
This is a repository copy of Sex-biased breeding dispersal is predicted by social 
environment in birds.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/135373/

Version: Published Version

Article:

Vegvari, Z., Katona, G., Vagi, B. et al. (4 more authors) (2018) Sex-biased breeding 
dispersal is predicted by social environment in birds. Ecology and Evolution, 8 (13). pp. 
6483-6491. ISSN 2045-7758 

https://doi.org/10.1002/ece3.4095

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/


Ecology and Evolution. 2018;8:6483�6491.	 		 	Պ|Պ	6483www.ecolevol.org

ƐՊ |ՊINTRODUC TION

Dispersal is an essential part of life history in many organisms that 

has knock- on consequences for demography, ecology, and behavior. 

By moving from one area to another, dispersal also influences meta- 

population dynamics and gene flow and thus has implications for 

diversification rates and responses of animals to environmental 

changes by shifting their geographic ranges (Bowler & Benton, 2005; 
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Abstract
SexŊ	biased	dispersaѴ	 is	common	 in	vertebratesķ	aѴthough	the	ecoѴogicaѴ	and	evoѴu-

tionary	causes	of	sex	differences	in	dispersaѴ	are	debatedĺ	Hereķ	we	investigate	sex	
differences in both natal and breeding dispersal distances using a large dataset on 

birds including 86 species from 41 families. Using phylogenetic comparative analyses, 

we	investigate	whether	sexŊ	biased	nataѴ	and	breeding	dispersaѴ	are	associated	with	
sexuaѴ	seѴectionķ	parentaѴ	sex	roѴesķ	aduѴt	sex	ratio	ŐASRőķ	or	aduѴt	mortaѴityĺ	We	show	
that	neither	the	intensity	of	sexuaѴ	seѴectionķ	nor	the	extent	of	sex	bias	in	parentaѴ	
care	was	associated	with	sexŊ	biased	nataѴ	or	breeding	dispersaѴĺ	Howeverķ	breeding	
dispersaѴ	was	reѴated	to	the	sociaѴ	environment	since	maѴeŊbiased	ASRs	were	associ-
ated	with	femaѴeŊbiased	breeding	dispersaѴĺ	MaѴeŊ	biased	ASRs	were	associated	with	
femaѴeŊ	biased	breeding	dispersaѴĺ	 Sex	bias	 in	 aduѴt	mortaѴity	was	not	 consistentѴy	
reѴated	to	sexŊ	biased	breeding	dispersaѴĺ	These	resuѴts	may	indicate	that	the	rare	sex	
has a stronger tendency to disperse in order to find new mating opportunities. 

AѴternativeѴyķ	higher	mortaѴity	of	the	more	dispersive	sex	couѴd	account	for	biased	
ASRsķ	aѴthough	our	resuѴts	do	not	give	a	strong	support	to	this	expѴanationĺ	Whichever	
is the case, our findings improve our understanding of the causes and consequences 

of	sexŊ	biased	dispersaѴĺ	Since	the	direction	of	causaѴity	is	not	yet	knownķ	we	caѴѴ	for	
future studies to identify the causal relationships linking mortality, dispersal, and 

ASRĺ

K E Y W O R D S

aduѴt	sex	ratioķ	comparative	anaѴysisķ	mortaѴityķ	nataѴ	dispersaѴķ	sex	roѴeķ	sexuaѴ	seѴection

www.ecolevol.org
http://orcid.org/0000-0002-2804-9282
http://creativecommons.org/licenses/by/4.0/
mailto:vegvari@hnp.hu


ѵƓѶƓՊ |Պ ՊՍ VÉGVÁRI ET AL.

CѴobertķ	ƑƏƐƑĸ	CѴobertķ	Danchinķ	Dhondtķ	ş	NichoѴsķ	ƑƏƏƐĸ	MoraѴes	
et	aѴĺķ	ƑƏƐƏőĺ

The costs and the benefits of dispersal may differ between the 

sexes	 due	 to	 differences	 in	 ecoѴogyķ	 behaviorķ	 and	 physioѴogy	 be-

tween	maѴes	and	 femaѴesĺ	Thereforeķ	 the	 frequency	and	extent	of	
dispersaѴ	 movements	 tend	 to	 be	 sexŊ	biased	 ŐCѴobert	 et	aѴĺķ	 ƑƏƏƐőĺ	
Indeedķ	sexŊ	biased	dispersaѴ	has	been	documented	for	severaѴ	taxa	
including invertebrates, reptiles, birds, and mammals (Clobert et al., 

ƑƏƏƐĸ	Greenwoodķ	ƐƖѶƏĸ	Trochet	et	aѴĺķ	ƑƏƐѵőķ	aѴthough	 its	under-
lying ecological and evolutionary causes and consequences are still 

poorѴy	knownĺ	For	 instanceķ	 in	birdsķ	 femaѴes	 tend	to	disperse	far-
ther than males, whereas in mammals, the reverse appears to be the 

case	 ŐGreenwoodķ	 ƐƖѶƏĸ	 CѴarkeķ	 Sætherķ	 ş	 Røskaftķ	 ƐƖƖƕĸ	Mabryķ	
SheѴѴeyķ	Davisķ	BѴumsteinķ	ş	Van	Vurenķ	ƑƏƐƒĺő

In understanding the ecology and evolution of dispersal, it is im-

portant	to	distinguish	between	two	distinct	types	of	dispersaѴĺ	Firstķ	
natal dispersal occurs when individuals settle their own home range 

before their first breeding (i.e., when they move from their natal area 

to	 their	 future	 breeding	 areaőĺ	 Secondķ	 breeding	 dispersaѴ	 occurs	
when individuals move from their former breeding area to a new 

breeding site. Since natal and breeding dispersal are likely driven by 

different	bioѴogicaѴ	mechanisms	ŐCѴobertķ	ƑƏƐƑőķ	sex	biases	in	these	
dispersal types may also be related to different ecological and/or 

evolutionary factors.

SexŊ	biased	nataѴ	and	breeding	dispersaѴ	may	deveѴop	for	severaѴ	
reasonsĺ	Firstķ	sexŊ	biased	dispersaѴ	can	evoѴve	in	response	to	sexuaѴ	
seѴection	 because	 sex	 differences	 in	 reproductive	 behavior	might	
Ѵead	 to	 sex	 differences	 of	 spatiaѴ	 distribution	 ŐGreenwoodķ	 ƐƖѶƏĸ	
Puseyķ	ƐƖѶƕőĺ	Thusķ	the	more	poѴygamous	sex	is	expected	to	disperse	
farther	because	members	of	that	sex	may	experience	strong	intra-

sexuaѴ	competition	and	shouѴd	move	Ѵong	distances	to	find	new	mat-
ing partners (Emlen & Oring, 1977; Jackson et al., 2017; Kempenaers 

ş	VaѴcuķ	 ƑƏƐƕĸ	 Trochet	 et	aѴĺķ	 ƑƏƐѵőĺ	Howeverķ	 comparative	 anaѴy-

ses	 of	 the	 reѴationship	 between	 the	magnitude	 of	 sex	 differences	
in dispersal and mating systems performed so far failed to support 

this	hypothesis	ŐCѴarke	et	aѴĺķ	ƐƖƖƕĸ	Mabry	et	aѴĺķ	ƑƏƐƒĸ	Trochet	et	aѴĺķ	
ƑƏƐѵőĺ	 In	additionķ	since	the	 intensity	of	sexuaѴ	seѴection	 is	usuaѴѴy	
associated	positiveѴy	with	sexuaѴ	size	dimorphism	ŐSSDőķ	pѴumage	di-
morphism	andņor	different	extent	of	maѴe	vsĺ	femaѴe	parentaѴ	care	
Őeĺgĺķ	Andersson	ƐƖƖƓőķ	the	magnitude	of	sex	differences	in	dispersaѴ	
should also be positively related to SSD, plumage dimorphism, and 

the	amount	of	maѴe	care	reѴative	to	femaѴe	careĺ	AѴthough	sexŊ	biased	
dispersaѴ	can	be	reѴated	to	severaѴ	of	the	above	components	of	sex-
ual selection, previous studies have mainly focused on mating sys-

tem	and	SSD	Őeĺgĺķ	Mabry	et	aѴĺķ	ƑƏƐƒőĺ
Secondķ	the	sociaѴ	environment	may	aѴso	induce	sexŊ	biased	dis-

persaѴĺ	In	species	with	biased	aduѴt	sex	ratio	ŐASRőķ	members	of	the	
more	common	sex	shouѴd	seek	out	new	breeding	sites	to	avoid	ѴocaѴ	
resource	or	mate	competitionĺ	Furthermoreķ	dispersaѴ	can	be	costѴy	
in	terms	of	survivaѴĺ	For	instanceķ	individuaѴs	of	the	more	dispersive	
sex	have	been	reported	to	suffer	from	higher	predation	rates	than	
those	of	the	Ѵess	dispersive	sex	Őeĺgĺķ	Steifetten	ş	DaѴeķ	ƑƏƐƑőĺ	Such	
mortaѴity	effects	of	sexŊ	specific	dispersaѴ	may	in	turn	infѴuence	ASRĺ	

AѴthough	previous	studies	suggest	that	biased	ASRs	are	associated	
with	 sexŊ	biased	 aduѴt	mortaѴity	 ŐSz࣐keѴyķ	 Likerķ	 FreckѴetonķ	 FichteѴķ	
ş	KappeѴerķ	 ƑƏƐƓaőķ	 the	 reѴationship	between	ASR	 and	 sexŊ	biased	
dispersaѴ	 is	 poorѴy	 known	 Őbut	 see	PipoѴy	 et	aѴĺ	 ŐƑƏƐƔő	 for	preѴimi-
nary	anaѴysesőĺ	The	compѴexity	of	this	reѴationship	was	iѴѴustrated	by	
a	study	of	butterfѴies	showing	that	interŊ		and	intrasexuaѴ	aggression	
induced	higher	dispersaѴ	rates	of	both	sexes	from	popuѴations	where	
the	proportion	of	maѴes	was	experimentaѴѴy	increased	ŐTrochet	et	aѴĺķ	
ƑƏƐƒő

Thirdķ	sexŊ	biased	nataѴ	dispersaѴ	is	often	thought	as	a	mechanism	
to avoid inbreeding depression. If one gender disperses further than 

the other, the chances of close relatives breeding together and suf-

fering	the	costs	of	inbreeding	are	reduced	ŐAuѴd	ş	de	Casasķ	ƑƏƐƒĸ	
CѴuttonŊ	Brockķ	ƑƏƐѵőĺ	For	exampѴeķ	higher	 inbreeding	resuѴts	 in	an	
increase in homozygosity, which is associated with fitness loss and 

with inbreeding depression in normally outbred populations (Pusey, 

ƐƖѶƕőĺ	Howeverķ	 recent	 investigations	 onѴy	 reported	weak	 effects	
of	 inbreeding	 avoidance	 on	 the	 direction	 of	 sexŊ	biased	 dispersaѴ	
ŐGuiѴѴaume	ş	Perrinķ	ƑƏƏƖĸ	Trochet	et	aѴĺķ	ƑƏƐѵőĺ

We investigated here the first two of the above hypotheses, 

nameѴy	 the	potentiaѴ	 infѴuence	of	 the	 intensity	of	 sexuaѴ	 seѴection	
and	of	the	sociaѴ	environment	on	the	magnitude	of	sexŊ	biased	nataѴ	
and breeding dispersal (defined here as the difference between male 

and	femaѴe	dispersaѴ	distancesőķ	across	Ѷѵ	bird	species	from	ƓƐ	avian	
famiѴiesĺ	AѴthough	some	comparative	studies	of	avian	dispersaѴ	have	
been previously performed, they were either qualitative (Clarke 

et	aѴĺķ	ƐƖƖƕĸ	Greenwoodķ	ƐƖѶƏő	or	did	not	distinguish	between	nataѴ	
and	breeding	dispersaѴ	ŐMabry	et	aѴĺķ	ƑƏƐƒĸ	Trochet	et	aѴĺķ	ƑƏƐѵőĺ	We	
aim to fill this knowledge gap by specifically testing whether the 

magnitude	and	 the	direction	of	 sexŊ	biased	nataѴ	 and	breeding	dis-
persaѴ	in	birds	are	positiveѴy	associated	with	the	intensity	of	sexuaѴ	
selection (using several metrics including social mating system, fre-

quency	of	extraŊ	pair	paternity	ŐEPPőķ	SSDķ	and	pѴumage	coѴorationő	
and	with	the	amount	of	sex	differences	in	parentaѴ	careĺ	In	additionķ	
we	test	whether	sex	differences	 in	dispersaѴ	are	reѴated	to	the	so-

ciaѴ	environment	Őusing	ASR	as	a	proxyőĺ	This	Ѵatter	reѴationship	may	
invoѴve	either	the	 infѴuence	of	ASR	on	dispersaѴ	 Őiĺeĺķ	 individuaѴs	of	
the	more	common	sex	shouѴd	seek	out	new	breeding	sites	to	avoid	
intraspecific	competitionő	or	the	existence	of	dispersaѴ	costs	in	terms	
of	mortaѴity	Őiĺeĺķ	the	farther	dispersing	sex	shouѴd	suffer	from	higher	
mortaѴityķ	which	shouѴd	Ѵead	to	biased	ASRőĺ

ƑՊ |ՊMATERIAL S AND METHODS

ƑĺƐՊ|ՊSexŊ specific nataѴ and breeding dispersaѴ 
distances

We	 coѴѴected	 sexŊ	specific	 dispersaѴ	 data	 Őboth	 from	 census	 and	
captureŋrecapture	 studieső	 by	 searching	 primary	 pubѴications	
in peer- reviewed journals and books and also by tracking back 

references cited by previous reviews and phylogenetic analyses 

ŐMabry	 et	aѴĺķ	 ƑƏƐƒĸ	 Trochet	 et	aѴĺķ	 ƑƏƐѵĸ	 for	 further	 detaiѴsķ	 see	
Appendices	 SƐŋSƒőĺ	 FoѴѴowing	 CѴobert	 ŐƑƏƐƑőķ	 we	 defined	 nataѴ	
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dispersal distance as the average movement of individuals from 

their birth site to the site of reproduction. Breeding dispersal 

distance was defined as the average movement of individuals be-

tween successive sites of reproduction. Both dispersal distances 

were measured in kilometers.

We	extracted	data	 on	mean	dispersaѴ	 distances	 separateѴy	 for	
each	 sex	 and	 defined	 dispersaѴ	 sex	 bias	 as	 ѴogŐmaѴe	 dispersaѴ	 dis-
tanceő	 ŋ	 ѴogŐfemaѴe	 dispersaѴ	 distanceőĺ	 We	 caѴcuѴated	 these	 sex	
biases separately for natal and breeding dispersal, and we termed 

these	variabѴes	 ľnataѴ	dispersaѴ	biasĿ	and	ľbreeding	dispersaѴ	biasķĿ	
respectiveѴyĺ	MaѴe	and	femaѴe	dispersaѴ	data	were	onѴy	used	if	they	
were	estimated	from	the	same	popuѴationĺ	If	sexŊ	specific	estimates	
were available for several populations within a given species (see 

Appendix	 SƐőķ	 we	 used	 the	 unweighted	 means	 of	 aѴѴ	 popuѴationsķ	
since for other variables of interest we only had species- level infor-

mation. In total, we obtained data on natal dispersal for 64 species 

from 32 avian families and on breeding dispersal for 41 species from 

ƑѶ	famiѴiesĺ	We	did	not	retain	quaѴitative	statements	such	as	ľmaѴes	
disperse	further	than	femaѴesĿ	in	our	anaѴysis	ŐAppendix	Sƒőĺ

We looked for the consistency between our dataset and those 

coѴѴected	by	Mabry	 et	aѴĺ	 ŐƑƏƐƒő	 and	Trochet	 et	aѴĺ	 ŐƑƏƐѵő	who	 re-

ported	 information	 on	 Ɣѵ	 and	 Ɠѵ	 sexŊ	specific	 dispersaѴ	 distances	
in	 birdsķ	 respectiveѴyĺ	 Note	 that	 neither	 Mabry	 et	aѴĺ	 ŐƑƏƐƒő	 nor	
Trochet	et	aѴĺ	ŐƑƏƐѵő	distinguished	between	nataѴ	and	breeding	dis-
persal. Nonetheless, the three datasets are correlated, as shown 

by Pearson�s correlation coefficients between our log- transformed 

metrics of dispersal bias and the log- transformed metrics of disper-

saѴ	bias	used	by	Mabry	et	aѴĺ	ŐƑƏƐƒő	and	Trochet	et	aѴĺ	ŐƑƏƐѵő	Őr = .507 

and .999, p < .001 and p < .0001, N = 21 and 35 species for natal and 

breeding	dispersaѴķ	respectiveѴyőĺ

ƑĺƑՊ|ՊPredictors of sexŊ biased dispersaѴ

We	defined	different	metrics	of	sexuaѴ	seѴection	incѴudingĹ

Ɛĺ The social mating system bias, measured as male minus female 

scores for the degree of social polygamy, where we defined 

the	 scores	 for	 each	 sex	 on	 a	 scaѴe	 ranging	 between	 Ə	 and	 Ɠķ	
where	 zero	 corresponds	 to	 no	 Őor	 very	 rareő	 sociaѴ	 poѴygamy	
ŐƺƏĺƐѷ	 of	 individuaѴsőķ	 Ɛ	 to	 rare	 poѴygamy	 ŐƏĺƐŋƐѷőķ	 Ƒ	 to	 un-

common	 poѴygamy	 ŐƐŋƔѷőķ	 ƒ	 to	 moderate	 poѴygamy	 ŐƔŋƑƏѷőķ	
and 4 to common polygamy (>20%; including males in lekking 

species	 to	 express	 the	 high	 variance	 in	 maѴe	 mating	 success	
in	 these	 speciesĸ	 Likerķ	 FreckѴetonķ	 Reme঍ķ	 ş	 Sz࣐keѴyķ	 ƑƏƐƔőĺ	
Thus, a positive value in mating system bias means higher 

frequency of male social polygamy relative to the frequency 

of female polygamy,

Ƒĺ The	proportion	of	broods	containing	extraŊpair	offspringķ
ƒĺ ReѴative	testes	massķ	caѴcuѴated	as	ѴogŐtestis	masső	ŋ	ƏĺѵƕŖѴogŐmaѴe	

massőķ	where	Əĺѵƕ	is	the	aѴѴometric	exponent	estimated	by	MøѴѴer	
ŐƐƖƖƐő	from	a	Ѵarge	range	of	bird	speciesķ

Ɠĺ SSDķ	expressed	as	ѴogŐmaѴe	masső	ŋ	ѴogŐfemaѴe	masső	when	assum-

ing an isometric relationship between male and female mass,

Ɣĺ The degree of dichromatism, calculated using the scoring system 

based	on	Owens	and	HartѴey	ŐƐƖƖѶőķ	using	the	foѴѴowing	ruѴesĺ	Each	
species was split into five main body regions (head; nape, back, and 

rumpĸ	throatķ	chestķ	and	beѴѴyĸ	taiѴĸ	and	wingsőķ	shortѴy	referred	to	as	
head, back, belly, tail, and wings, respectively. The score used 

ranged	between	ƴƑ	and	Ƒķ	where	ƴƑ	means	that	femaѴes	are	sub-

stantiaѴѴy	 brighter	 andņor	more	 patterned	 than	maѴesĸ	 ƴƐ	means	
that females are brighter and/or more patterned than males; 0 

means that there is no difference in the body region or the differ-

ence	is	too	tiny	to	assess	that	one	sex	is	brighter	than	the	otherĸ	Ɛ	
means that males are brighter and/or more patterned than females; 

and 2 means that males are substantially brighter and/or more pat-

terned than females. The mean of these scores was recorded, as 

weѴѴ	as	an	overaѴѴ	scoreķ	which	was	the	sum	of	aѴѴ	the	scoresĺ	A	sin-

gle observer scored the ornamentation of all species using the il-

lustrations from del Hoyo, Elliott, Sargatal, Christie, and de Juana 

ŐƑƏƐѵőĺ	The	repeatabiѴity	of	the	scoring	was	estimated	by	the	same	
observer blind to species ID. The two scorings yielded high consist-

ency	of	measurements	ŐminimaѴ	and	maximaѴ	vaѴues	of	Spearman	
rank correlation: ρmin = 0.794, ρmax = 1.000, p	ƺ	ĺƏƏƏƐ	for	aѴѴ	casesőĺ

To	estimate	sex	bias	in	parentaѴ	careķ	we	scored	the	reѴative	partici-
pation	of	the	sexes	in	each	of	six	care	componentsĹ	nest	buiѴdingķ	incu-

bation, nest guarding, brooding, chick feeding, and chick guarding prior 

to the fledging of the chicks. We used a 5- point scale, with positive 

scores meaning more male than female care and negative scores mean-

ing	more	femaѴe	than	maѴe	care	ŐƴƐĹ	no	maѴe	careķ	ƴƏĺƔĹ	Ɛŋƒƒѷ	maѴe	
careķ	ƏĹ	ƒƓŋѵѵѷ	maѴe	care	Œiĺeĺķ	equaѴ	or	simiѴar	care	by	the	sexesœķ	ƏĺƔĹ	
ѵƕŋƖƖѷ	maѴe	careķ	ƐĹ	ƐƏƏѷ	maѴe	careĸ	Sz࣐keѴy	et	aѴĺķ	ƑƏƐƓaĸ	Liker	et	aѴĺķ	
ƑƏƐƔőĺ	These	scores	were	based	on	quantitative	data	when	avaiѴabѴe	
Őeĺgĺķ	percentage	of	incubation	by	maѴesőķ	or	on	quaѴitative	descriptions	
of care in the data source when quantitative data were not available. 

As	we	did	not	 find	data	 for	 aѴѴ	 care	 components	 for	 aѴѴ	 speciesķ	 the	
actual number of care components on which these mean scores were 

based differed among species. Note that mean scores calculated from 

a given set of care components correlated strongly with mean values of 

other	sets	of	care	components	Ősee	Liker	et	aѴĺķ	ƑƏƐƔ	for	detaiѴsőĺ
AduѴt	 sex	 ratio	was	caѴcuѴated	as	 the	arcsineŊ	transformed	pro-

portion	of	maѴes	 in	 the	aduѴt	popuѴationsĺ	Since	ASR	estimation	 is	
often	errorŊ	prone	ŐSz࣐keѴyķ	Weissingķ	ş	Komdeurķ	ƑƏƐƓbőķ	we	stud-

ied	the	potentiaѴ	confounding	effect	of	the	method	of	ASR	estima-

tion	and	for	this	purpose	ASR	method	was	categorized	as	a	twoŊ	ѴeveѴ	
factor	Őcensus	vsĺ	captureőĺ	As	a	potentiaѴ	driver	of	the	reѴationships	
between	dispersaѴ	sex	bias	and	ASRķ	we	aѴso	coѴѴected	data	on	an-

nuaѴ	aduѴt	mortaѴity	 sex	bias	 that	was	caѴcuѴated	as	 ѴogŐaduѴt	maѴe	
mortaѴityő	 ŋ	 ѴogŐaduѴt	 femaѴe	 mortaѴityő	 ŐSz࣐keѴy	 et	aѴĺķ	 ƑƏƐƓbőĺ	 AѴѴ	
log- transformations applied 10- based logarithmic functions.

ƑĺƒՊ|ՊPhyѴogenetic anaѴyses

To assess whether natal dispersal and/or breeding dispersal differed 

between	sexesķ	we	conducted	phyѴogenetic	paired	t tests. We com-

puted the so- called phylogenetic mean for the difference between 
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two	vaѴues	Őiĺeĺķ	two	sexeső	of	each	species	and	tested	whether	the	
mean	 difference	 was	 statisticaѴѴy	 different	 from	 zero	 ŐLindenforsķ	
ReveѴѴķ	ş	Nunnķ	ƑƏƐƏőĺ	We	used	the	impѴementation	of	this	test	pro-

vided	in	R	package	ľphytooѴsĿ	ŐReveѴѴķ	ƑƏƐƑőĺ
We	used	phyѴogenetic	ѴeastŊ	squares	ŐPGLSő	anaѴysis	to	investigate	

reѴationships	 between	 sexŊ	specific	 nataѴ	 and	 breeding	 dispersaѴ	 as	
weѴѴ	as	predictors	reѴated	to	sexuaѴ	seѴection	and	sociaѴ	environment	
as	 specified	 by	 the	 hypotheses	 ŐFreckѴetonķ	Harveyķ	 ş	 PageѴķ	 ƑƏƏƑĸ	
Martins	ş	Hansenķ	ƐƖƖƕĸ	PageѴķ	ƐƖƖƖőĺ	This	approach	aѴѴows	controѴѴing	
for the nonindependence among species by incorporating a variance�

covariance	matrix	that	represents	their	phyѴogenetic	reѴationshipsĺ	In	aѴѴ	
analyses, we set the phylogenetic signal (λő	to	the	maximumŊ	ѴikeѴihood	
vaѴue	ŐFreckѴeton	et	aѴĺķ	ƑƏƏƑőĺ	To	test	phyѴogenetic	signaѴ	in	the	sign	of	
sexŊ	biased	dispersaѴķ	we	retrieved	the	vaѴues	of	λ	from	PGLS	modeѴs	
and performed D- statistics, a further measure of the strength of phylo-

genetic	signaѴķ	presented	in	Appendix	SƔĺ	D provides a measure of the 

phylogenetic signal in a binary trait, calculated as the sum of changes 

in	estimated	nodaѴ	vaѴues	of	that	trait	aѴong	edges	in	a	phyѴogeny	ŐFritz	
and	Purvisķ	ƑƏƐƏőĺ	SpecificaѴѴyķ	D- test compares the observed D- value 

for a binary trait on a tree to the value of D found using an equal num-

ber	of	 simuѴations	 considering	each	of	 two	modeѴsĹ	 ŐƐő	phyѴogenetic	
randomness, where trait values are randomly permuted among the tips 

of the phylogeny (D	Ʒ	Ɛőķ	and	ŐƑő	Brownian	threshoѴd	modeѴķ	where	a	
continuous trait evolved along the phylogeny following Brownian pro-

cess and then converted to a binary trait using a threshold providing 

the relative prevalence of the observed trait (D	Ʒ	Əőĺ	To	test	whether	
D differed from phylogenetic randomness, we computed p- values for 

D	Ʒ	Ɛ	ŐPƐőĺ	As	a	resuѴtķ	we	detected	onѴy	Ѵow	ѴeveѴs	of	phyѴogenetic	sig-

naѴ	in	the	sign	of	the	sexŊ	specific	dispersaѴķ	shown	both	by	Ѵow	vaѴues	
of λ	and	by	PƐ	ƻ	ĺƏƔƖ	for	aѴѴ	cases	ŐAppendix	SƓőĺ

We tested pairwise relationships between both natal and breeding 

dispersaѴ	biases	Ődependent	variabѴeső	and	each	dispersaѴ	predictor	if	
data	were	avaiѴabѴe	 for	 at	 Ѵeast	ƐƏ	 speciesĺ	 In	 aѴѴ	 these	PGLS	anaѴy-

ses, we ran each model with 100 random phylogenetic trees retrieved 

from BirdTree.org (www.birdtree.org; Jetz, Thomas, Joy, Hartmann, & 

Mooersķ	ƑƏƐƑőĺ	These	composite	timeŊ	caѴibrated	trees	were	pruned	to	
keep only the species used in the analyses (Paradis, Claude, & Strimmer, 

ƑƏƏƓőĺ	We	computed	mean	Ƽ	SE for slopes, where SE- s were computed 

as the square root of the total variance, defined as the sum of the av-

erage parameter variance (V2

1
 = 1/NŖΣ(SE2

i
őő	and	phyѴogenetic	variance	

(V2

2
 = SE(bő2őķ	 caѴcuѴated	 across	 the	 ƐƏƏ	 runsĺ	 We	 retrieved	 p- values 

from the results of the 100 runs and reported SE of the 100 p- values.

Some of the species in our dataset came from hunted popula-

tions, which may influence the dispersal behavior of one or both 

sexesĺ	To	test	the	sensitivity	of	our	resuѴts	to	this	potentiaѴ	effectķ	we	
repeated	aѴѴ	anaѴyses	with	the	excѴusion	of	the	hunted	species	and	
reported the multitree- averaged parameter estimates and adjusted 

R2Ŋ	s	to	assess	the	consistency	of	effect	sizes	ŐAppendix	SƔőĺ
AѴѴ	 PGLS	 anaѴyses	were	 run	with	R	ƒĺƐĺƏ	 ŐR	Core	DeveѴopment	

Team	ƑƏƐƓőķ	using	the	ľcaperĿ	package	ŐOrmeķ	ƑƏƐƒőĺ	SampѴe	sizes	dif-
fered between analyses because for many species data were available 

only for a subset of the variables. The full dataset including the refer-

ences will be made available in an open- access data depository once 

the	manuscript	is	accepted	for	pubѴication	Őwwwĺopenbiomapsĺorgőĺ

ƒՊ |ՊRESULTS

ƒĺƐՊ|ՊSex difference in dispersaѴ

There	was	a	statisticaѴѴy	significant	sex	bias	in	both	nataѴ	and	breeding	
dispersaѴĹ	FemaѴes	dispersed	further	away	than	did	maѴes	ŐphyѴoge-

netic paired t tests, natal dispersal: p	Ʒ	ĺƏƐѵ	Ƽ	ĺƏƏƏƐķ	N = 64 species; 

breeding dispersal: p	Ʒ	ĺƏƐƏ	Ƽ	ĺƏƏƏƐķ	 N	Ʒ	ƓƐ	 speciesķ	 Figure	Ɛaķbőĺ	
InterestingѴyķ	the	sex	biases	in	nataѴ	and	breeding	dispersaѴ	were	not	
reѴated	 to	 each	 other	 ŐPGLSķ	 b	Ʒ	ƏĺƏѵѵ	Ƽ	ƏĺƏƕѵķ	 p	Ʒ	ĺѶƖƔ	Ƽ	ĺƏƏƏƐķ	
N	Ʒ	ƐƖ	speciesĸ	Appendix	Sѵőĺ

ƒĺƑՊ|ՊSexŊ biased dispersaѴ and the intensity of 
sexuaѴ seѴection

Sex	bias	in	either	nataѴ	or	breeding	dispersaѴ	was	not	reѴated	to	any	
metric	measuring	 the	 intensity	of	 sexuaѴ	 seѴection	 ŐTabѴe	Ɛőĺ	 In	ad-

ditionķ	 sexŊ	specific	 parentaѴ	 care	 was	 unreѴated	 to	 either	 nataѴ	 or	
breeding	dispersaѴ	bias	ŐTabѴe	Ɛőĺ

F IGURE  ƐՊDistribution	of	Őaő	nataѴ	and	Őbő	breeding	dispersaѴ	bias	in	birdsķ	caѴcuѴated	as	difference	between	ѴogŊ	transformed	maѴe	and	
femaѴe	dispersaѴ	distances	Őin	kmőĺ	N	Ʒ	ѵƓ	and	ƓƐ	species	in	Őaő	and	Őbőķ	respectiveѴy

http://www.birdtree.org
www.openbiomaps.org
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ƒĺƒՊ|ՊSexŊ biased dispersaѴ and sociaѴ environment

The	sex	bias	in	nataѴ	dispersaѴ	was	not	associated	with	ASR	ŐFigures	Ƒ	
and	 ƒķ	 PGLSķ	 ASRĹ	 b	Ʒ	ƴƒƐĺƕƓƏ	Ƽ	ƑƔĺƑƒƓĸ	 p	Ʒ	ĺƑƑƒ	Ƽ	ĺƏƏƏƐķ	N = 24 

speciesőĺ	Howeverķ	the	sex	bias	in	breeding	dispersaѴ	was	reѴated	to	

ASRĹ	Species	with	maѴeŊ	biased	breeding	dispersaѴ	exhibited	femaѴeŊ	
biased	ASR	ŐFigure	Ƒbķ	PGLSķ	b	Ʒ	ƴѵѶĺƒƕѵ	Ƽ	ƑƕĺƏƖƖĸ	p	Ʒ	ĺƏƓƐ	Ƽ	ĺƏƏƏƐķ	
N	Ʒ	ƐƓ	 speciesőĺ	 AѴthough	 breeding	 dispersaѴ	 bias	 tended	 to	 be	
reѴated	 to	 mortaѴity	 bias	 when	 aѴѴ	 species	 were	 incѴuded	 ŐPGLSķ	
b	Ʒ	ƑĺƏѵƕ	Ƽ	ƐĺƏƒƕķ	p	Ʒ	ĺƏƔƖ	Ƽ	ĺƏƏƑƏķ	N	Ʒ	ƑƔ	 speciesķ	 Figure	ƒbőķ	 the	

TABLE  ƐՊSexŊ	biased	dispersaѴ	Őresponse	variabѴeő	in	birds	in	reѴation	to	the	intensity	of	sexuaѴ	seѴection	and	to	the	sociaѴ	environment	
using	phyѴogenetic	ѴeastŊ	squares	modeѴsĺ	TabѴe	shows	parameter	estimates	caѴcuѴated	using	ƐƏƏ	phyѴogenies	Ősee	Methods	for	further	
expѴanationőĺ	N	refers	to	the	number	of	species

Predictors

NataѴ dispersaѴ bias Breeding dispersaѴ bias

b ± SE p ± SE N b ± SE p ± SE N

SexuaѴ	seѴection

Social mating system ƏĺƏƑѵ	Ƽ	ƏĺƏƕƓ ĺƓƕѵ	Ƽ	ƏĺƏƏƔķ	ƔѶ ƴƏĺƏƐƒ	Ƽ	ƏĺƐƐƓ ĺƕѵƓ	Ƽ	ƏĺƏƐƒķ	ƑѶ

Testis size ƴƏĺƏƕѵ	Ƽ	ƏĺƐƖƐ ĺѵƖƓ	Ƽ	ƏĺƏƏƏƐķ	ƒѵ ƴƏĺƑƖƕ	Ƽ	ƏĺƕƖƐ ĺƏƖƓѶ	Ƽ	ƏĺƏƏƏƐķ	ƑƖ

ExtraŊ	pair	broods ƴƏĺƓƓƒ	Ƽ	ƏĺƓƕƕ ĺƒѵƐ	Ƽ	ƏĺƏƏƓķ	ƒѵ ƏĺƒѶƕ	Ƽ	ƏĺƒƖƕ ĺƔƔƏƑ	Ƽ	ƏĺƏƐķ	Ƒƕ

Parental care ƏĺƏƓƐ	Ƽ	ƏĺƐƐƐ ĺƕƖѶ	Ƽ	ƏĺƏƏƏƐķ	Ɣѵ ƴƏĺƐƔƐ	Ƽ	ƏĺƐѵƖ ĺƑƔѵ	Ƽ	ƏĺƏƏƏƐķ	ƒƏ

SexuaѴ	size	dimorphism ƏĺƓƏƐ	Ƽ	ƐĺƏƏƐ ĺѵƖƒ	Ƽ	ƏĺƏƏƏƐķ	ƔƔ ƏĺƑƒƓ	Ƽ	ƐĺƏƏƖ ĺƔƔƐ	Ƽ	ƏĺƏƏƏƐķ	ƒѶ

SexuaѴ	dichromatism ƏĺƏƒƒ	Ƽ	ƏĺƏѶƕ ĺƕƐƏ	Ƽ	ƏĺƏƏƏƐķ	ƑƔ ƏĺƏƓƔ	Ƽ	ƏĺƏƖƒƑ ĺƔƖƖ	Ƽ	ƏĺƏƏƏƐķ	ƑƑ

Social environment

AduѴt	sex	ratio ƴƒƐĺƕƓƏ	Ƽ	ƑƔĺƑƒƓ ĺƑƑƒ	Ƽ	ƏĺƏƏƏƐķ	ƑƓ ƴѵѶĺƒƕѵ	Ƽ	ƑѶĺƕƐƒ ĺƏƓƐƐ	Ƽ	ƏĺƏƏƏƐķ	ƐƓ

MortaѴity	bias Not tested Not tested ƑĺƏѵƕ	Ƽ	ƏĺƏƒƐ ĺƏƔƖƒ	Ƽ	ƏĺƏƏƑķ	N = 25

F IGURE  ƑՊAduѴt	sex	ratio	in	reѴation	to	
Őaő	nataѴ	dispersaѴ	bias	ŐN	Ʒ	ƑƓ	specieső	and	
Őbő	breeding	dispersaѴ	bias	ŐN	Ʒ	ƐƓ	speciesőĺ	
AduѴt	sex	ratio	Őproportion	of	maѴes	in	the	
popuѴationső	was	arcsineŊ	transformed

F IGURE  ƒՊAduѴt	mortaѴity	bias	in	
reѴation	to	Őaő	nataѴ	dispersaѴ	bias	ŐN = 39 

specieső	and	Őbő	breeding	dispersaѴ	bias	
(N	Ʒ	ƑƔ	speciesőĺ	AduѴt	mortaѴity	bias	is	
calculated as the difference between log- 

transformed male and female mortality 

rates
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removal of an obvious outlier species (Calonectris diomedeaő	 Ѵed	 to	
remove	any	trend	ŐPGLSķ	b	Ʒ	ƐĺƕƒƏ	Ƽ	ƐĺƐƒƖķ	p	Ʒ	ĺƑѵƑ	Ƽ	ĺƏƏƑƏķ	N = 24 

speciesőĺ
We	 further	 investigated	 whether	 the	 method	 of	 ASR	 estima-

tion may influence the relationship between dispersal bias and 

ASRĺ	 Howeverķ	 incѴuding	 ASR	 estimation	 method	 did	 not	 affect	
the	 resuѴtsĺ	 The	 reѴationship	 between	ASR	 and	 breeding	 dispersaѴ	
bias	 remained	statisticaѴѴy	 significant	 ŐPGLSķ	b	Ʒ	ƴѵѶĺƐƓƓ	Ƽ	ƑѶĺƕƐƒķ	
p	Ʒ	ĺƏƒƕ	Ƽ	ĺƏƏƏƐő	 and	 no	 effect	 of	 ASR	 estimation	 method	 was	
detectabѴe	 ŐPGLSķ	 b	Ʒ	ƴƏĺƑƕƑ	Ƽ	ƏĺƐƖƑķ	 p	Ʒ	ĺƐѶƒ	Ƽ	ĺƏƏƏƐķ	 N = 14 

speciesőĺ
FinaѴѴyķ	 the	 excѴusion	 of	 species	 from	 hunted	 popuѴations	 did	

not qualitatively change our results, as shown by effect sizes (mea-

sured by adjusted R2Ŋ	vaѴues	 of	 PGLS	modeѴső	 and	 statisticaѴ	 tests	
ŐAppendix	SƔőĺ

ƓՊ |ՊDISCUSSION

Our	 comparative	 anaѴysesķ	 using	 the	 Ѵargest	 dataset	 of	 sexŊ	biased	
dispersal distances in birds ever compiled, produced two new major 

findingsĺ	Firstķ	whiѴe	we	found	support	for	previous	resuѴts	that	both	
natal and breeding dispersal are female- biased (Greenwood, 1980; 

Mabry	et	aѴĺķ	ƑƏƐƒĸ	Trochet	et	aѴĺķ	ƑƏƐѵőķ	we	provided	evidence	that	
natal and breeding dispersal biases were not related to each other. 

This	impѴies	that	sex	differences	in	these	two	types	of	dispersaѴ	may	
be driven by different biological mechanisms: the primary function 

of natal dispersal is to establish home ranges for all activity types 

and resources, whereas breeding dispersal occurs at substantially 

shorter time scales and focus predominantly on mating opportu-

nitiesĺ	For	exampѴeķ	whiѴe	ASR	 is	 reѴated	to	breeding	dispersaѴķ	we	
did not find evidence for a similar association with natal dispersal 

Ősee	beѴowőĺ	AѴthough	further	studies	are	needed	to	expѴore	why	sex	
differences in these two types of dispersal behavior are decoupled 

from	each	otherķ	 an	 important	 impѴication	 is	 that	 anaѴyses	 of	 sexŊ	
specific dispersal should distinguish between natal and breeding 

dispersal. Pooling them in a single analysis may mask or bias their 

relationships to ecological or life- history variables.

We also reported as a major finding that breeding dispersal�

but	not	nataѴ	dispersaѴŌwas	associated	with	ASRĹ	The	maѴeŊ	bias	in	
breeding dispersal distances increased with increasingly female- 

biased	ASRĺ	This	pattern	is	the	opposite	to	the	expected	increase	
in the intensity of mating competition with the increase of the 

number	of	sameŊ	sex	competitors	Ősee	Section	Ɛőķ	and	the	reason	is	
uncѴearĺ	One	expѴanation	for	this	reѴationship	may	be	that	in	spe-

cies	with	sexŊ	biased	ASRķ	individuaѴs	of	the	Ѵess	common	sex	that	
have a high chance for finding new mates seek out mating oppor-

tunities	more	frequentѴy	than	members	of	the	more	common	sexķ	
resuѴting	in	frequent	movements	by	the	former	sexĺ	Furthermoreķ	
earѴier	 comparative	 anaѴyses	 showed	 that	 in	 birds	 the	 rare	 sex	
tends to provide less parental care than members of the common 

sex	 ŐLikerķ	FreckѴetonķ	ş	Sz࣐keѴyķ	ƑƏƐƒĸ	Liker	et	aѴĺķ	ƑƏƐƔőķ	which	
reduces	ѴocaѴ	mating	opportunity	for	the	rare	sex	after	members	

of	the	common	sex	become	occupied	with	offspring	careĺ	Thusķ	it	
may	be	profitabѴe	for	noncaring	members	of	the	rare	sex	to	seek	
for	 additionaѴ	 mates	 eѴsewhereĺ	 The	 mating	 patterns	 and	 sexŊ	
specific movements of some shorebirds seem to conform to this 

scenarioĺ	For	exampѴeķ	ASR	 is	maѴeŊ	biased	 in	Kentish	and	snowy	
plovers (Charadrius alexandrinus, C. nivosusőķ	maѴes	 typicaѴѴy	 pro-

vide parental care after hatching, and females have more breeding 

opportunities than males (Kosztolányi, Barta, Küpper, & Székely, 

ƑƏƐƐĸ	StenzeѴ	et	aѴĺķ	ƑƏƐƐĸ	Sz࣐keѴy	ş	LesseѴѴsķ	ƐƖƖƒőĺ	In	those	spe-

ciesķ	femaѴes	aѴso	disperse	at	Ѵonger	distances	Őup	to	ƐķƐƓƏ	kmő	be-

tween breeding attempts and more frequently than males (Stenzel 

et	aѴĺķ	ƐƖƖƓőĺ	SimiѴarѴyķ	a	recent	study	of	the	poѴygynous	pectoraѴ	
sandpiper (Calidris melanotoső	 that	 exhibits	 femaѴeŊ	onѴy	 parentaѴ	
care	 showed	 that	maѴes	move	 huge	 distances	 Őup	 to	 ƐƒķƏƓƔ	kmő	
during the breeding season and can sample more than 20 different 

breeding sites when seeking mating opportunities (Kempenaers & 

VaѴcuķ	ƑƏƐƕőĺ	ASR	is	not	known	in	this	Ѵatter	speciesķ	but	femaѴes	
tend	to	outnumber	dispѴaying	maѴes	in	the	breeding	areas	ŐFarmerķ	
HoѴmesķ	ş	PiteѴkaķ	ƑƏƐƒőķ	conforming	to	the	generaѴ	pattern	that	
poѴygyny	 is	 usuaѴѴy	 associated	 with	 femaѴeŊ	biased	 ASR	 ŐLikerķ	
FreckѴetonķ	ş	Sz࣐keѴyķ	ƑƏƐƓĸ	Liker	et	aѴĺķ	ƑƏƐƒőĺ	Thusķ	the	missing	
Ѵink	 between	ASR	 and	 nataѴ	 dispersaѴ	 is	 ѴikeѴy	 the	 resuѴt	 of	 that	
mechanisms related to searching for mating opportunities are not 

expected	to	infѴuence	nataѴ	dispersaѴ	biasĺ
An	 aѴternative	 expѴanation	 is	 that	 the	 negative	 association	be-

tween	 ASR	 and	 sexŊ	biased	 dispersaѴ	 is	 caused	 by	 femaѴes	 that	
disperse to avoid male harassment in populations with male- biased 

ASRsĺ	This	hypothesis	is	supported	by	experimentaѴ	studiesķ	which	
indicate that male aggression toward females increases as a result of 

increased male�male competition in populations with male- biased 

ASRs	 ŐChapmanķ	 Arnqvistķ	 Banghamķ	 ş	 Roweķ	 ƑƏƏƒĸ	 Le	 GaѴѴiardķ	
Fitzeķ	 Ferri࣏reķ	ş	CѴobertķ	 ƑƏƏƔőķ	 and	 this	may	be	 the	main	driver	
of female dispersal in some butterfly populations (Hovestadt & 

Nieminenķ	ƑƏƏƖőĺ	This	process	is	hypothesized	to	be	the	evoѴutionary	
outcome	of	a	sexuaѴ	confѴict	over	mating	and	reproduction	tacticsķ	
resuѴting	in	adaptations	that	benefit	maѴes	Őin	the	short	termő	but	not	
femaѴes	ŐLe	GaѴѴiard	et	aѴĺķ	ƑƏƏƔőĺ	AѴthough	sexuaѴ	coercion	is	recog-

nized	as	one	of	the	key	forces	of	sexuaѴ	seѴection	aѴong	with	mate	
choice and mate competition and seems to be widespread in inver-

tebratesķ	femaѴe	harassment	is	known	to	exist	in	onѴy	a	Ѵimited	set	of	
taxa	in	birdsķ	for	instance	in	waterbirds	ŐBѴackķ	Choudhuryķ	ş	Owenķ	
ƐƖƖѵĸ	McKinneyķ	ƐƖѶѵő	and	passerines	ŐWestcottķ	ƐƖƖƕőĺ	Howeverķ	
nataѴ	 phiѴopatry	 is	 known	 to	 be	 femaѴeŊ	biased	 in	 Anseriformesķ	
ѴikeѴy	indicating	maѴeŊ	biased	dispersaѴ	patterns	ŐAndersonķ	Rhymerķ	
ş	 Rohwerķ	 ƐƖƖƑőķ	 especiaѴѴy	 in	 Anatidaeķ	where	 femaѴe	 phiѴopatry	
is	typicaѴѴy	greater	than	that	of	maѴes	ŐRohwer	ş	Andersonķ	ƐƖѶѶőĺ	
These findings fail to support the hypothesis stating that female- 

biased dispersal is likely to be driven by male harassment in birds.

AѴternativeѴyķ	biased	ASR	may	be	a	consequence	of	 sexŊ	biased	
breeding	dispersaѴ	if	the	Ѵatter	induces	sexŊ	specific	mortaѴityķ	for	ex-
ample through energetic or predation costs of dispersal (Bonte et al., 

ƑƏƐƑĸ	 CѴuttonŊ	Brockķ	 ƑƏƐѵőĺ	 Howeverķ	 this	 hypothesis	 is	 not	 sup-

ported by our results. This finding is in contrast with the conclusion 
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of a recent review using an independent dataset of 42 bird species, 

which reported that mortality is biased toward the further dispersing 

sex	ŐPayevskyķ	ƑƏƐѵőĺ	Howeverķ	this	Ѵatter	study	was	based	on	quaѴ-
itative data only and did not analyze the relationships statistically.

ASR	may	aѴso	be	associated	with	both	nataѴ	and	breeding	sexŊ	
biased	dispersaѴ	if	the	Ѵatter	is	reѴated	to	sex	aѴѴocationķ	as	predicted	
by	some	theoreticaѴ	modeѴsķ	which	concѴuded	that	sexŊ	specific	dis-
persaѴ	is	not	a	simpѴe	fixed	process	but	varies	in	response	to	compѴex	
spatial and temporal patterns (Guillon & Bottein, 2011; Bonte et al. 

ŐƑƏƐƑőĺ	 These	modeѴs	 investigated	 sex	 aѴѴocation	 Őiĺeĺķ	 the	 reѴative	
production	of	maѴe	or	femaѴe	offspringő	and	couѴd	onѴy	expѴain	the	
association	between	the	magnitude	of	the	dispersaѴ	bias	and	ASR	if	
sex	aѴѴocation	is	associated	with	ASRĺ	Howeverķ	Sz࣐keѴy	et	aѴĺ	ŐƑƏƐƓbő	
did	not	find	any	detectabѴe	association	between	ASR	and	hatching	
sex	 ratio	 across	bird	 speciesķ	which	 suggests	 that	 the	 reѴationship	
between	sex	aѴѴocation	and	ASR	is	weakĺ

Our	 findings	differ	 from	PipoѴy	 et	aѴĺĽs	 ŐƑƏƐƔő	 resuѴts	 of	 an	 ab-

sence of relationship between the magnitude of dispersal bias and 

ASR	across	birdsĺ	AѴthough	this	 Ѵatter	study	did	not	separate	nataѴ	
from	breeding	dispersaѴ	Őthey	used	dispersaѴ	data	compiѴed	by	Mabry	
et	aѴĺķ	 ƑƏƐƒőķ	 its	 preѴiminary	 resuѴts	 using	 quaѴitative	 data	 on	 sexŊ	
biased	dispersaѴ	from	a	wider	taxonomic	range	ŐtetrapodsĹ	amphib-

iansķ	reptiѴesķ	birdsķ	and	mammaѴső	supported	that	maѴeŊ	biased	ASR	
is	associated	with	femaѴeŊ	biased	dispersaѴ	ŐSuppѴementary	MateriaѴ	
Ɛ	in	PipoѴy	et	aѴĺķ	ƑƏƐƔőĺ

To	investigate	the	exact	Ѵink	between	dispersaѴ	bias	and	aduѴt	sex	
ratiosķ	experimentaѴ	investigations	wouѴd	be	neededĺ	Howeverķ	Ѵess	
than	a	handfuѴ	of	studies	are	avaiѴabѴe	on	experimentaѴ	manipuѴation	
of	ѴocaѴ	sex	ratiosĺ	For	instanceķ	Le	GaѴѴiard	et	aѴĺ	ŐƑƏƏƔő	manipuѴated	
a population of common lizards (Lacerta viviparaő	 and	showed	that	
male mortality and emigration rates were not higher under male- 

biased	ASRķ	 in	contrast	to	the	expectationĺ	SimiѴarѴyķ	Trochet	et	aѴĺ	
ŐƑƏƐƒő	experimentaѴѴy	manipuѴated	sex	ratios	in	metapopuѴations	of	
butterfѴies	and	faiѴed	to	observe	any	sexŊ	biased	dispersaѴķ	aѴthough	
sex	 ratio	 manipuѴations	 were	 expected	 to	 infѴuence	 mate	 search	
tactics. This study concluded that female harassment by males and 

male�male competition might be more important mechanisms for 

the	dispersaѴ	of	both	sexes	than	searching	for	a	mating	partnerĺ
SexuaѴ	 seѴection	 has	 been	 repeatedѴy	 assumed	 to	 be	 a	major	

driver	 of	 sexŊ	biased	 dispersaѴ	 ŐCѴarke	 et	aѴĺķ	 ƐƖƖƕĸ	 Greenwoodķ	
ƐƖѶƏĸ	 Mabry	 et	aѴĺķ	 ƑƏƐƒĸ	 Trochet	 et	aѴĺķ	 ƑƏƐѵőķ	 aѴthough	 phyѴo-

genetic analyses performed so far generally failed to support this 

expectation	Őbut	see	Trochet	et	aѴĺķ	ƑƏƐѵőĺ	We	did	not	find	any	sup-

port	for	this	expectation	that	sexŊ	biased	dispersaѴ	is	reѴated	to	sex-

ual selection, although we used several different metrics including 

mating	 systemķ	 frequency	 of	 extraŊ	pair	 paternityķ	 reѴative	 testis	
sizeķ	sexuaѴ	size	dimorphismķ	and	pѴumage	dimorphismĺ	In	contrast	
to	Trochet	et	aѴĺ	ŐƑƏƐѵőķ	we	aѴso	faiѴed	to	detect	any	association	be-

tween	the	type	of	parentaѴ	care	and	sexŊ	specific	dispersaѴ	patternsĺ	
The discrepancy between studies might be related to the larger 

taxonomic	range	used	by	Trochet	et	aѴĺ	ŐƑƏƐѵőķ	which	encompassed	
invertebrates and vertebrates other than birds, and also to the lack 

of	 separation	 of	 nataѴ	 and	 breeding	 dispersaѴ	 dataĺ	 AdditionaѴѴyķ	

Trochet	et	aѴĺ	ŐƑƏƐѵő	empѴoyed	two	binary	variabѴes	to	describe	pa-

rentaѴ	care	in	a	way	that	was	suitabѴe	for	their	diverse	taxonomic	
coverage including mammals, birds, reptiles, and amphibians, 

whereas we used more fine- scaled care variables that were specif-

ically developed for birds. Therefore, we can safely conclude that 

there	is	currentѴy	no	robust	support	for	any	roѴe	of	sexuaѴ	seѴection	
in	the	magnitude	of	sex	differences	in	dispersaѴ	across	bird	speciesĺ

In conclusion, we found that dispersal distances were markedly 

Ѵonger	 in	 femaѴes	 than	 in	 maѴes	 across	 birds	 and	 that	 sexŊ	biased	
breeding dispersal, but not natal dispersal, was positively associated 

with	aduѴt	sex	ratiosĺ	We	caѴѴ	for	foѴѴowŊ	up	studies	both	in	other	tax-
onomic groups and in within single- species to assess the possible 

causes of this relationship.
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