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Abstract
Ɛĺ	 In	many	cooperativeѴy	breeding	animaѴsķ	a	combination	of	ecoѴogicaѴ	constraints	
and	benefits	of	phiѴopatry	favours	offspring	taking	a	subordinate	position	on	the	
nataѴ	 territory	 instead	of	dispersing	 to	breed	 independentѴyĺ	Howeverķ	 in	many	
species	individuaѴs	disperse	to	a	subordinate	position	in	a	nonŊ	nataѴ	group	ŐľsubŊ
ordinate	betweenŊ	groupĿ	dispersaѴőķ	despite	Ѵosing	the	kinŊ	seѴected	and	nepotistic	
benefits	of	 remaining	 in	 the	nataѴ	groupĺ	 It	 is	uncѴear	which	sociaѴķ	 genetic	and	
ecoѴogicaѴ	factors	drive	betweenŊ	group	dispersaѴĺ

Ƒĺ	 We	aim	to	eѴucidate	the	adaptive	significance	of	subordinate	betweenŊ	group	dispersaѴ	by	
examining	which	factors	promote	such	dispersaѴķ	whether	subordinates	gain	improved	
ecoѴogicaѴ	and	sociaѴ	conditions	by	 joining	a	nonŊ	nataѴ	groupķ	and	whether	betweenŊ	
group	dispersaѴ	resuѴts	in	increased	Ѵifetime	reproductive	success	and	survivaѴĺ

ƒĺ	 Using	 a	 ѴongŊ	term	 dataset	 on	 the	 cooperativeѴy	 breeding	 SeycheѴѴes	 warbѴer	
ŐAcrocephalus sechellensiső,	we	investigated	how	a	suite	of	proximate	factors	Őfood	
avaiѴabiѴityķ	group	compositionķ	age	and	sex	of	focaѴ	individuaѴsķ	popuѴation	densityő	
promote	subordinate	betweenŊ	group	dispersaѴ	by	comparing	such	dispersers	with	
subordinates	that	dispersed	to	a	dominant	position	or	became	fѴoatersĺ	We	then	
anaѴysed	whether	subordinates	that	moved	to	a	dominant	or	nonŊ	nataѴ	subordinate	
positionķ	or	became	fѴoatersķ	gained	improved	conditions	reѴative	to	the	nataѴ	terriŊ
tory	and	compared	fitness	components	between	the	three	dispersaѴ	strategiesĺ

Ɠĺ	 We	 show	 that	 individuaѴs	 that	 joined	 another	 group	 as	 nonŊ	nataѴ	 subordinates	
were	mainѴy	femaѴe	and	thatķ	simiѴar	to	fѴoatingķ	betweenŊ	group	dispersaѴ	was	asŊ
sociated	with	sociaѴ	and	demographic	factors	that	constrained	dispersaѴ	to	an	inŊ
dependent	 breeding	 positionĺ	 BetweenŊ	group	 dispersaѴ	 was	 not	 driven	 by	
improved	ecoѴogicaѴ	or	sociaѴ	conditions	in	the	new	territory	and	did	not	resuѴt	in	
higher	 survivaѴĺ	 Insteadķ	 betweenŊ	group	 dispersing	 femaѴes	 often	 became	 coŊ
breeders, obtaining maternity in the new territory, and were likely to inherit the 

territory	in	the	futureķ	Ѵeading	to	higher	Ѵifetime	reproductive	success	compared	
to	femaѴes	that	fѴoatedĺ	MaѴes	never	reproduced	as	subordinatesķ	which	may	be	
one	expѴanation	why	subordinate	betweenŊ	group	dispersaѴ	by	maѴes	is	rareĺ
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ƐՊ |ՊINTRODUC TION

In	many	cooperativeѴy	breeding	 speciesķ	 ecoѴogicaѴ	 conditions	and	
Ѵow	breeder	turnover	Ѵimit	the	possibiѴities	of	independent	breedingķ	
Ѵeading	 to	 intense	 competition	 for	 breeding	 vacancies	 ŐľecoѴogicaѴ	
constraints	hypothesisĿĸ	EmѴenķ	ƐƖѶƑĸ	HatchweѴѴ	ş	Komdeurķ	ƑƏƏƏőĺ	
In	additionķ	the	benefits	that	individuaѴs	obtain	by	being	in	a	group	
as subordinates can outweigh the benefits of leaving and breeding 

independentѴyķ	 even	 if	 breeding	 vacancies	 are	 avaiѴabѴe	 Őľbenefits	
of	 phiѴopatry	 hypothesisĿĸ	 Stacey	ş	 Ligonķ	 ƐƖƖƐĸ	 Komdeurķ	 ƐƖƖƑőĺ	
Subordinates	 therefore	often	deѴay	dispersaѴ	and	heѴp	with	 raising	
the	offspring	of	the	breeding	pair	in	the	nataѴ	territory	during	future	
breeding	attemptsķ	untiѴ	they	can	disperse	to	an	independent	breedŊ
ing	 position	 ŐHatchweѴѴķ	 ƑƏƏƖĸ	 Koenig	ş	Dickinsonķ	 ƑƏƐѵĸ	 Koenigķ	
PiteѴkaķ	Carmenķ	Mummeķ	ş	Stanbackķ	ƐƖƖƑőĺ

Subordinates	 may	 obtain	 important	 benefits	 by	 remaining	 in	
their	 nataѴ	 territory	 and	 shouѴd	 onѴy	 disperse	 when	 the	 benefits	
of	 dispersaѴ	 outweigh	 the	 benefits	 of	 phiѴopatry	 ŐKomdeurķ	 ƐƖƖƑĸ	
Stacey	ş	Ligonķ	ƐƖƖƐő	and	the	costs	associated	with	dispersaѴ	ŐBonte	
et	aѴĺķ	 ƑƏƐƑĸ	 Hegķ	 Bacharķ	 Brouwerķ	 ş	 Taborskyķ	 ƑƏƏƓĸ	 Johnsonķ	
FryxeѴѴķ	Thompsonķ	ş	Bakerķ	ƑƏƏƖĸ	Kingmaķ	Komdeurķ	Hammersķ	ş	
Richardsonķ	ƑƏƐѵőĺ	Subordinates	often	benefit	through	access	to	food	
resources	and	protection	from	predatorsķ	thereby	increasing	survivaѴ	
or	body	condition	ŐHeg	et	aѴĺķ	ƑƏƏƓĸ	RidѴeyķ	Raihaniķ	ş	NeѴsonŊ	FѴowerķ	
ƑƏƏѶőĺ	These	effects	can	be	 further	augmented	by	nepotistic	benŊ
efitsķ	where	parents	preferentiaѴѴy	 aѴѴocate	protection	or	 resources	
towards	 offspring	 ŐDickinsonķ	 Euaparadornķ	 GreenwaѴdķ	 Mitraķ	 ş	
Shizukaķ	ƑƏƏƖĸ	Ekmanķ	ByѴinķ	ş	TegeѴstrक़mķ	ƑƏƏƏĸ	NeѴsonŊ	FѴower	ş	
RidѴeyķ	ƑƏƐѵőĺ	Subordinates	can	aѴso	obtain	indirect	benefits	by	heѴpŊ
ing	to	rear	reѴated	offspring	 ŐBrigaķ	Penķ	ş	Wrightķ	ƑƏƐƑĸ	HamiѴtonķ	
ƐƖѵƓĸ	 Richardsonķ	 Komdeurķ	 ş	 Burke	 ƑƏƏƒőķ	 or	 direct	 reproducŊ
tive	benefits	by	gaining	parentage	within	 the	 territory	 ŐRichardsonķ	
Burkeķ	ş	Komdeurķ	ƑƏƏƑőĺ	A	high	ѴikeѴihood	of	inheriting	the	territory	
ŐPen	ş	Weissingķ	ƑƏƏƏőķ	or	 ľshiftingĿ	 to	a	nearby	vacancy	 ŐKingmaķ	
Bebbingtonķ	 Hammersķ	 Richardsonķ	 ş	 Komdeurķ	 ƑƏƐѵĸ	 Kokko	 ş	
Ekmanķ	ƑƏƏƑő	in	the	future	might	aѴso	seѴect	for	phiѴopatryĺ

Despite	 the	benefits	 that	 can	be	obtained	 through	nataѴ	 phiѴoŊ
patryķ	in	many	species	subordinates	disperse	and	accept	a	subordinate	
position	 in	otherķ	often	unreѴatedķ	groups	ŐhenceforthĹ	ľsubordinate	
betweenŊ	group	 dispersaѴĿĸ	 Reyerķ	 ƐƖѶƑĸ	 James	 ş	 OѴiphantķ	 ƐƖѶѵĸ	
MartझnŊ	VivaѴdiķ	 Martझnezķ	 PaѴominoķ	 ş	 SoѴerķ	 ƑƏƏƑĸ	 Seddon	 et	aѴĺķ	
ƑƏƏƔĸ	see	aѴso	RiehѴķ	ƑƏƐƒőĺ	As	nepotism	and	kinŊ	seѴected	benefits	

are	absent	or	minimaѴķ	investigating	why	subordinates	move	to	nonŊ	
nataѴ	groups	can	reveaѴ	 important	 information	about	the	sociaѴ	and	
environmentaѴ	 factors	 that	 drive	 both	 phiѴopatry	 and	 dispersaѴĺ	
Subordinate	 betweenŊ	group	 dispersaѴ	 may	 be	 a	 bestŊ	ofŊ	aŊ	badŊ	job	
strategy	 for	 subordinates	 forcedķ	 such	 as	 by	 evictionķ	 to	 disperse	
from	their	nataѴ	territoryĺ	Eviction	is	common	in	cooperativeѴy	breedŊ
ing	systems	and	 typicaѴѴy	occurs	when	 there	are	confѴicting	 fitness	
interests	 between	 dominants	 and	 subordinates	 ŐCantķ	Hodgeķ	 BeѴѴķ	
GiѴchristķ	ş	NichoѴsķ	ƑƏƐƏĸ	Fischerķ	Zक़ttѴķ	Groenewoudķ	ş	Taborskyķ	
ƑƏƐƓőĺ	Subordinates	who	cannot	controѴ	the	timing	of	dispersaѴ	are	
ѴikeѴy	 to	 disperse	 under	 suboptimaѴ	 conditionsķ	 and	 may	 become	
fѴoaters	 Őiĺeĺķ	 roaming	 through	 the	 popuѴation	 without	 association	
with	any	territoryőĺ	FѴoaters	Ѵack	access	to	groupŊ	defended	resources	
and	protection	from	predatorsķ	which	can	reduce	survivaѴ	and	reproŊ
duction	ŐBergķ	ƑƏƏƔĸ	Kingmaķ	Bebbingtonķ	et	aѴĺķ	ƑƏƐѵĸ	RidѴey	et	aѴĺķ	
ƑƏƏѶőĺ	Joining	an	unreѴated	group	as	a	subordinate	couѴd	function	to	
avoid	such	costs	Őeĺgĺķ	Reyerķ	ƐƖѶƏĸ	RidѴey	et	aѴĺķ	ƑƏƏѶĸ	RiehѴķ	ƑƏƐƒőĺ	
On	the	other	handķ	irrespective	of	the	possibiѴity	of	remaining	in	the	
nataѴ	 territoryķ	 betweenŊ	group	dispersaѴ	 couѴd	 function	 to	 increase	
an	individuaѴĽs	fitness	prospectsĺ	For	instanceķ	the	fitness	prospects	
of	subordinates	may	increase	if	betweenŊ	group	dispersaѴ	Ѵeads	to	inŊ
creased	access	to	foodķ	breeding	opportunitiesķ	or	a	shorter	queue	to	
inherit	a	territory	Őeĺgĺķ	NeѴsonŊ	FѴowerķ	WiѴeyķ	FѴowerķ	ş	RidѴeyķ	ƑƏƐѶőĺ

Our	aim	was	 to	eѴucidate	 the	proximate	drivers	of	subordinate	
betweenŊ	group	dispersaѴ	and	its	fitness	consequencesĺ	We	do	this	
by	comparing	subordinate	betweenŊ	group	dispersaѴ	with	two	other	
common	dispersaѴ	strategies	ŐfѴoatingķ	and	direct	dispersaѴ	to	a	domŊ
inant	 positionő	 in	 the	 cooperativeѴy	 breeding	 SeycheѴѴes	 warbѴer	
ŐAcrocephalus sechellensisőĺ	Where	previous	 studies	on	 this	 species	
have	emphasized	the	ecoѴogicaѴ	and	sociaѴ	correѴates	of	phiѴopatry	
vs.	 dispersaѴ	 ŐEikenaarķ	 Richardsonķ	 Brouwerķ	 ş	 Komdeurķ	 ƑƏƏƕĸ	
Kingmaķ	Bebbingtonķ	et	aѴĺķ	ƑƏƐѵőķ	here	we	focus	specificaѴѴy	on	disŊ
persing	individuaѴsĺ	The	majority	of	subordinate	SeycheѴѴes	warbѴers	
disperse	from	the	nataѴ	territory	at	some	pointķ	even	if	they	initiaѴѴy	
deѴay	 dispersaѴ	 ŐEikenaar	 et	aѴĺķ	 ƑƏƏƕĸ	 Kingmaķ	 Bebbingtonķ	 et	aѴĺķ	
ƑƏƐѵőĺ	We	thus	provide	a	crossŊ	sectionaѴ	overview	of	the	conditions	
under	which	dispersaѴ	occursĺ	IndividuaѴs	shouѴd	prefer	to	disperse	
to	a	dominant	position	over	becoming	a	fѴoaterķ	because	fѴoating	is	
costѴy	in	this	species	ŐKingmaķ	Komdeurķ	Burkeķ	ş	Richardsonķ	ƑƏƐƕőĺ	
Howeverķ	 the	 proximate	 drivers	 and	 the	 fitness	 consequences	
of	 subordinate	 betweenŊ	group	 dispersaѴ	 reѴative	 to	 these	 strateŊ
gies	are	uncѴearĺ	Firstķ	we	assess	which	sociaѴ	 Őgroup	sizeķ	breeder	

Ɣĺ	 Our	resuѴts	suggest	that	subordinate	betweenŊ	group	dispersaѴ	is	used	by	femaѴes	
to	 obtain	 reproductive	 benefits	 when	 options	 to	 disperse	 to	 an	 independent	
breeding	position	are	Ѵimitedĺ	This	provides	important	insight	into	the	additionaѴ	
strategies	that	individuaѴs	can	use	to	obtain	reproductive	benefitsĺ

K E Y W O R D S

benefits	of	phiѴopatryķ	communaѴ	breedingķ	cooperative	breedingķ	joint	nestingķ	nataѴ	
dispersaѴķ	subordinate	betweenŊgroup	dispersaѴ
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repѴacement	 and	 popuѴation	 densityőķ	 ecoѴogicaѴ	 Őterritory	 quaѴityő	
and	individuaѴ	Ősex	and	ageő	factors	are	associated	with	subordinate	
betweenŊ	group	 dispersaѴĺ	 Secondķ	 we	 test	 whether	 subordinate	
betweenŊ	group	dispersers	eventuaѴѴy	inhabit	a	better	territory	than	
their own natal territory and better than individuals that floated or 

dispersed	to	a	dominant	positionĺ	Food	avaiѴabiѴityķ	competition	for	
breeding	positions	and	the	possibiѴity	of	direct	benefits	are	aѴѴ	 imŊ
portant	for	survivaѴ	and	reproductive	success	in	the	SeycheѴѴes	warŊ
bѴer	 ŐBrouwerķ	 Richardsonķ	 Eikenaarķ	 ş	 Komdeurķ	 ƑƏƏѵĸ	 Komdeurķ	
ƐƖƖƑĸ	Richardson	et	aѴĺķ	ƑƏƏƑő	and	shouѴd	therefore	affect	dispersaѴ	
decisionsĺ	LastѴyķ	we	test	whether	subordinate	betweenŊ	group	disŊ
persaѴ	uѴtimateѴy	 Ѵeads	 to	 reproductive	and	 survivaѴ	benefits	 comŊ
pared	to	dispersing	to	a	dominant	positionķ	or	fѴoatingĺ	Togetherķ	our	
study	 provides	 vaѴuabѴe	 insights	 into	 the	 benefits	 of	 subordinate	
betweenŊ	group	dispersaѴ	 that	 are	 independent	 of	 nataѴ	 phiѴopatry	
and	kinŊ	seѴected	benefits	and	therefore	contributes	to	understandŊ
ing	the	drivers	of	sociaѴityķ	dispersaѴ	and	cooperationĺ

ƑՊ |ՊMATERIAL S AND METHODS

ƑĺƐՊ|ՊStudy species

The	SeycheѴѴes	warbѴer	is	a	smaѴѴ	insectivorous	passerine	endemic	to	
the	SeycheѴѴes	archipeѴago	in	the	Indian	Ocean	ŐHammers	et	aѴĺķ	ƑƏƐƔĸ	
Komdeurķ	DugdaѴeķ	Burkeķ	ş	Richardsonķ	ƑƏƐѵőĺ	Data	were	coѴѴected	
on	Cousin	 IsѴand	 ŐƑƖ	haķ	ƏƓºƑƏனSķ	ƔƔºƓƏனEő	 from	ƑƏƏƑ	 to	ƑƏƐƔĺ	The	
Cousin	IsѴand	popuѴation	of	SeycheѴѴes	warbѴer	fѴuctuates	around	ƒƑƏ	
aduѴt	 birds	on	ƐƐƏŋƐƐƔ	 territoriesĺ	 Since	ƐƖƖƕķ	 caĺ	 Ɩѵѷ	of	 the	 aduѴt	
popuѴation	has	been	ringed	in	any	given	yearķ	with	each	individuaѴ	havŊ
ing	a	unique	coѴour	and	metaѴ	ring	combination	ŐHadfieѴdķ	Richardsonķ	
ş	Burkeķ	ƑƏƏѵĸ	Hammers	et	aѴĺķ	ƑƏƐƔőĺ	SeycheѴѴes	warbѴers	are	sociaѴѴy	
monogamous, but on Cousin, ca	ƔƏѷ	of	territories	contain	one	to	four	
subordinates	 Őmean	 Ƽ	 SE	Ʒ	Əĺƕ	Ƽ	ƏĺƏƑĸ	 ƔƔѷ	 of	 subordinates	 are	 feŊ
maѴeő	that	are	usuaѴѴyķ	but	not	aѴwaysķ	retained	offspring	from	previous	
breeding	attempts	 ŐKingmaķ	Bebbingtonķ	et	aѴĺķ	ƑƏƐѵőĺ	Territories	are	
stable between years and territory boundaries are identified based on 

spacing	behaviour	and	confѴicts	with	intruding	conspecifics	ŐKomdeurķ	
ƐƖƖƐőĺ	Two	distinct	breeding	seasons	occurĹ	one	major	breeding	season	
ŐJuneŋSeptemberő	 and	 one	minor	 breeding	 season	 ŐJanuaryŋMarchĸ	
Komdeur	ş	Daanķ	ƑƏƏƔőĺ	CѴutches	typicaѴѴy	contain	a	singѴe	egg	ŐƖƐѷ	
of	cѴutcheső	and	many	nests	faiѴ	during	incubation	due	to	nest	predaŊ
tion	ŐKomdeur	ş	Katsķ	ƐƖƖƖőĺ	We	performed	reguѴar	censuses	throughŊ
out	the	breeding	season	to	determine	ŐƐő	group	membershipķ	based	on	
where birds are consistently seen foraging and involved in nonantagoŊ
nistic	interactions	with	other	resident	birdsķ	and	ŐƑő	status	in	the	group	
Ődominant	breeder	or	subordinateő	based	on	mate	guardingķ	courtship	
feeding	and	other	affiѴiative	behaviours	ŐKingmaķ	Komdeurķ	et	aѴĺķ	ƑƏƐѵĸ	
Richardson	et	aѴĺķ	ƑƏƏƑőĺ	Resighting	probabiѴities	are	extremeѴy	high	in	
our	study	popuѴation	ŐƖƑѷŋƖѶѷĸ	Brouwer	et	aѴĺķ	ƑƏƐƏőķ	so	individuaѴs	
that are not observed over two seasons can be confidently assumed 

dead. Birds are caught using mist nets and unringed individuals are 

subsequentѴy	ringedĺ	BѴood	sampѴes	ŐƑƔ	μѴő	are	taken	by	brachiaѴ	veniŊ
puncture	and	used	for	sexing	and	parentage	anaѴyses	Ősee	beѴowőĺ

SeycheѴѴes	warbѴers	 take	most	of	 their	arthropod	prey	from	the	
underside	 of	 Ѵeaves	 ŐKomdeurķ	 ƐƖƖƐőĺ	 Thereforeķ	 territory	 quaѴity	
can	 be	 accurateѴy	 estimated	 in	 terms	of	 arthropod	 abundance	 Ősee	
Komdeurķ	ƐƖƖƑ	and	Brouwer	et	aѴĺķ	ƑƏƏƖ	for	a	detaiѴed	descriptionőĺ	In	
briefķ	arthropod	abundance	was	estimated	at	ƐƓ	Ѵocations	each	month	
during	 the	 breeding	 season	 by	 counting	 the	 number	 of	 arthropods	
on	 the	underside	of	ƔƏ	 Ѵeaves	 for	 the	most	abundant	pѴant	species	
ŐmostѴy	treesőĺ	For	each	territoryķ	in	each	breeding	seasonķ	we	deterŊ
mined	the	vegetation	cover	of	each	of	the	pѴant	species	and	the	size	of	
the	territoryĺ	Territory	quaѴity	was	caѴcuѴated	by	muѴtipѴying	the	mean	
number	of	arthropods	per	pѴant	species	and	the	reѴative	cover	of	that	
pѴant	speciesķ	summed	over	aѴѴ	pѴant	speciesĺ	These	vaѴues	were	then	
muѴtipѴied	by	territory	size	and	ѴogŊ	transformedĺ	For	our	anaѴysesķ	terŊ
ritory	quaѴity	was	meanŊ	centred	within	breeding	seasons	by	estimatŊ
ing	the	best	Ѵinear	unbiased	predictors	ŐBLUPsĸ	Robinsonķ	ƐƖƖƐő	from	
a	random	regression	modeѴ	to	account	for	betweenŊ	year	differences	
due	to	variation	in	the	timing	and	frequency	of	sampѴingĺ	For	a	subŊ
set	of	territories	ŐƑѶѷő	for	which	no	estimate	of	territory	quaѴity	was	
avaiѴabѴe	at	the	time	of	dispersaѴ	Őeĺgĺķ	territory	quaѴity	was	not	aѴways	
measured	 in	winter	 seasonsőķ	we	used	 the	BLUPs	 for	 that	 territory	
across all seasons for which a measurement was available, which is the 

best	approximation	of	territory	quaѴity	in	any	given	season	ŐHammersķ	
Richardsonķ	Burkeķ	ş	Komdeurķ	ƑƏƐƑĸ	Groenewoud	et	aѴĺ	in	prepőĺ

ƑĺƑՊ|ՊDispersaѴ strategies

DispersaѴ	to	dominant	or	nonŊ	nataѴ	subordinate	positions	was	defined	
as	individuaѴs	permanentѴy	Ѵeaving	their	nataѴ	territory	and	settѴing	in	
a different territory for at least one season as a dominant or subordiŊ
nateĺ	IndividuaѴs	that	dispersed	to	a	dominant	position	usuaѴѴy	fiѴѴed	a	
vacancy	after	the	originaѴ	dominant	individuaѴ	had	died	or	dispersed	
or	theyķ	Ѵess	commonѴyķ	deposed	the	dominant	ŐRichardsonķ	Burkeķ	ş	
Komdeurķ	ƑƏƏƕőĺ	In	some	casesķ	subordinates	founded	a	new	territoryķ	
for	exampѴeķ	by	budding	off	part	of	their	resident	territory	ŐKomdeur	
ş	EdeѴaarķ	ƑƏƏƐőĺ	IndividuaѴs	were	assigned	as	fѴoaters	when	they	perŊ
manently left their natal territory and were recorded in at least three 

territories during the breeding season, without associating with any 

specific	group	ŐKingmaķ	Bebbingtonķ	et	aѴĺķ	ƑƏƐѵőĺ	AѴѴ	individuaѴs	were	
of	 known	 sexķ	 which	 was	 determined	 using	 moѴecuѴar	 techniques	
ŐRichardsonķ	Juryķ	BѴaakmeerķ	Komdeurķ	ş	Burkeķ	ƑƏƏƐőĺ

We	defined	the	age	at	which	an	 individuaѴ	dispersed	using	the	
mean date between when it was last seen in its natal territory and 

when	first	seen	in	its	new	territoryĺ	Most	birds	ŐƓƐƏņƓѵƐő	dispersed	
between	fieѴdwork	periodsķ	in	which	case	we	used	the	mean	date	beŊ
tween	these	fieѴdwork	periods	Őmean	Ƽ	SE number of days between 

fieѴdwork	 periods	Ʒ	ƐƐƕĺѵ	Ƽ	ƔƏĺƕ	daysőĺ	 DispersaѴ	 distance	 was	 
determined as metres between the geometric centres of the natal 

territory	and	the	territory	to	which	the	individuaѴ	dispersedĺ

ƑĺƒՊ|ՊGenetic reѴatedness and reproductive success

Pairwise	 genetic	 reѴatedness	 ŐRő	 was	 estimated	 based	 on	 ƒƏ	 miŊ
crosateѴѴite	 Ѵoci	 ŐRichardson	et	aѴĺķ	ƑƏƏƐĸ	Spurgin	et	aѴĺķ	ƑƏƐƓő	using	
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the	QueѴѴer	 and	 Goodnight	 ŐƐƖѶƖő	 estimation	 impѴemented	 in	 the	 
RŊ	package	ľRELATEDĿ	vƏĺѶ	ŐPewķ	Muirķ	Wangķ	ş	Frasierķ	ƑƏƐƔőĺ	A	previŊ
ous study using these microsatellite loci in the Seychelles warbler 

has	 confirmed	 that	 reѴatedness	 for	 known	 parentŋoffspring	 pairs	
does not differ from R = ƏĺƔ	ŐRichardsonķ	Komdeurķ	ş	Burkeķ	ƑƏƏƓő. 
To	 determine	 whether	 dispersers	 that	 joined	 another	 territory	 as	
nonŊ	nataѴ	 subordinates	 Őn = 3 males, n	Ʒ	ƑƏ	 femaѴeső	obtained	parŊ
entage	as	subordinatesķ	we	assigned	parentage	for	aѴѴ	offspring	that	
were	produced	in	that	territory	during	a	focaѴ	subordinateĽs	tenure	
using MASTERBAYES	ƑĺƔƑ	ŐHadfieѴd	et	aѴĺķ	ƑƏƏѵĸ	DugdaѴe	et	aѴĺ	in	prepĺőĺ

Lifetime	reproductive	success	was	estimated	by	assigning	aѴѴ	offŊ
spring	produced	per	breeding	 femaѴeķ	excѴuding	 those	 that	did	not	
survive	 to	subaduѴthood	 ŐƻƔ	months	of	ageőĺ	 IndividuaѴs	are	caught	
at	different	points	after	hatchingķ	incѴuding	as	nestѴingsķ	fѴedgѴings	or	
juveniles but almost all individuals are caught before reaching subŊ
aduѴthoodĺ	Furthermoreķ	mortaѴity	is	highest	prior	to	subaduѴthood	
ŐBrouwer	et	aѴĺķ	 ƑƏƐƏőķ	 and	 individuaѴs	never	breed	before	 this	 age	
ŐKomdeurķ	ƐƖƖƔőĺ	Using	this	criterion	therefore	more	accurateѴy	reŊ
fѴects	recruitment	than	using	aѴѴ	offspring	producedĺ	Lifetime	reproŊ
ductive success was determined only for females because almost all 

nonŊ	nataѴ	subordinates	were	femaѴe	ŐƑƏņƑƒőĺ	OnѴy	femaѴes	for	which	
we	had	documented	aѴѴ	Ѵifetime	reproductive	eventsķ	that	isķ	that	died	
before	the	end	of	our	study	Őn = 123, n = 18, n = 8 for females movŊ
ing	to	a	dominantķ	nonŊ	nataѴ	subordinate	or	fѴoating	positionķ	respecŊ
tiveѴyĸ	mean	age	at	death	was	Ɠĺѵ	years	and	did	not	differ	between	
different	 strategiesőķ	 were	 incѴudedĺ	 Furthermoreķ	 we	 excѴuded	 aѴѴ	
individuaѴs	that	were	transѴocated	to	another	isѴand	ŐƑƏƏƓ	and	ƑƏƐƐĸ	
Wrightķ	Spurginķ	CoѴѴarķ	ş	Komdeurķ	ƑƏƐƓő	within	a	year	after	 they	
dispersed	 for	 the	anaѴysis	of	 survivaѴķ	 and	aѴѴ	 individuaѴs	 that	were	
transѴocated	for	the	anaѴysis	of	Ѵifetime	reproductive	successĺ

ƑĺƓՊ|ՊStatisticaѴ anaѴyses

ƑĺƓĺƐՊ|ՊProximate drivers of betweenŊ group  
dispersal

To	identify	the	proximate	factors	that	determine	individuaѴ	disperŊ
saѴ	 strategiesķ	we	 appѴied	 a	muѴtinomiaѴ	 Ѵogistic	 regression	 anaѴyŊ
sis using the RŊ	package	 ľBRMSĿ	 vƐĺƔĺƐ	 ŐBুrknerķ	 ƑƏƐƕő	 which	 fits	
modeѴs	 through	 a	 HamiѴtonian	 Monte	 CarѴo	 ŐHMCő	 aѴgorithm	 in	
STAN	ŐHoffman	ş	GeѴmanķ	ƑƏƐƓĸ	Stan	DeveѴopment	Team	ƑƏƐƔőĺ	
Multinomial logistic regression generalizes the logistic regression to 

aѴѴow	for	the	fitting	of	more	than	two	possibѴe	discrete	outcomesĺ	
We	fitted	the	three	aѴternative	dispersaѴ	strategiesĹ	dispersaѴ	to	ŐƐő	
a	dominant	position	 Őreference	categoryĸ	n	Ʒ	ƓƏѵőķ	 ŐƑő	 a	nonŊ	nataѴ	
subordinate	position	 Őn	Ʒ	Ƒƒő	or	 Őƒő	 fѴoating	 Őn	Ʒ	ƒƑő	as	a	 response	
variabѴeĺ	We	added	individuaѴ	Őage	at	dispersaѴķ	sexőķ	sociaѴ	Őwhether	
breeder	repѴacement	had	occurredķ	group	sizeķ	popuѴation	densityő	
and	ecoѴogicaѴ	Őterritory	quaѴityő	factors	in	the	nataѴ	territory	as	preŊ
dictorsĺ	Group	size	was	expressed	as	 the	number	of	subordinates	
Őiĺeĺķ	oѴder	 than	 three	monthső	present	 in	 the	 territoryĺ	PopuѴation	
density	 Őiĺeĺķ	 the	totaѴ	number	of	birds	ƻѵ	months	on	the	 isѴand	at	
the	start	of	 the	breeding	seasonő	was	 incѴuded	as	a	proxy	 for	 the	

overaѴѴ	 degree	 of	 competition	 for	 dominant	 positionsĺ	 IndividuaѴs	
younger	than	ѵ	months	seѴdom	disperse	ŐKomdeurķ	ƐƖƖѵĸ	Eikenaar	
et	aѴĺķ	 ƑƏƏƕĸ	 this	 studyő	 and	 therefore	 rareѴy	 compete	 for	 breedŊ
ing	positionsĺ	We	 incѴuded	 ľfieѴd	 seasonĿ	as	a	 random	effectĺ	We	
used	weakѴy	reguѴarizing	normaѴ	priors	on	aѴѴ	beta	coefficients	and	
haѴfŊ	Cauchy	 priors	 on	 variance	 components	 ŐMcEѴreathķ	 ƑƏƐƔőĺ	
ModeѴ	 convergence	 and	 assumptions	 Őࡁ	 ŐGeѴman	 ş	 Rubinķ	 ƐƖƖƑő	
and	posterior	predictive	checkső	were	inspected	using	the	package	
ľSHINYSTANĿ	vƑĺƏĺƏ	ŐChangķ	Chengķ	AѴѴaireķ	Xieķ	ş	McPhersonķ	ƑƏƐƕĸ	
Gabryķ	ƑƏƐƔőĺ	AѴѴ	parameter	estimates	are	reported	as	means	with	
ƖƔѷ	Bayesian	credibѴe	intervaѴsĺ

ƑĺƓĺƑՊ|ՊDispersaѴ to improve conditions

We	investigated	whether	subordinates	 improved	their	conditions	
by	dispersingķ	and	whether	such	improvements	differed	between	
dispersaѴ	 strategiesķ	 using	 predictions	 derived	 from	 a	 benefitsŊ	
ofŊ	phiѴopatry	 frameworkĺ	 We	 tested	 whether	 subordinates	 with	
different	dispersaѴ	strategies	experienced	a	change	 Őcompared	to	
their	nataѴ	 territoryő	 in	 ŐƐő	 territory	quaѴityķ	 ŐƑő	group	size	and	 Őƒő	
reproductive	competition	Őiĺeĺķ	whether	there	was	a	sameŊ	sex	subŊ
ordinate	in	the	groupő	by	fitting	separate	ŐgeneraѴizedő	Ѵinear	mixed	
effects	 modeѴs	 with	 varying	 intercepts	 for	 individuaѴs	 Őn	Ʒ	ƓѵƐőĺ	
SpecificaѴѴyķ	we	 fitted	 ŐƐő	 territory	 quaѴity	 as	 a	 response	 variabѴe	
with	 a	Gaussian	error	 and	 incѴuded	 ľnataѴ	 vsĺ	 dispersaѴ	 territoryĿ	
Őiĺeĺķ	 a	 dummy	 variabѴe	 ŐƏņƐő	 which	 expresses	 the	 differenceķ	 or	
sѴopeķ	between	the	nataѴ	and	dispersaѴ	territory	 in	the	responseőķ	
dispersaѴ	 strategyķ	 sex	 and	 the	 threeŊ	way	 interaction	 between	
ľnataѴ	vsĺ	dispersaѴ	territoryķĿ	dispersaѴ	strategy	and	sex	as	predicŊ
torsĺ	To	estimate	changes	in	group	sizeķ	ŐƑő	we	fitted	group	size	as	a	
response	variabѴe	assuming	a	Poisson	errorĺ	We	incѴuded	ľnataѴ	vsĺ	
dispersaѴ	territoryķĿ	dispersaѴ	strategy	and	the	interaction	between	
ľnataѴ	vsĺ	dispersaѴ	territoryĿ	and	dispersaѴ	strategy	as	predictorsĺ	
To	assess	whether	 individuaѴs	experienced	a	change	in	reproducŊ
tive	competitionķ	Őƒő	we	fitted	the	presenceņabsence	of	a	sameŊ	sex	
subordinate	in	the	group	as	a	response	variabѴe	assuming	a	binoŊ
miaѴ	error	distributionĺ	We	incѴuded	ľnataѴ	vsĺ	dispersaѴ	territoryķĿ	
dispersaѴ	strategy	and	the	interaction	between	ľnataѴ	vsĺ	dispersaѴ	
territoryĿ	and	dispersaѴ	strategy	as	predictorsĺ	We	fitted	different	
changes between males and females only for the analysis of terriŊ
tory	quaѴityĸ	a	Ѵack	of	variation	in	the	response	prohibited	accurate	
estimation of sex effects in the other two models, and males and 

females were therefore analysed together.

Subordinates may increase their chances of territory inheritance 

by	joining	a	territory	where	the	sameŊ	sex	breeder	is	oѴder	than	the	
sameŊ	sex	breeder	in	their	nataѴ	territory	and	thus	is	more	ѴikeѴy	to	die	
in	the	near	future	ŐHammers	et	aѴĺķ	ƑƏƐƔőĺ	To	test	this	predictionķ	we	
compared	the	age	of	the	sameŊ	sex	dominant	breeder	in	the	nataѴ	and	
dispersaѴ	territories	at	the	time	of	dispersaѴ	by	fitting	the	ages	of	the	
sameŊ	sex	dominant	breeders	as	a	response	variabѴe	in	a	Ѵinear	mixed	
modeѴ	 with	 varying	 intercepts	 Őiĺeĺķ	 random	 effectső	 for	 different	
birds	 Ősubordinate	 betweenŊ	group	 dispersers	 onѴyĸ	 n = 21 and 23, 

for	nataѴ	and	dispersaѴ	territoriesķ	respectiveѴyőĺ	We	incѴuded	ľnataѴ	
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vsĺ	 dispersaѴ	 territoryĿ	 as	 a	 predictorĺ	 Furthermoreķ	 we	 assessed	
subordinateŊ	breeder	reѴatedness	in	the	nataѴ	and	nonŊ	nataѴ	territory	
to	test	whether	individuaѴs	that	dispersed	to	nonŊ	nataѴ	subordinate	
positions	did	so	to	territories	with	reѴated	breeders	where	they	couѴd	
gain	indirect	genetic	benefitsĺ	We	fitted	pairwise	reѴatedness	ŐR; see 

aboveő	as	a	response	variabѴe	assuming	a	Gaussian	error	distribution	
and	fitted	ľnataѴ	vs.	dispersaѴ	territoryķĿ	ľdominant	sexĿ	and	its	interŊ
action	as	predictor	variabѴesĺ	We	distinguished	between	femaѴe	and	
maѴe	dominants	in	this	anaѴysisķ	because	Ődue	to	extraŊ	pair	paternityő	
relatedness to the dominant female is higher than relatedness to the 

dominant male, and the former is therefore a more reliable indicator 

of	the	indirect	benefits	to	be	gained	ŐKomdeurķ	Richardsonķ	ş	Burkeķ	
ƑƏƏƓĸ	 Richardson	 et	aѴĺķ	 ƑƏƏƒőĺ	 OnѴy	 subordinate	 betweenŊ	group	
dispersers	were	incѴuded	in	this	anaѴysis	Őn	Ʒ	Ƒƒőĺ

ƑĺƓĺƒՊ|ՊFitness consequences of subordinate 
betweenŊ group dispersaѴ

We investigated the fitness benefits of becoming a subordinate on 

a	nonŊ	nataѴ	territory	by	assessing	ŐƐő	whether	they	obtained	a	domiŊ
nant	position	through	inheritance	or	ľstagingĿ	Ődispersing	again	after	
remaining	in	the	nonŊ	nataѴ	territory	for	at	Ѵeast	one	seasonĸ	Cockburnķ	
Osmondķ	MuѴderķ	Greenķ	ş	DoubѴeķ	ƑƏƏƒő	and	ŐƑő	whether	they	gained	
parentage	 ŐRichardson	 et	aѴĺķ	 ƑƏƏƑőĺ	 Furthermoreķ	we	 Őƒő	 compared	
Ѵifetime	reproductive	success	Őnumber	of	independent	offspringĸ	see	
Ƒĺƒ	ľGenetic	reѴatedness	and	reproductive	successĿő	of	femaѴes	that	
dispersed	 to	 nonŊ	nataѴ	 subordinate	 or	 dominant	 positionsķ	 or	 that	
became floaters. Many females in our dataset never successfully reŊ
produced	ŐƔѶņƐƓƖőĸ	thereforeķ	totaѴ	Ѵifetime	reproductive	output	was	
fitted	as	the	response	variabѴe	 in	a	zeroŊ	infѴated	Poisson	regression	
modeѴĺ	DispersaѴ	strategy	was	added	as	a	predictor	and	Bayes	factors	
were calculated to assess the differences between these strategies.

DispersaѴ	 strategies	 might	 have	 different	 costs	 ŐKingmaķ	
Bebbingtonķ	et	aѴĺķ	ƑƏƐѵķ	Kingma	et	aѴĺķ	ƑƏƐƕőĺ	We	compared	survivaѴ	
to the next season in the first year after an individual had left its 

nataѴ	 territory	 for	 individuaѴs	 that	 dispersed	 to	 nonŊ	nataѴ	 subordiŊ
nate	or	 dominant	 positionsķ	 or	 that	 became	 fѴoatersķ	 in	 a	 generaѴŊ
ized linear model with a binomial error structure. We included age 

at	dispersaѴ	Őin	yearső	as	a	covariate	in	the	modeѴĺ	We	fitted	separate	
models for males and females, because the low occurrence of male 

betweenŊ	group	dispersaѴ	prevented	accurate	estimation	of	the	ľsex	
x	dispersaѴ	strategyĿ	interactionĺ

AѴѴ	 frequentist	modeѴs	were	 fitted	with	package	 ľLME4Ŀ	vƐĺƐŊ	ƐƑ	
ŐBatesķ	M࢜chѴerķ	BoѴkerķ	ş	WaѴkerķ	ƑƏƐƔő	and	checked	for	modeѴ	assumpŊ
tions	such	as	overdispersionķ	homogeneity	of	variance	and	normaѴityĺ	
We	used	an	 information	 theoretic	modeѴ	 seѴection	approach	using	
AICc	ŐAkaikeķ	ƐƖƕƒĸ	Hurvich	ş	Tsaiķ	ƐƖѶƖőĺ	We	fitted	fuѴѴ	modeѴs	and	
removed variables from the model if this resulted in a lower AICc 

value. Parameter estimation was based on the model with the lowŊ
est	 AICc	 vaѴueķ	 and	 previousѴy	 dropped	 variabѴes	were	 reŊ	entered	
sequentiaѴѴy	to	be	estimatedĺ	Parameter	significance	was	estimated	
on the basis of likelihood ratio tests between nested models asŊ
suming a χƑŊ	 distribution	 or	 FŊ	distributionĺ	 SimiѴar	 ľintermediateĿ	

modeѴ	 seѴection	 approaches	 have	 been	 advocated	 in	 Zuurķ	 Ienoķ	
WaѴkerķ	 SaveѴievķ	 and	 Smith	 ŐƑƏƏƖőĺ	 AѴѴ	 higherŊ	order	 interactions	
were	dropped	for	the	estimation	of	main	effectsķ	and	modeѴ	predicŊ
tions	were	made	using	 the	package	ľAICCMODAVGĿ	vƑĺƐŊƐ	 ŐMazeroѴѴeķ	
ƑƏƐƕőĺ	We	used	to	the	package	ľMULTCOMPĿ	vƐĺƓŊ	ѵ	ŐHothornķ	Bretzķ	ş	
WestfaѴѴķ	ƑƏƏѶő	and	ľPHIAĿ	vƏĺƑŊ	Ɛ	ŐDe	RosarioŊ	Martinezķ	ƑƏƐƔő	to	obŊ
tain linear contrasts between different factor levels and interactions. 

AѴѴ	anaѴyses	were	performed	in	R	version	ƒĺƒĺƐ	ŐR	Core	Teamķ	ƑƏƐѵőĺ

ƒՊ |ՊRESULTS

ƒĺƐՊ|ՊSubordinate dispersaѴ strategies

We	 identified	 dispersaѴ	 events	 for	 ƓѵƐ	 subordinates	 Őn = 223 feŊ
males, n	Ʒ	ƑƒѶ	maѴesĸ	Figure	Ɛķ	TabѴe	Ɛőĺ	DispersaѴ	to	a	dominant	poŊ
sition	was	most	common	 Őn	Ʒ	ƓƏѵķ	ѶѶѷőķ	whiѴe	Ƒƒ	 individuaѴs	 ŐƔѷő	
dispersed	to	a	subordinate	position	in	a	nonŊ	nataѴ	territory	and	ƒƑ	
individuaѴs	 Őƕѷő	became	fѴoatersĺ	Of	the	 individuaѴs	 that	moved	to	
a	subordinate	positionķ	six	acted	as	stagersķ	moving	again	to	either	
a	dominant	 Őthree	 femaѴes	 and	 two	maѴeső	or	 another	 subordinate	
position	 Őone	femaѴeő	after	staying	 in	the	territory	for	onѴy	a	short	
time	 Őmean	Ƽ	SE	Ʒ	ƏĺƕƔ	Ƽ	ƏĺѶѶ	yearsĸ	seven	 inherited	the	dominant	
position	after	a	mean	of	ƑĺƔƓ	Ƽ	ƏĺѶƑ	years	ŐaѴѴ	femaѴesőķ	and	eight	reŊ
mained	as	subordinates	in	their	new	territory	untiѴ	they	died	Őtenure	
as	subordinateĹ	mean	Ƽ	SE	Ʒ	Ƒĺƕƕ	Ƽ	Əĺƕѵ	yearsĸ	aѴѴ	femaѴesőĺ

ƒĺƑՊ|ՊProximate drivers of betweenŊ group dispersaѴ

SeveraѴ	 proximate	 factors	 were	 associated	 with	 the	 ѴikeѴihood	
that	 individuaѴs	 dispersed	 to	 a	 nonŊ	nataѴ	 subordinate	 positionķ	

F IGURE  ƐՊThe	fate	of	ƓѵƐ	subordinate	SeycheѴѴes	warbѴers	that	
foѴѴowed	different	dispersaѴ	trajectories	from	their	originaѴ	nataѴ	
territoryķ	with	proportions	of	maѴes	ŐbѴueő	and	femaѴes	Őpinkő	in	
each category. When numbers are not carried through to the next 

category, this means that these individuals were seen last in that 

earѴier	position
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became	 a	 fѴoaterķ	 or	 dispersed	 to	 a	 dominant	 position	 directѴy	
ŐFigure	Ƒőĺ	 Subordinate	 betweenŊ	group	 dispersers	 were	 most	
often	femaѴe	ŐѶƕѷőķ	dispersed	during	periods	of	high	popuѴation	
densityķ	came	from	smaѴѴer	groupsķ	and	were	both	younger	 Ősee	
aѴso	TabѴe	Ɛő	and	more	ѴikeѴy	to	have	experienced	dominant	maѴe	
turnover	in	their	nataѴ	territory	than	individuaѴs	that	dispersed	to	
a	dominant	position	directѴy	 ŐFigure	Ƒőĺ	 IndividuaѴs	 that	became	
fѴoaters	were	younger	than	those	that	moved	to	a	dominant	posiŊ
tion	directѴyķ	but	they	were	not	more	ѴikeѴy	to	be	femaѴe	ŐFigure	Ƒĸ	
ƓƓѷ	 of	 fѴoaters	 are	 femaѴeő	 and	 the	 ѴikeѴihood	 of	 becoming	 a	
fѴoater	was	not	reѴated	to	popuѴation	densityĺ	SimiѴar	to	individuŊ
aѴs	that	moved	to	a	subordinate	positionķ	fѴoaters	often	Ѵeft	their	
nataѴ	territory	after	repѴacement	of	the	dominant	maѴe	Ődominant	
maѴes	were	repѴaced	for	ƖņƒƑ	ŐƑѶѷő	fѴoatersķ	ѵņƑƒ	ŐƑѵѷő	of	suborŊ
dinate	betweenŊ	group	dispersers	and	ƓѵņƓƏѵ	ŐƐƐѷő	of	 individuŊ
aѴs	 that	 dispersed	 to	 a	 dominant	 positionőĺ	 RepѴacement	 of	 the	
dominant	 femaѴe	 in	 the	 nataѴ	 territory	 did	 not	 affect	 dispersaѴ	
strategy	ŐFigure	Ƒőĺ

ƒĺƒՊ|ՊDispersaѴ to improve conditions

There	 was	 no	 difference	 in	 the	 quaѴity	 of	 the	 nataѴ	 and	 disperŊ
saѴ	 territory	 for	 subordinate	 betweenŊ	group	 dispersing	 femaѴes	
Őχ2

1
 < 0.01, p	Ʒ	ƏĺƖƕĸ	Figure	ƒaőĺ	FemaѴes	Őχ2

1
 Ʒ	ƔĺƑѶķ	p	Ʒ	ƏĺƏƓő	and	

maѴes	 Őχ2
1

 Ʒ	ѵĺѶƔķ	 p	Ʒ	ƏĺƏƓő	 that	 moved	 to	 a	 dominant	 breeding	
position	had	significantѴy	Ѵower	territory	quaѴity	in	their	new	terŊ
ritory	 ŐFigure	ƒaőĺ	For	 femaѴes	 that	obtained	a	dominant	position	
after	 fѴoatingķ	 territory	 quaѴity	 was	 aѴso	 Ѵower	 in	 the	 new	 terriŊ
tory	 than	 in	 the	 nataѴ	 territory	 Őχ2

1
 Ʒ	ѵĺƑƓķ	 p	Ʒ	ƏĺƏƓőĺ	MaѴes	 that	

obtained	a	dominant	position	after	fѴoating	experienced	no	signifiŊ
cant	change	in	territory	quaѴity	Őχ2

1
 = 0.03, p	Ʒ	ƏĺƖƕőĺ	Subordinate	

betweenŊ	group	 dispersers	 Őχ2
1

 Ʒ	ƏĺƕƖķ	 p	Ʒ	ƏĺƔѵő	 and	 individuaѴs	
that	 obtained	 a	 position	 after	 fѴoating	 Őχ2

1
 = 0.06, p	Ʒ	ƏĺѶƐő	 did	

not	 move	 to	 groups	 of	 different	 size	 than	 their	 nataѴ	 territory	
ŐFigure	ƒbőĺ	 Howeverķ	 subordinates	 that	 dispersed	 directѴy	 to	 a	
dominant	breeding	position	moved	to	groups	that	contained	fewer	
subordinates	 than	 their	 nataѴ	 territory	 Őχ2

1
 Ʒ	ƒƏĺƖƓķ	 p < 0.001; 

Figure	ƒbőĺ	Subordinates	dispersing	directѴy	to	a	dominant	breedŊ
ing	position	aѴso	moved	to	smaѴѴer	groups	reѴative	to	subordinate	
betweenŊ	group	 dispersers	 Ődf = 1, z = 2.21, p	Ʒ	ƏĺƏƒĸ	 Figure	ƒbőĺ	
The	probabiѴity	of	having	a	sameŊ	sex	subordinate	in	the	nataѴ	and	
new	territory	was	simiѴar	for	subordinate	betweenŊ	group	dispersŊ
ers	 Őχ2

1
  < 0.001, p	Ʒ	ƏĺƖƖĸ	 Figure	ƒcőķ	 and	 there	 were	 no	 differŊ

ences	between	dispersaѴ	strategies	Őinteraction	ľnataѴ	vs.	dispersaѴ	
territory	 Ƶ	 dispersaѴ	 strategyĿĹ	 χ2

3
 Ʒ	ƓĺƔƔķ	 p	Ʒ	ƏĺƑƐőĺ	 OveraѴѴķ	 the	

probabiѴity	 of	 having	 a	 sameŊ	sex	 subordinate	 was	 Ѵower	 in	 the	
new	 territory	 than	 in	 the	nataѴ	 territory	 Őχ2

1
 Ʒ	ƐƖĺƕƓķ	p	ƺ	Əĺ	 ƏƏƐőĺ	

Subordinate	betweenŊ	group	dispersers	did	not	move	to	territories	
with	 an	 oѴder	 sameŊ	sex	 breeder	 dominant	 Őχ2

1	Ʒ	ƏĺƑƔķ	 p = 0.61; 

Figure	ƒdőķ	 and	 this	 did	 not	 differ	 between	 subordinate	 sexes	
Őχ2

1 = 0.06, p	Ʒ	ƏĺƕƖőĺ
Subordinates were highly related to the dominants in their 

nataѴ	group	ŐRnatal maleĹ	mean	Ƽ	SE	Ʒ	ƏĺƑƖ	Ƽ	ƏĺƏƓķ	z = 6.61, p < 0.001; 

Rnatal femaleĹ	 mean	 Ƽ	 SE	Ʒ	ƏĺƒƖ	Ƽ	ƏĺƏƔķ	 z = 8.72, p	ƺ	ƏĺƏƏƐőķ	 but	 not	
to the dominants in the territory that they joined as subordinates 

after	dispersing	 ŐRdispersaѴ	maѴeĹ	mean	Ƽ	SE	Ʒ	ƴƏĺƏƑ	Ƽ	ƏĺƏƓķ	 z	Ʒ	ƴƏĺƓƓķ	
p	Ʒ	ƏĺƖƖĸ	RdispersaѴ	femaѴeĹ	mean	Ƽ	SE	Ʒ	ƏĺƏƒ	Ƽ	ƏĺƏƓķ	z = 0.778, p	Ʒ	ƏĺѶƖőĺ	
Subordinates	were	consequentѴy	Ѵess	reѴated	to	the	dominants	in	the	
territories they joined as subordinates than they were to the domiŊ
nants in their natal territory, and this decrease was similar between 

subordinates	and	the	dominant	femaѴe	and	maѴe	Őchange	in	R: mean 

Ƽ	 SE	Ʒ	ƴƏĺƒƒ	Ƽ	ƏĺƏƓķ	 χ2
1

 Ʒ	ƓѶĺƕѶķ	 p	ƺ	ƏĺƏƏƐőĺ	 SubordinateŊ	breeder	
reѴatedness	 between	 the	 nataѴ	 and	 dispersaѴ	 territory	 showed	 a	
simiѴar	decrease	when	we	incѴuded	onѴy	betweenŊ	group	dispersing	
subordinate	femaѴes	Őn = 20; change in RĹ	mean	Ƽ	SE	Ʒ	ƴƏĺƒѵ	Ƽ	ƏĺƏƓķ	
χ2

1
 Ʒ	ƓƕĺƐƑķ	p	ƺ	ƏĺƏƏƐőĺ

TABLE  ƐՊDifferences	in	age	at	dispersaѴ	and	dispersaѴ	distances	for	subordinates	in	the	SeycheѴѴes	warbѴer	with	different	dispersaѴ	
strategies	using	Ѵinear	modeѴs	with	sexķ	dispersaѴ	strategy	and	the	interaction	ľsex	Ƶ	dispersaѴ	strategyĿĺ	Contrasts	that	differed	significantѴy	
are	dispѴayed	in	boѴd

Position 
after 

dispersal

n

Age at dispersaѴ Őyearső 
Őmean Ƽ SEő DispersaѴ distance Őmő Őmean Ƽ SEő

Female MaѴe Female MaѴe Female MaѴe

Dominant ƐѶƖ 217 ƐĺƑƒ	Ƽ	ƏĺƏƔ ƐĺƒƓ	Ƽ	ƏĺƏƓ Dom vs. Sub: 

ƏĺƑƕ	Ƽ	ƏĺƐƓķ	
t	Ʒ	ƴƐĺƖѵķ	p = 0.12

ƑƒƐĺƔѶ	Ƽ	ѶĺƖƖ ƐƏƖĺƑƔ	Ƽ	ѶĺƒƖ Dom vs. Sub: 

ƏĺƒƐ	Ƽ	ƏĺƑƕķ	
t	Ʒ	ƐĺƐƔķ	p	Ʒ	ƏĺƓƕ

NonŊ	nataѴ	
subordiŊ
nate

20 3 ƐĺƏƔ	Ƽ	ƏĺƐƓ ƏĺƔƑ	Ƽ	Əĺƒѵ Sub vs. Float: 

ƏĺƏƒ	Ƽ	ƏĺƐѶķ	
t = 0.18, p	Ʒ	ƏĺƖѶ

ƑƏƓĺƒƔ	Ƽ	ƑƕĺѵƔ Ɠѵĺƕƕ	Ƽ	ƕƐĺƒƖ Sub vsĺ FѴoatĹ 
ƴƐĺƓѶ Ƽ Əĺƒƕķ 
t = ƴƒĺƖƓķ p ƺ ƏĺƏƏƐ

Floater ƐƓ 18 ƏĺƖ	Ƽ	ƏĺƐƕ ƐĺƏƕ	Ƽ	ƏĺƐƔ FѴoat vsĺ DomĹ 
ƴƏĺƒƏ Ƽ ƏĺƐƑķ 
t Ʒ ƑĺƔѶķ p Ʒ ƏĺƏƒ

ƒƑƔĺƏƒ	Ƽ	ƒƓĺƑƖ ƑѵƑĺƒƔ	Ƽ	ƓƒĺƕƑ FѴoat vsĺ DomĹ 
ƐĺƐƕ Ƽ ƏĺƑѶķ 
t Ʒ ƓĺƑƏķ p ƺ ƏĺƏƏƐ

Total 223 238 FemaѴe	vsĺ	MaѴeĹ	ƏĺƐƏ	Ƽ	ƏĺƏѵķ	
F	Ʒ	ƑĺƔƖķ	p = 0.11

FemaѴe vsĺ MaѴeĹ ƴƐĺƑƐ Ƽ ƏĺƐƑķ 
F Ʒ ƐƏƒĺƑķ p ƺ ƏĺƏƏƐ
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ƒĺƓՊ|ՊFitness consequences of subordinate  
betweenŊ group dispersaѴ

About	ƒѶѷ	ŐѶņƑƐő	of	betweenŊ	group	dispersing	subordinate	femaѴes	
gained	parentage	in	their	nonŊ	nataѴ	territoryĺ	Subordinate	betweenŊ	
territory	 dispersing	 femaѴes	 had	 a	 moderate	 ѴikeѴihood	 of	 inherŊ
iting	 their	 nonŊ	nataѴ	 territory	 Őƒƒѷĸ	ƕņƑƐőķ	 and	Ɣƕѷ	 ŐƓņƕő	 of	 these	
inheriting	 subordinates	gained	parentage	as	 a	 subordinate	 in	 their	
nonŊ	nataѴ	territoryĺ	SimiѴarѴyķ	among	the	betweenŊ	group	dispersing	
femaѴes	that	died	as	a	subordinate	in	their	nonŊ	nataѴ	territoryķ	ƔƏѷ	
ŐƓņѶő	reproduced	as	a	subordinateĺ	Stagers	Őn	Ʒ	ѵņƑƐ	betweenŊ	group	
disperserső	never	obtained	parentage	ŐTabѴe	Ƒőĺ	Subordinate	femaѴes	
produced	ƔƑѷ	 ŐƐƔņƑƖő	of	 aѴѴ	offspring	produced	 in	 their	nonŊ	nataѴ	
territories during their tenure.

AѴmost	 aѴѴ	 fѴoater	 femaѴes	 ŐƖƒѷĸ	 ƐƒņƐƓőķ	 but	 onѴy	 ƓƓѷ	 ŐѶņƐѶő	
of	 fѴoater	maѴesķ	obtained	a	dominant	position	after	 fѴoating	 ŐmaѴe	

vs.	 femaѴe	 fѴoaters	 obtaining	 a	 dominant	 position	 after	 fѴoating	
ŐPearsonĽs	 χ2Ŋtest	 with	 MCMC	 simuѴated	 pŊ	vaѴuesķ	 n	Ʒ	ƑķƏƏƏőĹ	
χ2 = 8.18, p	Ʒ	ƏĺƏƏƔőĺ	 This	 difference	 is	 expѴained	 by	maѴe	 fѴoaters	
having	a	 Ѵower	probabiѴity	of	survivaѴ	 to	 the	next	breeding	season	
than	maѴes	that	dispersed	directѴy	to	a	dominant	position	 ŐƓƐѷ	vsĺ	
ƖƐѷ	 survivaѴĸ	 βfѴoaterŊdominantĹ	 mean	 Ƽ	 SE	Ʒ	ƴƑĺƔƓ	Ƽ	ƏĺƔƓķ	 χ2	Ʒ	ƴƑĺƔƑķ	
p	ƺ	ƏĺƏƏƐĸ	Figure	Ɠaőĺ	FemaѴes	showed	no	significant	differences	in	
survivaѴ	between	dispersaѴ	strategies	Őχ2	Ʒ	ƏĺƏƔķ	p	Ʒ	ƏĺƖƕĸ	Figure	Ɠaőĺ

FemaѴe	subordinates	that	dispersed	to	a	nonŊ	nataѴ	subordinate	
position	 had	 simiѴar	 Ѵifetime	 reproductive	 success	 to	 femaѴes	 that	
moved	directѴy	to	dominant	position	ŐβsubordinateŊdominantĹ	mean	ŐƖƔѷ	
CIő	Ʒ	ƏĺƑƐ	ŐƴƏĺƐѵķ	ƏĺƔƕőĸ	Figure	Ɠbőķ	and	both	had	higher	Ѵifetime	reŊ
productive	success	than	femaѴe	fѴoaters	ŐβsubordinateŊfѴoaterĹ	mean	ŐƖƔѷ	
CIő	Ʒ	ƏĺƖƕ	ŐƏĺƐƖķ	ƐĺѶƓőĸ	βfѴoaterŊdominantĹ	mean	ŐƖƔѷ	CIő	Ʒ	ƴƏĺƕѵ	ŐƴƐĺƔѶķ	
ƴƏĺƏƓőĸ	Figure	Ɠbőĺ

ƓՊ |ՊDISCUSSION

In	cooperativeѴy	breeding	speciesķ	subordinates	are	expected	to	disŊ
perse	when	the	fitness	benefits	of	doing	so	outweigh	those	of	nataѴ	
phiѴopatry	ŐStacey	ş	Ligonķ	ƐƖƖƐőĺ	In	many	speciesķ	individuaѴs	Ѵeave	
their	nataѴ	territory	to	settѴe	as	a	subordinate	eѴsewhereķ	despite	the	
Ѵack	of	nepotism	and	kinŊ	seѴected	benefits	on	nonŊ	nataѴ	territoriesĺ	
Why	they	do	so	has	been	ѴargeѴy	unexpѴored	Őbut	see	RiehѴķ	ƑƏƐƒőĺ	
Our	anaѴyses	reveaѴ	that	dispersaѴ	to	a	nonŊ	nataѴ	subordinate	posiŊ
tion	and	fѴoating	are	associated	with	reduced	nepotism	Őiĺeĺķ	higher	
ѴikeѴihood	of	dominant	maѴe	repѴacementő	and	constraints	on	disperŊ
saѴ	 Őiĺeĺķ	 higher	 popuѴation	 densityőĺ	Howeverķ	 subordinate	 femaѴes	
can	escape	the	costs	of	fѴoating	by	becoming	a	cobreeder	in	an	unŊ
reѴated	groupĺ	We	discuss	our	resuѴts	beѴow	and	expѴain	how	they	
aѴѴow	inferences	about	the	importance	of	the	benefits	of	phiѴopatry	
and	ecoѴogicaѴ	constraints	hypotheses	in	expѴaining	sociaѴity	in	this	
cooperativeѴy	breeding	speciesĺ

ƓĺƐՊ|ՊProximate factors promoting betweenŊ 
group dispersal

Nepotism	 and	 parentaѴ	 toѴerance	 can	 affect	 dispersaѴ	 decisions	
and	fitness	ŐEikenaar	et	aѴĺķ	ƑƏƏƕĸ	Ekman	ş	Griesserķ	ƑƏƏƑĸ	NeѴsonŊ	
FѴower	ş	RidѴeyķ	ƑƏƐѵőĺ	Our	anaѴyses	show	that	the	repѴacement	of	
the dominant male, but not the female, in the natal territory is asŊ
sociated	with	subordinates	joining	an	unreѴated	group	or	becoming	
a	fѴoater	ŐFigure	Ƒőĺ	This	resuѴt	indicates	that	nepotism	ŐtoѴerance	by	
a	reѴated	dominant	maѴeő	pѴays	a	roѴe	in	expѴaining	phiѴopatry	in	this	
speciesĺ	Due	 to	 high	 rates	 of	 extraŊ	pair	 paternity	 Őcaĺ	 ƓƏѷ	of	 offŊ
springĸ	Richardson	et	aѴĺķ	ƑƏƏƐőķ	phiѴopatric	subordinates	are	on	avŊ
erage more related to the breeding female than to the breeding male 

ŐRichardson	et	aѴĺķ	ƑƏƏƑőĺ	 If	kinŊ	seѴected	benefits	drove	phiѴopatryķ	
we	wouѴd	expect	higher	dispersaѴ	propensity	when	the	breeding	feŊ
maѴeķ	rather	than	the	breeding	maѴeķ	is	repѴacedĺ	Thusķ	our	resuѴts	are	
consistent	with	reduced	nepotistic	benefits	and	potentiaѴ	evictionķ	
but	not	reduced	indirect	benefitsķ	driving	dispersaѴĺ	That	eviction	is	

F IGURE  ƑՊParameter	estimates	with	ƔƏѷ	Őthick	error	barső	and	
ƖƔѷ	Őthin	error	barső	credibѴe	intervaѴs	of	the	proximate	factors	that	
may	drive	the	dispersaѴ	strategies	of	ƓѵƐ	subordinate	SeycheѴѴes	
warbѴersĺ	SymboѴs	represent	the	mean	effect	ŐѴog	odds	ratioső	
that	individuaѴs	wiѴѴ	disperse	to	a	nonŊ	nataѴ	subordinate	position	
reѴative	to	a	dominant	position	ŐtriangѴesőķ	become	fѴoaters	reѴative	
to	moving	to	a	nonŊ	nataѴ	subordinate	position	Ősquareső	or	become	
fѴoaters	reѴative	to	the	probabiѴity	of	moving	to	a	dominant	position	
ŐcircѴesőĺ	The	reference	category	for	sex	is	ľfemaѴeĿ

Age at
dispersal

Territory
quality

Breeder female
replaced

Breeder male
replaced

Number of
subordinates

Population
density

Sex

−4 −3 −2 −1 0 1 2 3 4

Parameter estimate (mean ± CI)

Subordinate vs dominant

Floating vs subordinate

Floating vs dominant
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responsibѴe	for	subordinate	dispersaѴ	to	positions	other	than	domiŊ
nant	 onesķ	 is	 further	 supported	by	 betweenŊ	group	dispersers	 and	
fѴoaters	being	younger	at	 the	time	of	dispersaѴ	and	tending	to	disŊ
perse	under	higher	popuѴation	density	 than	 subordinates	 that	disŊ
persed	to	a	dominant	position	ŐFigure	Ƒķ	TabѴe	Ɛőĺ	These	resuѴts	are	
consistent	with	 reduced	 parentaѴ	 toѴerance	 for	 nataѴ	 subordinates	
ŐNeѴsonŊ	FѴower	 ş	 RidѴeyķ	 ƑƏƐѵő	 and	 with	 increased	 competition	
for	 independent	 breeding	 positions	 after	 Őforcedő	 dispersaѴķ	 such	
as	proposed	by	the	ecoѴogicaѴ	constraint	hypothesis	ŐEmѴenķ	ƐƖѶƑőĺ	
InterestingѴyķ	our	resuѴts	suggest	that	reduced	ѴocaѴ	competition	Őiĺeĺķ	
group	sizeő	increases	the	probabiѴity	of	betweenŊ	group	dispersaѴķ	but	
not	fѴoatingķ	reѴative	to	dispersaѴ	to	a	dominant	position	 ŐFigure	Ƒőĺ	
Previous studies in the Seychelles warbler suggest that this is not 

the	 resuѴt	of	dispersaѴ	due	to	 increased	competition	 Őiĺeĺķ	 for	 foodő	

in	the	groupķ	because	group	size	 is	not	associated	with	the	overaѴѴ	
ѴikeѴihood	of	dispersaѴ	ŐEikenaar	et	aѴĺķ	ƑƏƏƕőĺ	One	possibiѴity	is	that	
smaѴѴ	groups	are	an	 indication	of	poor	group	reproductive	success	
and	therefore	of	Ѵow	predicted	future	benefits	of	cobreedingķ	which	
is	one	of	the	major	benefits	of	femaѴe	phiѴopatry	ŐRichardson	et	aѴĺķ	
ƑƏƏƑőĺ

ƓĺƑՊ|ՊBetweenŊ group dispersaѴ as a strategy

AѴѴ	fѴoaters	either	died	or	gained	a	dominant	position	after	fѴoatingķ	
but	none	joined	a	group	as	a	nonŊ	nataѴ	subordinateķ	which	suggests	
that these individuals are using a different strategy. This is in conŊ
trast	 to	 pied	babbѴers	Turdoides bicolor, where floaters were more 

ѴikeѴy	to	regain	a	position	as	a	subordinate	than	as	dominant	breeders	

TABLE  ƑՊMean	tenure	durationķ	whether	individuaѴs	heѴp	and	gain	reproductive	success	Őnumber	of	individuaѴs	that	gained	parentage	
and	number	of	offspring	sired	by	subordinate	vs.	totaѴ	offspring	produced	in	the	territory	during	subordinate	tenureő	of	nonŊ	nataѴ	
subordinate	SeycheѴѴes	warbѴers	ŐwhiѴe	subordinateő	with	different	eventuaѴ	fates	in	the	territory	to	which	they	dispersedĺ	Most	Őn	Ʒ	ƑƏő	
were females, but two males were observed staging

Subordinate tenure duration 

Őmean Ƽ SE yearső

Number of individuaѴs
Offspring sired by subordinate  
Őout of totaѴ number of offspringőObserved heѴping Gained parentage

Died	Őn	Ʒ	Ѷő Ƒĺƕƕ	Ƽ	Əĺƕѵ ƕņѶ	ŐѶƕĺƔѷő ƓņѶ	ŐƔƏѷő ƐƐņƐƕ	ŐѵƓĺƕѷő

Inherit	Őn	Ʒ	ƕő ƑĺƔƓ	Ƽ	ƏĺѶƑ Ɣņƕ	ŐƕƐĺƓѷő Ɠņƕ	ŐƔƕĺƐѷő ƓņƐƑ	Őƒƒĺƒѷő

Staging	Őn	Ʒ	ѵő ƏĺƕƔ	Ƽ	ƏĺѶѶ Ɛņѵ	ŐƐѵĺƕѷő Əņѵ	ŐƏѷő ƏņƏ	ŐƏѷő

Mean ƑĺƐƐ	Ƽ	ƏĺƓƖ ƐƒņƑƐ	ŐѵƐĺƖѷő ѶņƑƐ	ŐƒѶĺƐѷő ƐƔņƑƖ	ŐƔƐĺƕѷő

F IGURE  ƒՊChanges in model 

predicted	means	ŐƼ	SEő	of	Őaő	territory	
quaѴityķ	Őbő	number	of	subordinates	and	
Őcő	the	probabiѴity	of	having	a	sameŊ	sex	
subordinateķ	between	the	nataѴ	ŐcircѴeső	
and	dispersaѴ	territory	ŐtriangѴeső	for	
subordinates that moved to a dominant 

position	Őn	Ʒ	ƓƏѵőķ	a	nonŊ	nataѴ	subordinate	
position	Őn	Ʒ	Ƒƒő	or	that	obtained	a	
territory	after	fѴoating	Őn	Ʒ	ƑƐőĺ	SimiѴar	
to	thatķ	in	Ődőķ	the	age	of	the	sameŊ	sex	
dominant	breeder	in	the	nataѴ	Őn	Ʒ	ƑƐő	
and	dispersaѴ	Őn	Ʒ	Ƒƒő	territory	are	givenĺ	
Asterisks	indicate	significance	of	sѴopes	
Őnsķ	not	significantķ	nsŖp	ƺ	ƏĺƐƏķ	Ŗp	ƺ	ƏĺƏƔķ	
ŖŖŖp	ƺ	ƏĺƏƏƐő
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ŐRidѴey	et	aѴĺķ	ƑƏƏѶőĺ	That	fѴoating	and	becoming	a	nonŊ	nataѴ	subordiŊ
nate are two different strategies in the Seychelles warbler is further 

supported	by	fѴoaters	dispersing	further	than	subordinate	betweenŊ	
group	 dispersers	 ŐTabѴe	Ɛőĺ	 This	 suggests	 that	 betweenŊ	group	
dispersers	are	unѴikeѴy	to	have	fѴoated	before	they	join	another	terŊ
ritory as a subordinate. Females are also more likely than males to 

prospect	as	a	subordinate	ŐKingmaķ	Bebbingtonķ	et	aѴĺķ	ƑƏƐѵőķ	which	
might	 aѴѴow	 them	 to	 expѴore	 opportunities	 to	 join	 a	 territory	 as	 a	
nonŊ	nataѴ	 subordinate	 in	 the	 futureĺ	 Recent	 theoreticaѴ	 work	 has	
shown	thatķ	under	intense	competition	for	breeding	vacanciesķ	both	
strategies	Őiĺeĺķ	obtaining	a	dominant	positionķ	or	joining	a	nonŊ	nataѴ	
groupő	can	emerge	and	coexist	in	the	same	popuѴation	ŐPortķ	SchুѴkeķ	
ş	Ostnerķ	ƑƏƐƕőĺ

Our	 resuѴts	 show	 that	 subordinates	 did	 not	 join	 other	 groups	
to	access	a	territory	of	higher	quaѴityķ	reduce	competition	for	food	
Őiĺeĺķ	 group	 sizeő	 or	 improve	 the	 chances	 of	 territory	 inheritance	
ŐFigure	Ƒőĺ	Howeverķ	subordinates	that	moved	to	a	dominant	position	
directѴy	obtained	Ѵower	quaѴity	territories	than	their	nataѴ	territory	
ŐFigure	ƒaőķ	which	 couѴd	be	partѴy	 due	 to	newѴy	 formed	 territories	
Őeĺgĺķ	by	buddingő	being	smaѴѴer	than	territories	that	have	been	abѴe	to	
expand	over	severaѴ	years	ŐKomdeur	ş	EdeѴaarķ	ƑƏƏƐőĺ	Subordinates	
were, on average, related to the dominant male and female in their 

nataѴ	groupķ	thus	abѴe	to	obtain	indirect	genetic	benefitsĺ	DominantŊ	
subordinate	 reѴatedness	 estimates	 were	 Ѵower	 than	 predicted	 for	
parentŋoffspring	 dyads	 ŐR	ƹ	ƏĺƔő	 and	 differed	 between	 breeding	
maѴes	and	breeding	femaѴes	due	to	frequent	extraŊ	group	paternity	
and	 subordinate	 cobreeding	 ŐRichardson	 et	aѴĺķ	 ƑƏƏƑőĺ	 BetweenŊ	
group	dispersers	subsequentѴy	moved	into	unreѴated	groupsķ	which	
excѴudes	 the	possibiѴity	 that	 subordinates	accrue	benefits	 through	
nepotism	or	reѴatedness	by	dispersingķ	but	Ѵeaves	the	possibiѴity	that	
subordinate females are allowed to join and cobreed in these terriŊ
toriesķ	because	they	are	unreѴatedĺ	Howeverķ	previous	work	on	the	
Seychelles warbler did not find any evidence for inbreeding avoidŊ
ance	when	finding	a	mate	ŐEikenaarķ	Komdeurķ	ş	Richardsonķ	ƑƏƏѶőķ	
and	unreѴated	femaѴe	subordinates	are	not	more	ѴikeѴy	to	reproduceķ	

than	reѴated	femaѴes	ŐRichardson	et	aѴĺķ	ƑƏƏƑőĺ	In	consequenceķ	nonŊ	
natal subordinates do not gain any of the social or ecological benefits 

that we have analysed here relative to their natal territories, but do 

gain	other	Őreproductiveő	benefitsķ	which	we	discuss	nextĺ

ƓĺƒՊ|ՊSurvivaѴ and reproductive benefits of 
betweenŊ group dispersaѴ

For	femaѴesķ	aѴѴ	dispersaѴ	strategies	have	the	same	high	ѴeveѴ	of	surŊ
vivaѴ	 ŐFigure	Ɠaőĺ	 Howeverķ	 simiѴar	 to	 what	 was	 found	 in	 Kingmaķ	
Bebbingtonķ	et	aѴĺ	ŐƑƏƐѵő	and	Kingma	et	aѴĺ	ŐƑƏƐƕőķ	maѴe	fѴoaters	sufŊ
fer	higher	mortaѴity	when	fѴoating	compared	to	maѴe	dispersers	that	
obtain	a	dominant	position	directѴyĺ	DifferentiaѴ	survivaѴ	for	maѴe	and	
female floaters suggests that being associated with a territory has 

important	survivaѴ	benefits	for	maѴesķ	but	not	for	femaѴesĺ	MaѴe	subŊ
ordinatesķ	howeverķ	seѴdom	join	nonŊ	nataѴ	territories	as	a	subordinate	
and	 never	 reproduce	when	 they	 do	 ŐTabѴe	Ƒőĺ	One	 expѴanation	 for	
this	pattern	is	that	femaѴes	are	toѴerated	in	or	around	other	territories	
much	more	than	maѴesĺ	This	is	aѴso	supported	by	our	previous	findŊ
ing	that	maѴes	are	more	ѴikeѴy	to	be	attacked	by	conspecifics	when	
intruding	into	territories	than	femaѴes	ŐKingma	et	aѴĺķ	ƑƏƐƕőĺ	This	patŊ
tern	of	femaѴe	acceptance	vsĺ	aggression	towards	maѴes	concurs	with	
what we know of the Seychelles warbler, where there can be clear 

benefits	of	femaѴe	cobreedingķ	but	dominant	maѴes	frequentѴy	 Ѵose	
paternity	to	maѴes	from	other	territories	ŐRichardson	et	aѴĺķ	ƑƏƏƐőĺ

Our	resuѴts	show	that	femaѴe	subordinates	were	responsibѴe	for	
ƔƑѷ	of	aѴѴ	offspring	produced	in	their	nonŊ	nataѴ	territories	ŐTabѴe	Ƒőķ	
simiѴar	 to	 the	 Ɠƕѷ	 gained	 by	 aѴѴ	 femaѴe	 subordinates	 reported	 in	
another	study	 ŐRichardson	et	aѴĺķ	ƑƏƏƑőĺ	Howeverķ	nonŊ	nataѴ	suborŊ
dinate	 femaѴes	had	a	higher	 ѴikeѴihood	of	 inheriting	 their	nonŊ	nataѴ	
territory	than	was	previousѴy	reported	for	nataѴ	subordinates	 Őƒƒѷ	
of	 nonŊ	nataѴ	 subordinates	 inherited	 the	 territory	 vsĺ	 Ƒѷ	 of	 nataѴ	
subordinates	 ŐEikenaarķ	 Richardsonķ	 Brouwerķ	 BristoѴķ	 ş	 Komdeurķ	
ƑƏƏѶőĺ	As	a	resuѴtķ	femaѴes	that	dispersed	to	a	nonŊ	nataѴ	subordinate	
position	had	higher	Ѵifetime	reproductive	success	than	femaѴes	that	

F IGURE  ƓՊ In	Őaőķ	the	modeѴ	predicted	mean	probabiѴities	ŐƼ	SEő	that	dispersing	subordinate	femaѴes	and	maѴes	survive	to	the	next	
breeding	season	depending	on	their	position	after	dispersaѴ	ŐDom	Ʒ	dominantķ	Sub	Ʒ	subordinate	and	FѴoat	Ʒ	fѴoaterőĺ	OnѴy	two	maѴes	joined	
another	group	as	a	nonŊ	nataѴ	subordinateķ	which	was	too	smaѴѴ	a	sampѴe	size	to	anaѴyse	and	was	therefore	excѴudedĺ	In	Őbőķ	the	predicted	
mean	Ѵifetime	reproduction	Őnumber	of	offspring	produced	that	survived	ƻƔ	monthsĸ	open	circѴesĸ	Ѵeft	axiső	ŐƼ	ƖƔѷ	CIő	and	distribution	of	
the	raw	data	Őmedianķ	interquartiѴe	range	and	densityĸ	right	axiső	of	aѴѴ	femaѴes	with	compѴete	reproductive	historiesĺ	Asterisks	indicate	
significant differences according to Bayes factors
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fѴoated	 first	 ŐFigure	Ɠbĸ	 ƐĺƖѶ	 vsĺ	 ƏĺƕƖ	 offspringķ	 respectiveѴyőĺ	 We	
can	specuѴate	about	severaѴ	possibѴe	expѴanationsĹ	 ŐƐő	 femaѴes	 that	
join	as	subordinates	move	to	higher	quaѴity	territories	than	fѴoaters	
ŐFigure	ƒaőĸ	 ŐƑő	 these	 femaѴes	 couѴd	potentiaѴѴy	breed	directѴy	 after	
dispersaѴ	as	cobreeding	subordinates	ŐwhiѴe	fѴoaters	Ѵost	time	in	the	
process	of	 fѴoatingőĺ	WhiѴe	 the	direct	 Ѵifetime	reproductive	success	
of	 femaѴe	 betweenŊ	group	 dispersers	 seems	 to	 be	 equaѴ	 to	 that	 of	
femaѴes	that	disperse	directѴy	 to	a	dominant	positionķ	we	have	not	
taken	into	account	any	potentiaѴ	indirect	benefits	that	couѴd	be	acŊ
crued by natal subordinates. Although indirect fitness benefits are 

reѴativeѴy	Ѵow	in	the	SeycheѴѴes	warbѴer	ŐRichardson	et	aѴĺķ	ƑƏƏƑőķ	they	
might	give	an	advantage	 to	nataѴ	phiѴopatry	over	becoming	a	nonŊ	
natal subordinate.

ƓĺƓՊ|ՊWhy do dominants accept nonŊ nataѴ 
subordinates?

An	important	finding	of	our	study	is	that	dispersaѴ	to	a	nonŊ	nataѴ	
subordinate	position	is	strongѴy	femaѴe	biasedĺ	A	possibѴe	expѴanaŊ
tion for this could be the benefits that both the immigrant female 

and the original members of the new territory can obtain from 

another	 femaѴe	 joining	the	groupĺ	 Incubation	by	subordinate	feŊ
maѴes	ŐmaѴes	do	not	incubateő	is	common	in	the	SeycheѴѴes	warbѴer	
ŐRichardson	 et	aѴĺķ	 ƑƏƏƐő	 and	 reduces	 nest	 predation	 ŐKomdeurķ	
ƐƖƖƓĸ	Kingma	et	aѴĺķ	in	prepőĺ	In	additionķ	dominant	maѴes	may	sire	
additionaѴ	 offspring	with	 cobreeding	 femaѴes	 ŐRichardson	 et	aѴĺķ	
ƑƏƏƐķ	ƑƏƏƑőĺ	 In	most	species	where	subordinates	 join	unreѴated	
groupsķ	 immigrants	 tend	to	be	maѴes	 that	seek	copuѴations	with	
resident	 femaѴesķ	 or	wait	 to	 inherit	 the	breeding	position	 in	 exŊ
change	 for	heѴp	 Őeĺgĺķ	Reyerķ	ƐƖѶƑĸ	Seddon	et	aѴĺķ	ƑƏƏƔĸ	see	aѴso	
RiehѴķ	ƑƏƐƒőĺ	In	the	SeycheѴѴes	warbѴerķ	subordinate	maѴes	provide	
onѴy	Ѵimited	heѴp	and	couѴd	potentiaѴѴy	threaten	the	reproduction	
and	position	of	the	dominant	maѴeĺ	Subordinate	maѴes	may	thereŊ
fore	 be	 prevented	 from	 joining	 nonŊ	nataѴ	 groupsĺ	 AѴthough	 our	
current framework did not set out to test the reasons why indiŊ
viduaѴs	were	accepted	in	territoriesķ	future	work	shouѴd	incorpoŊ
rate ecological and social factors that would increase the benefits 

groups	 couѴd	 obtain	 from	 accepting	 additionaѴ	 group	membersĺ	
This	 couѴd	 shed	 Ѵight	 on	 the	 question	why	we	do	not	 see	more	
femaѴes	disperse	to	nonŊ	nataѴ	subordinate	positionsĺ

ƔՊ |ՊCONCLUSIONS

Our	resuѴts	shed	Ѵight	on	the	benefits	of	cooperative	breeding	under	
varying social and ecological conditions and show how these can be 

independent	of	benefits	accrued	through	kin	seѴection	and	nepotismĺ	
We	suggest	that	becoming	a	fѴoater	can	be	considered	a	ľѴast	resortĿ	
strategyĺ	InterestingѴyķ	both	fѴoating	and	dispersaѴ	to	a	nonŊ	nataѴ	subŊ
ordinate	position	seem	to	be	driven	by	constraints	on	the	timing	and	
destination	of	dispersaѴķ	such	as	increased	competition	for	breeding	
positions	 and	potentiaѴ	 eviction	 from	 the	nataѴ	 territoryĺ	Howeverķ	
some	dispersing	femaѴes	are	abѴe	to	join	other	territories	and	cobreed	

with	the	dominant	pairķ	and	many	of	 these	femaѴes	 inherit	 the	terŊ
ritoryĺ	This	 resuѴts	 in	dispersaѴ	 to	 a	nonŊ	nataѴ	 subordinate	position	
Ѵeading	to	higher	Ѵifetime	reproductive	success	compared	to	fѴoating	
and	simiѴar	to	subordinates	that	disperse	to	a	dominant	positionĺ
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