ting	 disp旭aced	 acoustic	 signa旭s	 are	 not	 on旭y	 divergent	 from	
the	heterospecific	 taxon	but	 a旭so	 from	other	 a旭旭opatric	 and	 sympat､
ric	conspecific	popu旭ations	ｪLemmonp	ゴググゾｫs	These	data	suggest	that	
both	behaviora旭	divergence	due	to	species	interactions	and	geographic	
separation	may	be	contributing	to	speciation	in	this	systems

ジsジ科|科Acoustic signa旭sp hybrid indexp and 
admixture 旭eve旭s

The	two	acoustic	characters	that	have	undergone	RCD	in	sympatryp	
pu旭se	rate	and	pu旭se	numberp	strong旭y	predict	hybrid	index	ｪFigure	ジｫp	
and	the	continuous	nature	of	these	characters	suggest	they	are	quan､
titative	traitss	The	genetic	basis	of	acoustic	signa旭s	in	frogsp	howeverp	
is	 unknowns	 Frog	 ca旭旭s	 are	 comp旭ex	 signa旭sp	 composed	 of	 mu旭tip旭e	
traits	that	convey	different	types	of	information	to	fema旭es	ｪGerhardt	
ｹ	Huberp	 ゴググゴｫs	 Some	 components	 of	 these	 signa旭s	 are	 contro旭旭ed	
by	 the	 frogvs	morpho旭ogy	 and	others	 by	 its	 physio旭ogy	or	 behavior	
ｪCocroft	ｹ	Ryanp	ゲゾゾズq	Ryanp	ゲゾ芦芦ｫs	Thusp	 the	genetic	architecture	
under旭ying	pu旭se	rate	and	pu旭se	number	 is	expected	to	be	comp旭exp	
potentia旭旭y	invo旭ving	many	geness	What	is	known	about	the	genomic	
basis	of	frog	ca旭旭s	is	that	gene	dosage	affects	frog	signa旭sｦp旭oidy	旭eve旭	
is	corre旭ated	with	trait	va旭ues	ｪGuignardp	B訟chip	G爾tazp	Betto､	Co旭旭iardp	
ｹ	 St塾ckp	 ゴグゲゴq	 Hoffman	 ｹ	 Reyerp	 ゴグゲザq	 Ke旭旭er	 ｹ	Gerhardtp	 ゴググゲq	
Mab旭e	 ｹ	 Bogartp	 ゲゾゾゲq	 Tucker	 ｹ	Gerhardtp	 ゴグゲゴｫs	More	 is	 known	
about	the	genetic	architecture	of	acoustic	signa旭s	in	insectsｦfor	ex､
amp旭ep	in	crickets	severa旭	quantitative	trait	旭oci	have	been	identified	
that	contro旭	pu旭se	rate	ｪE旭旭isonp	Wi旭eyp	ｹ	Shawp	ゴグゲゲq	Shaw	ｹ	Lesnickp	
ゴググゾq	 Shawp	 Parsonsp	 ｹ	 Lesnickp	 ゴググゼｫs	 The	 avai旭abi旭ity	 of	 cost､	
effective	genomic	approaches	and	 increasing	number	of	assemb旭ed	
who旭e	genomes	are	now	making	it	more	feasib旭e	to	study	the	genomic	
architecture	of	acoustic	signa旭s	in	organisms	with	旭arge	genomes	such	
as	frogss

The	旭ack	of	re旭ationship	between	旭eve旭	of	RCD	re旭ative	to	a旭旭opatry	
and	 degree	 of	 admixture	 is	 potentia旭旭y	 due	 to	 旭ow	 power	 for	 both	
species	 ｪP. feriarump	n	┎	芦	 and	P. nigritap	n	┎	葦ｫp	 but	 a旭ternative旭yp	 the	
re旭ationship	between	 these	variab旭es	may	be	 subt旭es	 For	examp旭ep	 it	
is	旭ike旭y	that	the	direction	of	behaviora旭	phenotypic	evo旭ution	matters	
more	than	abso旭ute	magnitude	of	RCDs	In	P. feriarump	the	旭oca旭ity	with	
the	旭owest	hybridization	旭eve旭	ｪSouth	Caro旭ina	R葦ｫ	is	a旭so	the	on旭y	旭oca旭､
ity	that	that	exhibits	the	unique	pattern	of	RCD	on旭y	in	pu旭se	numberp	
compared	to	other	旭oca旭ities	that	diverged	in	pu旭se	rate	or	in	both	vari､
ab旭es	ｪLemmonp	ゴググゾｫs

ジsズ科|科Evidence for reinforcement driving 
prezygotic isolation

In	this	studyp	we	provide	evidence	to	support	the	旭ast	of	the	five	cri､
teria	proposed	by	Howard	ｪゲゾゾザｫ	to	show	that	reproductive	char､
acter	 disp旭acement	 was	 driven	 by	 reinforcements	 Previous	 work	
indicated	 the	 fo旭旭owingr	 ｪゲｫ	 strong	 se旭ection	 against	 hybridization	
ｪLemmon	ｹ	Lemmonp	ゴグゲグｫp	ｪゴｫ	divergence	in	ma旭e	mating	signa旭s	is	
perceptib旭e	to	fema旭es	ｪLemmonp	ゴググゾｫp	ｪザｫ	the	reproductive	signa旭	
is	heritab旭e	 ｪLemmonp	ゴググゾｫp	and	ｪジｫ	reproductive	character	diver､
gence	is	not	driven	by	other	factorsp	particu旭ar旭y	eco旭ogy	ｪMa旭onep	
Ribadop	 Jsp	ｹ	Lemmonp	Es	Ms	ゴグゲジｫs	Herep	we	provide	 support	 for	
the	 fina旭	 criterionp	 showing	 that	 hybridization	 is	 widespread	 but	
variab旭e	 in	 degree	 across	 the	 entire	 contact	 zones	 Thusp	 the	 cho､
rus	 frog	 system	 represents	 a	 we旭旭､	supported	 empirica旭	 examp旭e	
of	 how	 reinforcement	 can	 旭ead	 to	 the	 evo旭ution	 of	 both	 fema旭e	
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preferences	and	ma旭e	signa旭sp	resu旭ting	in	enhanced	prezygotic	iso､
旭ations	 Furthermorep	 observed	 patterns	 of	 genetic	 differentiation	
are	consistent	with	cascade	reinforcementp	through	which	interac､
tions	between	species	can	have	the	 indirect	effect	of	acce旭erating	
divergence	within	speciess	Future	work	wi旭旭	focus	on	understanding	
the	 costs	 of	 hybridization	 for	 P. nigrita	 and	 the	 consequences	 of	
interactions	between	P. feriarum	and	other	c旭ose旭y	re旭ated	taxa	for	
diversification	with	speciess
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