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Complex	sociality	evolved	in	many	species	across	the	animal	kingdom,	

including	humans.		Species	in	complex	social	systems	are	likely	adapted	to	not	just	

the	physical	environmental	niche	(like	climate	and	foraging	resources),	but	also	to	

social	environmental	pressures.		Therefore	one	consequence	of	complex	sociality	

might	be	the	evolution	and	development	of	complex	cognitive	abilities	to	enable	

successful	navigation	of	social	interactions	for	increase	survival	and	fitness	within	

the	social	group.		The	social	intelligence	hypothesis	(SIH)	posits	that	species	

exhibiting	dynamic	and	larger	group	sizes	will	also	evolve	increased	cognitive	

abilities.		However,	previous	research	testing	this	hypothesis	relied	on	broad	proxy	

measures	for	both	sociality	and	cognition	to	compare	species	across	taxa.		Studies	

that	do	experimentally	assess	cognition	are	conducted	in	tightly	controlled,	artificial	
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lab	environments.		As	a	result,	there	is	still	much	conflicting	evidence	for	the	effect	

of	sociality	on	the	evolution	of	cognition.		In	the	research	presented	here	we	used	

social	network	analysis	to	directly	quantify	sociality	of	two	congeneric	jay	species,	

the	social	Mexican	Jay	(MEJA)	and	the	asocial	California	Scrub-Jay	(CASJ).		We	

conducted	cognitive	assessments	on	individuals	from	both	species	in	the	wild,	and	

experimentally	tested	whether	wild	subjects	and	subjects	tested	in	captivity	

performed	similarly.		We	also	quantified	whether	sociality	had	a	divergent	effect	on	

the	behavioral	response	to	a	threatening	stimuli	in	two	contexts	(boldness).		We	

found	that	naïve	individuals	from	the	social	species	did	not	imitate	novel	foraging	

behavior	of	knowledgeable	conspecifics	and	did	not	significantly	outperform	CASJ.	

Instead,	social	facilitation	significantly	predicted	the	behavioral	responses	of	MEJA	

social	groups	to	the	novel	foraging	task	and	the	two	threat	contexts.		In	contrast,	

CASJ	have	higher	quality	social	relationships	with	their	mate,	but	showed	no	

indication	of	a	social	effect	on	behavioral	responses	to	the	foraging	or	threat	tasks.		

Therefore	we	found	limited	evidence	for	the	SIH	in	this	system.		However	we	believe	

this	research	is	an	important	step	in	the	comparative	cognition	field	because	we	

quantified	cognitive	and	behavioral	performance	on	an	ecologically	relevant	task	in	

the	social	and	physical	environment	in	which	selection	is	occurring.		Future	

research	should	expand	these	methods	to	other	congeneric	species	pairs,	and	test	

additional	socio-cognitive	mechanisms	like	transitive	inference.		In	this	way	we	can	

better	understand	the	effect	of	sociality	on	brain	evolution	and	development.	
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Introduction	

	 Species	across	the	animal	kingdom	exhibit	incredibly	diverse	and	plastic	

social	systems.		There	are	various	proximate	(i.e.	hormonal	or	genetic)	and	ultimate	

(i.e.	predation	pressure	or	patchy	resources)	explanations	for	the	occurrence	of	

sociality	(Kelley	et	al.	2011;	Napper	and	Hatchwell	2016;	Tanner	and	Jackson	2012).		

However,	we	still	know	very	little	about	the	individual-level	evolutionary	

consequences	of	social	life.			

The	high	quantity	and	quality	of	social	relationships	exhibited	by	human	

groups	throughout	our	evolutionary	history	is	thought	to	have	led	to	the	evolution	

of	brain	structure	and	function.		The	social	intelligence	hypothesis	(hereafter	SIH),	

also	called	the	social	brain	hypothesis,	posits	that	the	unique	difficulty	of	predicting	

and	responding	to	behavior	of	conspecific	group-mates	necessitated	the	evolution	of	

complex	cognitive	abilities	(Humphrey	1976;	Seyfarth	and	Cheney	2015;	Taborsky	

and	Oliveira	2012).		Socio-cognitive	mechanisms	increase	the	ability	of	individuals	

to	navigate	potentially	dangerous	social	interactions.		For	example,	transitive	

inference	would	allow	an	individual	to	know	the	dominance	rank	of	a	stranger	

relative	to	self	by	observing	group-mate	interactions	(Bond	et	al.	2003).		

Alternatively,	individuals	can	increase	survival	and	fitness	by	attending	to	and	

replicating	the	behavior	of	group-mates	towards	novel	stimuli	(social	learning;	

Hoppitt	and	Laland	2013).	

	 Many	studies	have	used	broad	cross-taxon	comparisons	to	search	for	

evidence	to	support	the	SIH.		Frequently,	this	involves	proxy	measures	for	social	

complexity	and	cognitive	abilities	that	may	be	impossible	to	directly	compare	across	
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species	(Bergman	and	Beehner	2015).		As	a	result,	many	contradictory	lines	of	

evidence	complicate	the	field.		To	understand	the	environmental	factors	relating	to	

cognitive	evolution	it	is	necessary	to	design	more	detailed,	ecologically	valid	

experiments.	

	 The	research	presented	here	improves	on	previous	SIH	experiments	in	

several	ways.		First,	our	study	system	is	comprised	of	two	congeneric	species	that	

have	very	different	social	environments,	but	live	in	similar	physical	environments.		

Consequently,	any	differences	in	cognitive	abilities	can	be	attributed	to	divergent	

sociality	rather	than	genetic,	morphological,	or	ecological	differences	(Bergman	and	

Beehner	2015;	Shettleworth	2010).		In	our	first	experiment,	we	used	social	network	

analysis	to	directly	assess	quality	and	quantity	of	individual	social	associations	

(Croft	et	al.	2008).		We	compared	dyadic	social	relationship	quality	of	our	two	

species	to	test	the	assumption	that	increases	social	system	complexity	defined	at	the	

group-level	result	in	a	different	degree	of	evolutionary	pressures	on	cognition.	

	 While	most	researchers	testing	the	SIH	use	brain	size	as	a	proxy	measure	of	

cognitive	ability	(i.e.	Dunbar	1998;	Dunbar	and	Bever	1998),	there	are	a	minority	of	

studies	that	quantify	cognitive	performance	with	experimental	tasks	(Balda	and	

Kamil	2002;	Templeton	et	al.	1999).		Nearly	all	of	these	assessments	occur	in	the	

laboratory	with	captive	animal	subjects,	but	assume	that	results	are	generalizable	to	

wild	conspecifics.		In	our	second	experiment	we	tested	this	assumption	by	

comparing	performance	of	captive	and	wild	individuals	on	the	same	novel	foraging	

task.			
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	 Third,	we	conducted	a	test	of	the	SIH	by	quantifying	the	socio-cognitive	

ability	social	learning	using	a	complex	foraging	task	demonstrated	by	trained	

conspecifics.		We	compared	performance	at	the	task	of	naïve	subjects	in	the	wild	

from	the	social	and	the	asocial	species.		Our	task	structure	also	allowed	us	to	discern	

what	types	of	social,	or	asocial	information	naïve	individuals	use	when	deciding	

where	and	how	to	interact	with	the	task	(Laland	2004;	Zentall	2012).		

	 Lastly,	one	benefit	of	sociality	is	increased	predator	vigilance	and	deterrence	

(Kelley	et	al.	2011),	and	appropriate	behavioral	responses	to	threat	can	be	learned	

(Cornell	et	al.	2011;	Griffin	2008).		Therefore,	a	potential	consequence	of	evolution	

and	development	in	a	complex	social	group	is	behavioral	coordination	in	time	and	

space.		To	test	for	this,	we	quantified	the	occurrence	and	assortment	patterns	of	

repeatable	boldness	behaviors	towards	two	different	threatening	stimuli	within	and	

across	territories.			

	 We	believe	this	research	program	will	push	the	boundaries	of	comparative	

cognition	research	by	demonstrating	that	data	to	test	evolutionary	hypotheses	can	

be	collected	on	wild	animals.		In	situ	experiments	occur	in	the	location	where	

natural	selection	has	taken	place,	and	so	results	will	be	more	ecologically	valid	and	

generalizable	(Coussi-Korbel	and	Fragaszy	1995;	Shettleworth	2010;	Thornton	and	

Lukas	2012).		Despite	a	decreased	ability	to	tightly	control	experiments	on	wild	

animal	groups,	it	is	vital	to	observe	natural	behaviors	of	animals	in	their	social	

environment	to	better	understand	consequences	of	sociality.	
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Abstract	

Current	interest	in	the	evolutionary	origins	of	cognition	has	driven	

researchers	to	seek	a	predictive	relationship	between	social	behavior	and	the	

evolution	of	complex	cognitive	abilities.		In	social	groups	with	characteristics	such	

as	dominance	hierarchies,	cooperative	behaviors	and	long-term	interactions,	social	

competence	should	select	for	increased	socio-cognitive	abilities	like	social	learning,	

transitive	inference,	and	theory	of	mind.		Previous	work	has	assumed	that	broad	

group-level	measures	of	social	complexity,	like	group	size	accurately	capture	the	

degree	of	social	pressure	underlying	the	evolution	of	cognitive	and	behavioral	

adaptations	to	social	life.		Group-level	traits	result	from	emergent	properties	of	

individual-level	dyadic	interactions,	yet	variation	in	dyadic	relationship	quality	is	

rarely	considered.		Here	we	used	social	network	analysis	to	compare	two	species	

differing	in	social	system	to	test	whether	complex	social	group	structure	predicts	

increased	frequency	and	duration	of	individual-level	social	interactions.		In	contrast	

to	assumptions	of	previous	research	using	group	size	as	a	proxy	for	social	
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complexity,	we	found	social	Mexican	Jays	had	lower	quality	dyadic	interactions	than	

asocial	California	Scrub-Jay	mate	pairs.		As	a	result,	we	show	that	it	is	dangerous	to	

assume	that	broad	group-level	measures	accurately	capture	the	features	of	

individual	social	interactions	that	might	select	for	cognitive	and	behavioral	

adaptations.	

Introduction	

Sociality	is	nearly	ubiquitous	across	vertebrate	and	invertebrate	taxa,	but	

varies	widely	both	within	and	among	species.		Group	size,	group	stability,	and	the	

type	of	breeding	system	are	used	to	broadly	define	complexity	of	social	groups.		

Larger	groups,	with	traits	such	as	reproductive	skew	or	fission-fusion	movement	

patterns	are	assumed	to	reflect	increased	social	environmental	pressure	on	the	

evolution	of	cognition	and	behavior	over	“simpler”	social	systems	like	long-term	

monogamy	(Dunbar	1998;	Humphrey	1976;	Jolly	1966).		However,	the	features	of	

complex	groups	arise	from	the	emergent	properties	of	individual-level	dyadic	

interactions.			

Considerable	research	has	found	that	individuals	within	social	groups	

interact	non-randomly	(Krause	et	al.	2015;	Seyfarth	1977),	resulting	in	groups	with	

dominance	hierarchies,	long-term	interactions	between	over-lapping	generations,	

and	occasionally	behavioral	coordination	in	time	and	space	for	cooperation	(Ryder	

et	al.	2011).		Individuals	in	a	group	can	gain	survival	and	fitness	benefits	such	as	

social	foraging,	cooperative	breeding	and	predator	vigilance,	but	there	are	also	costs	

like	increased	competition	for	resources	and	mating	opportunities	(Dunbar	2018;	

Lima	et	al.	1999;	Sewall	2015;	Silk	2007;	Wittig	et	al.	2008).		Therefore,	successfully	
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navigating	dyad-level	social	interactions	can	positively	affect	survival	and/or	fitness	

for	socially	competent	individuals	(Gersick	et	al.	2012;	Taborsky	and	Oliveira	2012;	

White	et	al.	2010).		

In	order	to	successfully	navigate	dynamic	social	interactions,	socially	

competent	individuals	likely	pay	increased	attention	to	behavior	of	conspecifics,	

have	larger	memory	capacity	for	previous	social	interactions,	or	abilities	such	as	

social	learning,	transitive	inference,	and	aspects	of	perspective	taking	(Dally	et	al.	

2005;	Emery	et	al.	2007;	Range	et	al.	2009;	Scheid	et	al.	2007;	Seyfarth	and	Cheney	

2015).		Therefore,	in	addition	to	the	proximate	fitness	consequences	of	group	living,	

variation	in	group	composition	and	function	could	shape	the	evolution	of	cognitive	

and	behavioral	mechanisms	(Humphrey	1976;	Jolly	1966).		The	theoretical	link	

between	social	complexity	and	evolution	of	cognition	has	led	many	researchers	to	

search	for	synergies	between	social	complexity,	social	competence,	and	cognitive	

abilities	in	animal	models	(Dunbar	1998).		Current	popular	proxy	measures	of	social	

complexity	focus	on	group-level	traits	and	fail	to	capture	variation	in	individual-

level	social	interactions	(Bergman	and	Beehner	2015),	even	though	selection	for	

increased	capacity	for	some	cognitive	abilities	likely	occurs	on	the	level	of	individual	

dyadic	interactions	(Duckworth	2009;	Taborsky	and	Oliveira	2012).		To	date,	

however,	few	studies	have	measured	variation	at	the	group	and	individual	levels	to	

test	the	assumption	that	group-level	measures	accurately	characterize	social	

complexity	and	the	underlying	selection	dynamics	(Whitehead	2008).	

Group	size	as	a	measure	of	complex	sociality	is	problematic	because	it	is	

overly	general,	and	spatially	and	temporally	subjective	(Bergman	and	Beehner	
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2015).		For	some	of	the	largest	animal	groups	(i.e.	wildebeest,	colonial	seabirds)	no	

consistent	individual	interactions	occur.		Instead,	large	aggregations	more	likely	

result	from	ecological	factors	such	as	predator	avoidance	and	patchy	resources	

(Beauchamp	and	Fernández-Juricic	2004;	Shultz	and	Dunbar	2006).		Furthermore,	

group	size	for	many	species	depends	on	season	or	age	(Alcock	2009).		Species	like	

the	American	Crow	have	long-term	pair	bonds	and	associate	in	small	groups	or	

pairs	during	the	breeding	season,	but	aggregate	in	huge	numbers	during	the	non-

breeding	season	(Verbeek	and	Caffrey	2002).		Similarly,	juvenile	Common	Ravens	

aggregate	in	groups	for	several	years	before	they	sexually	mature,	then	pair	bond	

for	life	and	become	aggressively	territorial	and	asocial	(Boarman	and	Heinrich	

1999).		Therefore,	it	is	unclear	whether	cognitive	and	behavioral	adaptations	for	

social	competence	in	a	large,	dynamic	social	group	would	evolve	in	these	temporally	

variable	systems.		Lastly,	group	size	as	a	definition	of	social	complexity	overlooks	

the	intricacy	of	dyad-level	interactions	within	small	groups	or	pairs.			

Previous	research	has	found	evidence	that	social	competence	in	these	

“simpler”	social	systems	relates	to	increased	cognitive	abilities	like	directed	social	

attention	(Scheid	et	al.	2007),	memory	of	previous	interactions	(Dally	et	al.	2006),	

social	learning	ability	(Templeton	et	al.	1999),	and	components	of	perspective	

taking	(Ostojić	et	al.	2013).		For	example,	pair-bonded	species	like	Graylag	Geese	

exhibit	long-term	social	bonds	and	non-random	coordination	in	time	and	space	for	

territory	defense	or	predator	vigilance	(Emery	et	al.	2007).		In	many	cases,	cognitive	

performance	of	species	living	in	small	groups	or	pairs	is	equivalent	to	that	from	

species	classically	considered	socially	complex	(Emery	2004).		As	such,	to	clarify	the	
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importance	of	social	environmental	pressures	on	the	evolution	of	cognition	and	

behavior,	it	is	necessary	to	redefine	social	“complexity”.	

Social	network	analysis	(SNA)	explicitly	quantifies	the	dyad-level	social	

properties	leading	to	emergent	group-level	characteristics.		Unlike	the	broad	

measure	of	group	size,	group	stability	and	breeding	system	to	characterize	complex	

groups,	SNA	uses	observations	of	repeated	social	interactions	for	bottom-up	

quantification	of	social	behavior	at	the	individual,	dyadic	and	group-level.		

Therefore,	this	approach	can	highlight	variation	in	social	competence	at	multiple	

scales	(i.e.	between	individuals,	groups,	and	species)	to	provide	more	detailed	

information	about	the	social	pressures	that	could	underlie	evolved	adaptations	like	

social	cognition.		SNA	uses	weighted	association	indices	to	quantify	the	intensity	of	

dyadic	relationships,	like	preferred	social	partners	or	behavioral	coordination,	that	

result	in	long-term	and	frequent	social	interactions.		These	spatial	and	temporal	

associations	between	individuals	are	quantified	with	weighted	edges	(or	links,	ties)	

between	individuals	that	are	larger	than	edge	weights	between	dyads	that	rarely	

associate.		Therefore,	edge	weights	describe	the	relationships	between	individuals,	

whereas	variation	in	social	competence	of	an	individual	within	social	networks	can	

be	defined	from	network	graphs	with	metrics	such	as	degree	(number	of	associates)	

and	strength	(sum	of	connected	edge	weight	values).		Consequently,	SNA	allows	us	

to	make	specific	predictions	about	the	degree	of	synchrony	between	group-level	and	

individual-level	social	complexity.			

Frequent,	long-term	social	interactions	(i.e.	pair-bonded	species	like	ravens)	

will	result	in	larger	edge	weight	values,	but	not	necessarily	large	degree	values,	
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whereas	individuals	in	large	aggregations	(i.e.	wildebeest)	will	show	the	opposite	

trend	and	have	large	degree	values,	but	small	edge	weights.		We	expect	systems	that	

are	classically	considered	as	socially	complex	(e.g.	long-term	interactions,	

dominance	hierarchies,	reproductive	skew,	or	behavioral	coordination	in	large	

groups)	would	exhibit	both	large	dyadic	edge	weights	and	large	degree	values	

(which	equates	to	individuals	with	large	strength	values).		

Although	SNA	is	frequently	used	to	describe	social	structure	of	populations	

in	isolation,	only	very	recently	have	researchers	begun	to	use	this	approach	to	test	

evolutionary	hypotheses	(Belton	et	al.	2018;	Dunbar	2018;	Ilany	and	Akçay	2016).		

Yet	species	comparisons	are	necessary	to	understand	the	biological	relevance	of	

relatively	larger	or	smaller	network	metrics	values.		Here	we	used	a	comparative	

approach	to	test	the	assumption	that	complexity	at	the	group-level	necessitates	a	

high	degree	of	social	competence	and	drives	the	number	and	frequency	of	social	

interactions	at	the	individual-level.		We	used	SNA	to	compare	social	associations	of	a	

species	that	exhibits	larger	group	sizes,	long-term	stability	of	group	composition	

and	a	dynamic	breeding	system,	to	a	pair-bonded	solitary	species.		In	accord	with	

the	differences	in	species	group	size,	we	expect	higher	degree	values	for	individuals	

in	the	“complex”	social	group	species.		If	broad	group-level	measures	of	size,	

stability	and	breeding	system	accurately	predict	individual-level	social	competence,	

then	we	also	expect	higher	edge	weight	values	between	individuals	in	the	complex	

social	group	species.		An	alternative	hypothesis	is	that	long-term	monogamy	

necessitates	equally	high	levels	of	social	attention,	behavioral	coordination,	and	

perspective	taking	(i.e.	Eurasian	Jays;	Ostojić	et	al.	2013).		If	this	occurs,	then	we	
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predict	a	difference	in	degree	values,	but	no	difference	in	dyadic	edge	weight	values	

between	the	two	types	of	social	groups.		This	study	will	test	the	common	

assumption	that	complex	social	groups	defined	using	broad	definitions	are	also	

most	likely	to	contain	individuals	with	high	social	competence	and	complex	dyadic	

relationships	that	could	lead	to	the	evolution	of	cognitive	and	behavioral	

adaptations.		

Methods	

Study	system:	We	studied	two	species	in	the	Aphelocoma	genus	at	extreme	

ends	of	the	sociality	spectrum:	the	highly	social	Mexican	Jay	(A.	wollweberi;	

hereafter	MEJA),	and	the	asocial	California-Scrub	Jay	(A.	californica;	hereafter	CASJ).		

CASJ	live	in	long-term,	solitary	monogamous	pairs	that	defend	a	territory	year-

round	against	all	other	jays,	including	fledglings,	which	are	chased	from	the	

territory	before	the	next	breeding	attempt	begins	(Curry	et	al.	2002).		While	CASJ	

only	have	one	constant	social	partner,	most	mate	for	life	which	could	require	

frequent	affiliative	interactions	and	social	coordination	to	maintain	the	pair	bond	

(Emery	et	al.	2007).		In	contrast,	MEJA	live	in	flocks	of	5-25	individuals	on	a	year-

round	territory	that	they	defend	against	other	groups.		Within	the	flock,	several	

pairs	form	during	the	breeding	season	to	build	nests	and	lay	eggs.		Pairs	are	not	

constant	across	breeding	seasons,	or	genetically	monogamous	within	a	breeding	

season	(Brown	1994).		Once	nestlings	hatch,	all	jays	in	the	flock	cooperate	to	feed	

and	protect	the	young,	regardless	of	relatedness	(Brown	and	Brown	1981).		Young	

delay	dispersal	for	several	years	or	remain	in	their	natal	flock	for	life.		Membership	

in	flocks	is	very	stable,	but	low	levels	of	emigration	and	immigration	prevent	
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inbreeding	depression	(Brown	and	Brown	1981).		As	such,	MEJA	flocks	show	group-

level	social	complexity	in	that	there	are	stable,	large	groups,	with	a	breeding	system	

that	involves	cooperation	and	reproductive	skew	(Brown	et	al.	1997).			

Data	collection:		From	April	2014	–	September	2016	we	tracked	49	CASJ	from	

20	territories	in	Willamette	Mission	State	Park	in	Keizer,	OR	(supplementary	Fig.	1).		

We	also	tracked	73	MEJA	from	7	flocks	around	the	Southwestern	Research	Station	

in	Portal,	AZ	from	May	–	November	2015	(supplementary	Fig.	2).		The	majority	of	

jays	were	color-banded	for	individual	identification,	but	7	unbanded	jays	(3	MEJA,	4	

CASJ)	were	included	in	analyses	because	their	space	use	was	sufficiently	distinct	to	

allow	for	identification.		We	conducted	up	to	6	behavioral	observations	on	all	

banded	jays	of	both	species.		The	average	(±	SE)	number	of	observations	for	MEJA	

was	4.9	±	0.07	observations,	and	for	CASJ	it	was	5.1	±	0.09	observations.		Average	

duration	of	MEJA	behavioral	observations	was	11.3	±	0.3	minutes,	and	average	

observation	time	for	CASJ	was	12.3	±	0.3	minutes.		In	total,	we	spent	85.3	hours	

observing	jays.		

		During	focal	observations,	we	defined	associations	using	spatial	proximity	

(i.e.,	any	individual	within	10m	of	the	focal	jay).		We	also	recorded	approximate	

distance	of	all	associates	and	duration	of	associations.		We	excluded	all	agonistic	

interactions	from	these	data	(displacements,	pecks,	chases).		To	prevent	temporal	

autocorrelation	of	social	behavior,	we	did	not	conduct	an	observation	on	any	jays	

that	were	seen	in	the	same	day	associating	with	a	previous	focal	individual.		

Additionally,	each	jay’s	observations	were	separated	by	at	least	two	weeks	

(Whitehead	2008).		We	attempted	to	follow	every	banded	bird	in	both	breeding	and	
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non-breeding	seasons,	but	variation	in	behavior	precluded	complete	replication	of	

observations	for	all	birds.		To	ensure	equivalent	sampling	effort	across	all	

individuals,	we	systematically	searched	for	the	individuals	who	had	not	been	seen	in	

more	than	two	weeks.	

	 In	our	system,	where	there	are	very	stable	groups/pairs,	we	assumed	that	

dyads	that	are	never	seen	within	10m	have	less	secure	relationships	than	those	that	

associate	more	closely	(Fraser	and	Bugnyar	2010).		Therefore	an	association	index	

that	includes	the	degree	of	spatial	proximity	is	appropriate	for	more	fine-scaled	

discrimination	of	preferred,	stable	relationships.		To	weight	the	association	between	

each	dyad	we	used	an	association	index	that	included	the	distance	two	jays	were	

seen	associating,	and	the	duration	at	that	distance	(Blaszczyk	2018).		For	each	pair,	

we	calculated	our	association	index	for	a	given	dyad	(AIAB)	as:	

AIAB	=	
!!" ! !

!!"
(!!! !!)

	

Where	tAB	is	the	sum	duration	in	seconds	across	observations	periods	that	jay	A	and	

jay	B	spent	within	10m,	dAB	is	the	closest	average	distance	in	meters	that	jay	A	and	

jay	B	were	observed	across	observation	periods	(average	of	closest	distance	in	

observation	1	plus	closest	distance	in	observation	2,	etc.).		TA	represents	the	

summed	total	time	during	all	of	its	focal	observations	that	jay	A	was	in	the	

observer’s	view,	and	TB	represents	jay	B’s	total	time	in	view	during	observations	

(Blaszczyk	2018).		Jays	that	spent	a	larger	proportion	of	time	in	close	proximity	

have	higher	association	index	values	and	are	more	likely	to	be	involved	in	an	

interaction	that	requires	social	competence	such	as	directed	social	attention	or	

behavioral	coordination	(Fraser	and	Bugnyar	2010).		This	differs	from	common	
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association	indices	(Cairns	and	Schwager	1987)	that	only	quantify	association	

frequency,	but	yields	a	more	detailed	picture	of	individual-level	dyadic	social	

relationships.			

	 Data	analysis:		We	used	the	R	package	igraph,	version	1.1.2	(Csardi	and	

Nepusz	2006),	to	create	undirected,	weighted	social	network	graphs	from	our	

association	data,	and	to	calculate	network	metrics.		To	quantify	social	complexity	we	

used	edge	weight	(the	value	of	the	association	index)	to	describe	the	dyadic	

relationship.		We	used	social	network	metrics	degree	(the	number	of	jays	observed	

within	10m	of	the	focal	jay),	and	strength	(sum	of	edge	weights	between	focal	jay	

and	associating	jays)	to	describe	individual	social	propensity.		It	is	likely	impossible	

in	the	CASJ	social	system	to	have	degree	values	as	high	as	that	seen	in	MEJA.		

Additionally,	larger	degree	values	will	artificially	increase	strength	values,	even	if	

dyadic	relationship	quality	is	low	with	all	associating	jays.		Therefore	to	ensure	a	

more	straightforward	comparison	of	species	with	very	different	network	sizes,	we	

scaled	degree	and	strength	values	by	dividing	the	observed	value	by	the	maximum	

value	for	its	species	(Croft	et	al.	2008),	but	we	included	the	non-scaled	results	in	the	

supplementary	material.		We	used	linear	mixed	models	(LMM)	to	test	for	the	effect	

of	species	on	three	dependent	variables:	edge	weight,	strength	and	degree.	We	log	

transformed	all	variables	to	meet	normality	assumptions,	and	verified	with	visual	

inspections	of	residuals,	as	well	as	Shapiro-Wilk	(Shapiro	and	Wilk	1965)	and	

Kolmogorov-Smirnov	(Lilliefors	1967)	tests	of	normality.		For	scaled	strength	and	

degree	we	included	a	random	effect	of	territory	of	the	focal	jay	to	account	for	

differences	in	group	mean	network	metric	due	to	assortativity	by	gregariousness	
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and	variability	in	group	size.		Edge	weights	of	associations	between	jays	from	

different	territories	were	significantly	smaller	than	edge	weights	between	jays	from	

the	same	territory	for	both	species	(t-value	=	-2.69,	p	=	0.01).		We	calculated	the	

intra-class	correlation	coefficient	of	within/between	flock	edge	status,	and	found	

that	it	accounts	for	15%	of	the	variance	in	edge	weight.		Therefore,	we	also	included	

a	random	effect	of	within/between	territory	in	our	analysis	of	edge	weights	to	

account	for	these	distinct	mean	values.			

Network	data	violate	the	assumption	of	independence	required	for	most	

statistical	tests	(Whitehead	2008).		Additionally,	many	animals	reside	in	groups	or	

appear	in	spatial	proximity	because	of	ecological	constraints	rather	than	social	

preference.		To	determine	significance	of	species	differences	in	our	dependent	

variables,	we	generated	10,000	datasets	in	which	the	species	label	of	nodes	

(individuals)	were	permuted.		In	these	random	networks,	individual-level	sociality	

is	decoupled	from	group-level	complexity	(species).		We	re-ran	the	same	LMM	on	

each	of	the	10,000	datasets	to	create	a	null	beta	coefficient	distribution.		We	

compared	our	observed	coefficient	values	describing	the	species	effect	in	our	

empirical	data	to	the	distribution	of	coefficients	resulting	from	randomized	data	

(Croft	et	al.	2008;	Whitehead	2008).		We	considered	empirical	coefficient	values	

significant	if	they	were	more	extreme	than	97.5%	of	the	distribution	of	coefficients	

resulting	from	randomized	data.	

Results			

Over	the	whole	study	period	we	observed	389	unique	dyadic	association	

events	in	the	MEJA	population	and	109	dyadic	associations	between	CASJ	
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individuals.		MEJA	were	less	likely	to	associate	with	members	of	other	territories.		

Only	2%	of	MEJA	ties	(4	out	of	214	ties)	occurred	between	members	of	different	

flocks	(Fig.	1a),	whereas	43%	of	CASJ	ties	(16	out	of	37)	occurred	between	non-mate	

pairs	(Fig.	1b)	in	contexts	that	were	not	obviously	agonistic.	 	

	 	As	expected,	the	number	of	associates	(degree)	of	MEJA	was	significantly	

greater	than	that	of	CASJ	(Fig.	2a).		MEJA	degree	values	were	normally	distributed	in	

the	population	with	a	mean	±	SE	of	5.9	±	0.3,	whereas	CASJ	degree	values	were	left-

skewed	and	the	average	was	1.5	±	0.1.		The	effect	of	species	was	significantly	greater	

than	the	coefficients	from	the	null	distribution	that	used	node-label	permutations	to	

decouple	scaled	degree	values	from	species	identity	(Fig.	3a;	MEJA	β1	=	0.45,	p	=	0).			

	 Contrary	to	our	prediction	that	group-level	complexity	relates	to	greater	

quality	in	individual	relationships,	MEJA	log-transformed	edge	weight	values	were	

smaller	than	those	between	CASJ	(Fig.	2b;	MEJA	mean	±	SE:	0.67	±	0.3;	CASJ:	0.72	±	

0.2).		The	observed	coefficient	for	the	species	effect	on	edge	weight	fell	outside	of	

the	null	distribution	of	coefficients	resulting	from	the	permuted	data	(Fig.	3b;	MEJA	

β1	=	-1.03,	p	=	0.0001),	indicating	a	significant	difference.		

	 Strength	(i.e.,	the	sum	of	an	individual’s	connected	edge	weights)	was	

significantly	different	between	species	(Fig.	2c);	the	observed	coefficient	for	the	

species	effect	also	fell	outside	of	the	null	distribution	of	coefficients	from	permuted	

data	(Fig.	3c).		However,	in	contrast	to	our	predictions,	MEJA	had	significantly	

smaller	scaled	strength	values	than	CASJ	(MEJA	mean	±	SE:	0.06	±	0.02;	CASJ:	0.36	±	

0.4;	MEJA	β1	=	-0.76,	p	=	0.0004).	

Discussion			
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Large	group	sizes,	variation	in	group	stability,	and	multifaceted	breeding	

systems,	are	often	used	to	identify	social	complexity.			Much	of	the	interest	in	

defining	whether	species	have	complex	social	systems	comes	from	hypotheses	

predicting	that	social	complexity	drives	the	evolution	of	complex	cognitive	abilities	

(i.e.	Dunbar	1998;	Humphrey	1976;	Jolly	1966).		MEJA	are	a	communal,	

cooperatively	breeding	species.		Therefore,	these	hypotheses	would	predict	that	

MEJA	individuals	require	a	high	amount	of	social	competence	and	associated	

cognitive	abilities	to	navigate	the	dominance	hierarchy,	and	coordinate	behaviors	in	

time	and	space	for	cooperative	breeding.		Conversely,	we	show	that	these	broad	

group-level	traits	to	define	social	complexity	are	not	predictive	of	increased	

individual-level	social	relationship	quality	measured	from	observations	of	repeated	

social	associations.			

Instead	of	variation	in	group-size	as	the	mechanism	for	evolution	of	all	

complex	social	cognitive	abilities,	it’s	likely	that	cognitive	traits	evolve	in	a	modular	

fashion	depending	on	the	pressures	from	the	local	social	environment.		As	a	result,	

we	would	expect	various	behaviors	to	be	differentially	expressed	depending	on	the	

type	of	social	competence	needed.		We	found	support	for	the	hypothesis	that	the	

“simpler”	social	system	of	the	life-long	pair	bond	in	CASJ	requires	high	levels	of	

social	attention	and	behavioral	coordination	because	dyadic	edge	weights	(i.e.	more	

frequent	and	close	associations)	and	individual	strength	values	were	greater	than	

those	seen	between	MEJA.		Since	most	CASJ	have	just	one	social	connection	(their	

mate),	they	can	dedicate	more	energy	to	attending	to	the	behavior	of	that	partner.		

Given	this	social	environment,	it’s	likely	that	CASJ	might	socially	learn	a	task	(or	
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acquire	a	pathogen,	for	a	non-cognitive	example)	much	more	quickly	from	their	

social	mate	than	a	MEJA	would	from	a	given	group-mate	(Hoppitt	and	Laland	2013).		

Furthermore,	these	data	add	to	previous	research	that	found	captive	CASJ	and	

another	asocial	monogamous	species,	the	Eurasian	Jay,	exhibit	cognitively	advanced	

perspective-taking	behaviors	rarely	seen	in	other	taxa	(Dally	et	al.	2005;	Ostojić	et	

al.	2013).		Jays	of	both	species	were	found	to	observe	and	remember	past	behavioral	

interactions	and	visual	perspectives	of	a	conspecific,	demonstrating	that	repeated	

dyadic	interactions	might	be	a	key	mechanism	facilitating	social	competence	in	

these	taxa.			

Not	surprisingly,	we	found	higher	scaled	degree	values	in	group-living	MEJA	

than	in	solitary,	monogamous	CASJ.		MEJA	may	not	spend	as	much	time	with	any	one	

associate	because	of	the	heterogeneous	social	environment.	There	may	be	a	general,	

evolved	trade-off	between	a	few	high	quality	relationships	and	many	lower	quality	

relationships	(Taborsky	and	Oliveira	2012).		Previous	research	using	SNA	within	

populations	of	great	tits	(Aplin	et	al.	2013)	and	three-spined	stickleback	(Pike	et	al.	

2008)	found	a	similar	trend	where	bold,	exploratory	individuals	have	many	low	

quality	relationships,	but	shy	slow-exploring	individuals	have	a	few	high	quality	

relationships.		While	CASJ	social	competence	requires	repeated	interactions	with	

one	conspecific,	MEJA	experience	larger	group	sizes,	dominance	hierarchies	and	

overlapping	generations.		Social	competence	in	this	system	may	lead	to	fewer	

interactions	with	more	conspecifics	and	could	require	increased	memory	capacity	

or	cognitive	load	for	individual	identification	and	abilities	like	transitive	inference	to	

track	the	dominance	hierarchy	(Seyfarth	and	Cheney	2015).		Since	MEJA	do	not	form	
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long-term	monogamous	mate-pairs,	there	may	be	no	need	for	directed	social	

attention	towards	the	mate.		In	contrast,	there	might	be	selection	against	especially	

strong	dyadic	relationships	in	MEJA	because	individual	fitness	and	group	

functioning	requires	labile	responses	to	social	information	from	any	flock	member	

(Brosnan	et	al.	2010).		All	MEJA	flock	members	are	vigilant	for	predators,	

communicate	a	threat	or	new	food	source,	and	help	to	feed	and	protect	the	young	

after	hatching	(Brown	1994).		Similarly,	diffuse	social	attention	permits	more	

opportunities	for	scrounging,	an	important	individual	benefit	of	social	life	

(Giraldeau	and	Caraco	2000;	McCormack	et	al.	2007).		If	there	were	preferred	strong	

relationships,	then	flock-level	coordination	for	cooperative	breeding,	foraging,	and	

predator	defense	could	decrease	(Brosnan	et	al.	2010;	Couzin	2009;	Webster	and	

Ward	2011).		Future	comparative	research	should	investigate	more	closely	the	link	

between	social	competence	and	cooperation	at	both	the	dyadic	and	group	levels.	

The	current	field	of	SNA	has	rarely	been	used	in	a	comparative	framework.		

This	is	largely	due	to	a	few	quantitative	challenges.	Association	data	are	inherently	

non-independent,	which	can	artificially	result	in	significant	p-values	from	

parametric	statistical	models	if	not	addressed	(Croft	et	al.	2011).		Consequently,	we	

assessed	whether	our	species	differences	were	significant	by	comparing	observed	

coefficients	describing	the	species	effect	to	coefficients	obtained	from	null	models	of	

systematically	randomized	data.		Secondly,	many	network	metrics	change	with	

sample	size	or	number	of	edges	(Croft	et	al.	2008).		Although	the	number	of	jays	

observed	in	each	species	was	different,	the	edge	density	(proportion	of	actual	

associations	out	of	total	possible	associations	among	all	individuals	in	the	
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population)	was	very	similar	(MEJA	density	=	0.08;	CASJ	density	=	0.03),	and	so	

likely	had	little	effect	on	our	findings.		The	observed	difference	in	density	between	

our	species	is	much	smaller	than	what	has	previously	been	compared	in	other	taxa	

(Faust	2006).		As	a	result,	we	believe	the	findings	presented	here	are	ecologically	

valid.	

We	have	shown	that	it	is	dangerous	to	assume	that	individuals	in	groups	

exhibiting	broadly	defined	characteristics	of	social	complexity	are	also	associating	

more	frequently	and	closely.		These	results	have	important	implications	for	research	

on	the	evolution	of	sociality,	complex	cognitive	abilities	and	social	competence.		

Researchers	comparing	species,	especially	to	make	inferences	about	the	evolution	of	

cognitive	abilities,	should	measure	sociality	at	the	individual	and	group-level.		Our	

system	compared	two	species	with	very	different	group	sizes,	but	it	would	be	

interesting	to	quantify	dyadic	relationships	in	species	with	a	range	of	intermediate	

group	sizes	to	test	if	there	is	an	upper	limit	on	number	of	associates	with	which	one	

can	maintain	a	high	quality	relationship	(Sutcliffe	et	al.	2012).		Furthermore,	future	

research	could	compare	species	that	live	in	groups	of	similar	sizes,	but	that	vary	in	

characteristics	such	as	dominance	hierarchies,	reproductive	skew,	or	cooperative	

behaviors	to	better	understand	when	social	complexity	necessitates	high	levels	of	

social	competence.	
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Figures	
	

	
	
	
	
	
	
	

A.	Mexican	Jay	 B.	California	Scrub-Jay	

Figure	1:	Non-agonistic	social	network	graphs	for	A)	Mexican	Jays	(MEJA),	and	B)	

California	Scrub-Jays	(CASJ).		Size	of	node	corresponds	to	jay	age,	where	the	smallest	

nodes	are	age	0	(a	hatch	year	bird).		Color	of	the	node	indicates	the	breeding	status	

of	the	jay	where	red	is	a	breeding	female,	blue	is	a	breeding	male,	green	is	a	non-

sexually	mature	juvenile,	and	grey	is	a	jay	of	unknown	status	(only	MEJA).		The	

edges	between	nodes	are	weighted	by	our	association	index,	and	thicker	lines	

represent	dyads	that	associated	more	closely	and	frequently.	
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Species differences in network metrics

A.	Degree	 B.	Edge	weight	 C.	Strength	

Figure	2:	Boxplots	showing	the	difference	in	network	metrics	between	California	

Scrub-Jays	(CASJ)	and	Mexican	Jays	(MEJA).		All	y-values	were	log-transformed	for	

readability	and	normality.		Note	that	there	appears	to	be	no	difference	in	edge	

weights	between	species.		However,	when	we	compare	our	observed	effect	to	that	

expected	from	random	networks	we	find	a	statistically	significant	species	difference.	
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Distribution of coefficient values from randomized data

Figure	3:	To	assess	significance	of	the	difference	between	Mexican	Jay	(MEJA)	and	

California	Scrub-Jay	(CASJ)	network	metrics,	we	created	10,000	datasets	where	the	

species	label	for	each	node	was	randomized.		These	histograms	show	the	coefficient	

describing	the	effect	of	MEJA	network	metrics	in	relation	to	CASJ	for	the	randomized	

data.		The	vertical	red	line	indicates	our	observed	coefficient	value.		

A.	Degree	 B.	Edge	weight	 C.	Strength	
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Supplementary	material	
	

We	classified	individual	MEJA	by	several	attributes	that	have	previously	been	

found	to	relate	to	social	network	position	(Krause	et	al.	2015):	Dominance	rank,	

breeding	status,	and	age.			

A.	Dominance	rank:	We	conducted	scramble	competition	assays	where	jays	

competed	with	group-mates	for	access	to	peanuts	from	a	container	that	could	be	

monopolized.		We	calculated	a	dominance	rank	as	the	number	of	displacements	an	

individual	initiated	compared	to	its	flock-mates.		Dominance	was	not	correlated	

with	age.	

B.	Breeding	status:	MEJA	are	not	sexually	dimorphic,	only	a	few	adults	in	the	

flock	breed	each	season,	and	all	group	members	feed	nestlings	once	they	hatch.		

Therefore	breeding	status	can	only	be	assigned	based	on	observation	of	nest	

building,	copulation,	female	incubation,	or	a	male	mate-feeding	an	incubating	

female.		Jays	two	years	and	younger	(juveniles)	did	not	attempt	to	breed	but	are	

identifiable	by	white	coloration	on	the	beak.		We	labeled	all	other	individuals	as	

unknown	breeding	status.			

C.	Age:	We	looked	at	the	effect	of	age	as	a	continuous	numeric	variable	as	well	

as	a	dichotomized	factor	variable.		We	created	the	factor	age	variable	by	dividing	

MEJA	into	juveniles	(2	years	old	and	younger),	and	adults	(jays	3	years	and	older).	

1.	MEJA	degree	and	strength	

We	ran	linear	regression	models	for	log-transformed	strength	values,	and	

Poisson	regression	for	degree	values	as	the	dependent	variables.	We	incorporated	

the	above	attributes	as	fixed	effects.	MEJA	network	metric	values	were	unrelated	to	
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individual	attributes	(Table	1).		Given	the	correlations	in	other	taxa	between	

network	metrics	and	attributes,	it’s	possible	that	missing	attribute	values	in	our	

data	are	obscuring	significant	relationships	(Table	2).			

Results	are	similarly	non-significant	when	we	compared	the	observed	

coefficients	from	the	models	in	Table	1	to	the	coefficients	resulting	from	identical	

models	run	on	10,000	random	datasets.		We	created	random	datasets	by	permuting	

observed	social	network	ties	within	flocks	and	recalculating	strength	and	degree.	

2.	Assortativity	of	MEJA	network	ties	

	 Two	hypotheses	explain	the	evolution	of	cooperation	in	groups,	with	

different	predictions	about	the	type	of	social	interactions	that	would	occur	

(reviewed	in	Brown	1987).		The	“skill	development”	hypothesis	posits	that	non-

breeding	adults	may	forgo	dispersal	and	personal	fitness	by	remaining	in	their	natal	

group	to	gain	skills	that	will	help	them	live	longer	and	become	more	successful	

breeders	in	the	future.		Alternatively,	non-breeding	adults	could	“pay-to-stay”	on	the	

territory	so	that	they	may	eventually	rise	in	rank	to	the	breeding	position.			

We	tested	these	hypotheses	by	comparing	the	edge	weight	(relationship	

quality)	between	jays	in	relation	to	the	dyadic	similarity	or	dissimilarity	of	the	

attributes	we	measured.		If	the	skill-development	hypothesis	is	supported	in	MEJA,	

we	expect	non-breeding	jays	will	have	no	preferential	associations	with	jays	of	

certain	breeding	status	or	dominance	rank	because	they	can	learn	skills	from	group	

members	with	high	or	low	dominance,	breeder	or	non-breeder	status.		Moreover,	

we	expect	to	see	a	positive	relationship	between	edge	weight	and	difference	in	age,	

or	higher	weights	between	adult-juvenile	dyads	than	juvenile-juvenile	dyads.		Young	
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jays	likely	cannot	learn	skills	from	the	youngest	jays,	and	so	will	associate	more	with	

older	jays.		In	contrast,	if	the	pay-to-stay	hypothesis	is	supported,	we	will	see	the	

edge	weights	between	dyads	of	disassortative	breeding	status,	dominance,	and	age	

will	be	significantly	higher.	To	prevent	eviction	from	the	group,	non-breeding	jays	

will	show	frequent	associations	with	dominant	individuals	and	breeders	because	

there	would	be	coordination	of	cooperative	activities	such	as	feeding	nestlings	and	

fledglings,	and	defending	the	territory.		

To	test	if	non-breeders	have	preferential	ties	to	breeders	we	excluded	dyads	

where	both	jays	were	of	unknown	breeding	status,	and	dyads	comprised	of	both	

breeding	individuals.		We	used	linear	regression	of	log-transformed	edge	weight	

values	to	determine	the	coefficient	comparing	non-breeder	associations	with	

breeders	to	non-breeder	associations	with	other	non-breeders.	Similarly,	we	

modeled	whether	juvenile	class	jays	(ages	2	and	below)	have	greater	edge	weight	

values	when	associating	with	adults	(ages	3	and	above)	than	when	associating	with	

other	juveniles,	and	adult-adult	dyads	were	excluded.		Additionally,	we	looked	for	a	

general	trend	of	increased	edge	weight	value	with	increased	difference	in	numeric	

age	of	the	dyad	members.		Finally,	we	tested	if	jays	associate	most	with	those	of	

higher	dominance	status	by	using	a	fixed	effect	of	a	dominance	difference	score	for	

each	dyad.		We	compared	our	observed	coefficients	to	the	distribution	of	

coefficients	generated	from	10,000	permuted	datasets.			

We	did	not	find	evidence	that	non-breeding	jays	are	associating	specifically	

with	breeding	jays	rather	than	other	non-breeders,	or	that	juvenile	class	jays	

associate	more	with	adult	jays	than	with	other	juveniles	(Table	3).		Additionally,	we	
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found	no	relationship	between	edge	weight	values	and	the	dominance	difference	

score,	or	age	difference	score	for	the	dyad.		Although	it	is	possible	that	our	null	

results	indicate	some	support	for	the	skill-development	hypothesis,	further	

evidence	is	needed	to	definitely	claim	social	association	trends	support	either	of	the	

hypotheses.	

3.	Consistency	in	MEJA	network	position	over	time	and	after	a	disturbance	

	 It’s	possible	that	stable	social	groups	will	fragment	after	a	disturbance	or	loss	

of	a	particularly	central	individual	(Flack	et	al.	2006).		Additionally,	in	groups	where	

there	is	reproductive	skew	and	only	a	few	dominant	individuals	breed,	there	may	be	

changes	to	the	social	network	across	the	breeding	season	as	sexual	selection,	

courtship,	and	competition	occur.		To	see	if	individuals	differed	in	their	place	within	

the	network	over	time,	I	divided	the	data	for	each	individual	before	and	after	the	

captive	period	for	their	flock.		I	only	took	jays	into	captivity	after	the	breeding	

season,	so	this	corresponds	to	differences	in	network	position	during	breeding	and	

non-breeding.		I	had	5	flocks	where	I	held	two	jays	per	flock	in	captivity	for	3	weeks	

(manipulated/Experimental	treatment),	and	2	flocks	that	were	undisturbed	

(unmanipulated/Control	treatment)	for	the	entire	season.		I	split	the	data	of	each	

individual	from	the	two	unmanipulated	groups,	GA	and	HI,	at	the	same	time	point	as	

the	periods	of	captivity	for	the	manipulated	groups	(see	Table	4).		

I	re-calculated	the	association	index	(edge	weights)	and	social	network	

metrics	Degree	(number	of	associating	jays),	Strength	(sum	of	the	edge	weight	

values	of	all	associated	jays),	and	Betweenness	(the	number	of	ties/paths/edges	

connecting	other	jays	that	pass	through	the	focal	jay).		However,	this	resulted	in	a	
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sample	size	decreased	by	half,	and	some	jays	disappeared	during	the	post-captivity	

period	or	where	not	banded	in	the	pre-captivity	period,	so	cannot	be	included	in	the	

comparison.		Our	interpretation	of	whether	there	are	any	changes	in	network	

structure	pre-	and	post-captivity	could	be	affected	by	number	of	observations,	and	

due	to	a	time	limited	field	season	the	observations	are	unequally	distributed	with	

more	conducted	pre-	than	post-captivity.		Therefore	it	is	possible	I	did	not	detect	

enough	associations	post-captivity	to	calculate	reliable	and	robust	network	metrics.		

To	see	if	network	metrics	are	susceptible	to	sample	size	I	calculated	the	

network	metrics	for	each	individual	after	including	additional	focal	observations.	I	

did	find	that	network	metrics	change	as	the	number	of	observations	increase	(Fig.	

4).		Degree	values	from	2	and	3	observations	are	significantly	different	than	values	

from	4,	5,	and	6	observations.	For	strength,	values	from	5	and	6	observations	are	

significantly	less	than	values	from	only	1	or	2	observations.		However	there	was	no	

difference	in	betweenness	across	observation	number.		This	indicates	that	measures	

of	degree	and	strength	are	likely	not	reliable	from	the	divided	pre-	and	post-

captivity	data.	

To	compare	network	metrics	from	experimental	and	control	groups,	I	

subtracted	the	pre-captivity	metric	from	the	post-captivity	metric	to	get	a	difference	

score	where	positive	means	the	network	metric	got	larger	and	negative	means	it	got	

smaller	in	the	non-breeding	season/post-captivity	period.		Experimental	and	control	

groups	do	not	differ	in	the	amount	of	metric	change	pre-	and	post-captivity,	except	

strength	increased	in	the	experimental	groups	post-captivity	compared	to	control	
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group	strength	which	didn’t	change	(Fig.	5).		However,	this	is	attributable	to	Flock	

differences	and	the	significance	disappears	with	inclusion	of	a	Flock	random	effect.	

In	only	the	manipulated	groups,	I	looked	at	the	correlation	between	network	

metric	rank	order	within	the	flock	before	and	after	the	captive	period	of	the	

removed	jays,	and	the	jays	that	remained	in	the	flocks	to	see	if	network	position	

within	the	flock	was	affected	by	the	removal.		Removing	the	jays	into	captivity	

resulted	in	a	change	in	their	network	position	when	they	were	released	back	into	

their	groups	-	there	was	not	a	correlation	in	pre-	and	post-captivity	metric	rank	

order	(Table	5).		Jays	that	remained	in	the	group	mostly	retained	their	network	

position,	as	indicated	by	the	significant	correlations	for	Degree	and	Betweenness	

rank	order	scores.		Strength	does	differ,	however	the	sample	size	of	captive	jays	is	

very	small	(n	=	7),	and	the	correlation	coefficient	for	strength	is	high	(Table	5).		So,	it	

is	unclear	if	there	are	enough	data	to	detect	all	associations	in	the	post-captivity	

period	to	yield	reliable	network	metrics.		Overall,	most	removed	jays	became	less	

central	after	captivity	compared	to	pre-captivity,	and	the	two	jays	that	became	more	

central	were	among	the	least	dominant	in	their	flocks	pre-captivity	(Fig.	6).	
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Supplemental	tables	and	figures	

Table	1:	Results	from	regression	models	of	network	metrics	on	attribute	variables.	
SE	stands	for	standard	error.	We	log-transformed	Strength	to	use	linear	regression,	
and	used	Poisson	regression	for	the	dependent	variable	Degree.	

Strength	Models	 Estimate	 SE	 p-value	
Strength	~	Dominance	rank	 0.44	 0.51	 0.40	
Strength	~	Breeding	status	(F)	
																						Breeding	status	(M)	
																						Breeding	status	(J)	
																						Breeding	status	(UNK)	

0.90	
-0.60	
-0.22	
-0.34	

0.27	
0.34	
0.32	
0.37	

0.47	
0.13	
0.49	
0.34	

Strength	~	Age	(factor)	 0.12	 0.25	 0.64	
Strength	~	Age	(numeric)	 -0.01	 0.05	 0.83	
Degree	Models	 	 	 	
Degree	~	Dominance	rank	 -0.07	 0.21	 0.72	
Degree	~	Breeding	status	(F)	
																			Breeding	status	(M)	
																			Breeding	status	(J)	
																			Breeding	status	(UNK)	

1.79	
-0.22	
-0.03	
0.11	

0.12	
0.18	
0.14	
0.16	

0.26	
0.22	
0.83	
0.47	

Degree	~	Age	(factor)	 0.008	 0.11	 0.94	
Degree	~	Age	(numeric)	 0.003	 0.02	 0.90	
	

	

	

Table	2:	The	raw	number,	and	the	percent	of	the	total	attribute	values	that	are	
unknown	or	missing	in	the	Mexican	Jay	population	(n	=	73).	

Attribute	 Number	unknown	 Percent	
Age		 0	 0	
Dominance	rank	 22	 30	
Breeding	status	 14	 19	
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Table	3:	Output	of	models	testing	for	assortativity	of	ties	by	attributes.	The	
dependent	variable	was	the	log-transformed	edge	weight	value	of	a	dyad.		The	p-
value	of	permutation	tests	is	calculated	as	the	number	of	coefficient	values	from	the	
permuted	data	that	are	more	extreme	than	the	observed	coefficient,	divided	by	the	
number	of	datasets.	

Model	parameter	 Coefficient	 p-value	
Non-breeder	assortativity	 -0.16	 0.36	
Age	class	assortativity	 -0.70	 0.19	
Numeric	age	assortativity	 -0.01	 0.41	
Dominance	assortativity	 -0.84	 0.08	
	 	
	
	
	
Table	4:	Dates	and	duration	of	captivity	for	experimental	flocks.		We	split	Control	
flocks	HI	and	GA	at	identical	dates	to	create	pre-	and	post-captivity	categories	for	
these	unmanipulated	flocks.	
Date	 Flocks	in	Captivity	
19	July	-	10	Aug	 TA	
11	Aug	-	1	Sept	 UC,	CO,	(HI	split	here)	
1	Sept	-	22	Sept	 KI,	XM,	(GA	split	here)	
	
	
	
	
Table	5:	Correlation	coefficients	and	significance	values	of	individual	network	
metrics	pre-	and	post-	the	captive	period.		We	analyzed	jays	taken	into	captivity	
(Captive),	and	jays	left	in	the	flock	(Non-Captive)	separately.	
Captive	 r	 p	
Degree	 0.25	 0.59	
Strength	 0.63	 0.13	
Betweenness	 -0.05	 0.90	
Non-Captive	 r	 p	
Degree	 0.45	 0.001	
Strength	 0.22	 0.13	
Betweenness	 0.40	 0.01	
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Figure	4:	Boxplots	show	the	change	in	network	metrics	Degree,	Strength	and	

Betweenness	of	individual	jays	as	more	focal	observation	data	are	added.	

	

	

	
	

	
Figure	5:	Boxplots	show	the	differences	in	network	metrics	Degree,	Strength,	and	

Betweenness	of	groups	in	each	of	the	treatment	conditions.	

	

Change	in	network	metric	values	with	increasing	samples	
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Figure	6:	Change	in	network	metric	rank-order	position	of	jays	that	were	taken	into	

captivity.		Most	jays	became	less	central	(below	the	horizontal	line),	but	the	two	that	

became	more	central	are	also	the	least	dominant	in	their	group.	
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Abstract			

The	recent	surge	in	research	seeking	to	quantify	animal	cognitive	abilities	

across	taxa	has	revealed	surprising	similarities	and	differences	among	species.		

Frequently,	experimental	designs	for	quantifying	animal	cognition	are	adapted	from	

human	developmental	cognition	literature,	and	conducted	on	lab-reared	subjects.		

While	results	from	these	types	of	controlled	studies	have	some	merit	for	

understanding	how	human	cognitive	development	directly	compares	to	that	of	lab	

animals,	the	ecological	validity	and	generalizability	are	severely	limited.		These	

studies	assume	that	performance	on	lab-based	assessments	accurately	represents	

abilities	of	wild	conspecifics,	however	this	assumption	is	rarely	tested.		In	this	

experiment,	we	used	the	same	apparatus	to	experimentally	quantify	performance	of	

wild	and	captive	subjects	on	a	simple	individual	learning	task.		We	found	that	

performance	is	not	equivalent,	and	wild	subjects	were	faster	learners.		These	results	

are	contrary	to	other	studies	directly	comparing	wild	and	captive	performance,	

which	have	found	that	captive	subjects	perform	better.		However,	together	these	

results	indicate	that	we	cannot	assume	captive	animal	cognitive	performance	is	
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equal	to	wild	conspecifics.		In	order	to	understand	environmental	factors	

contributing	to	the	evolution	of	cognition,	or	the	importance	of	cognition	to	

behavioral	ecology	and	conservation	management	strategies,	it	is	necessary	to	

quantify	ecologically	relevant	abilities	on	animals	in	their	natural	environment.	

Introduction		

Research	over	the	past	40	years	has	sought	to	quantify	animal	learning	and	

cognitive	abilities	in	order	to	understand	the	evolution	of	complex	cognition.		

However,	recent	commentary	(i.e.	Kendal	et	al.	2010;	Shettleworth	2010)	in	

comparative	cognition	encourages	scientists	to	improve	the	ecological	validity	of	

their	experimental	designs	for	several	reasons.		First,	animal	taxa	evolve	in	

environments	with	very	distinct	perceptual	and	cognitive	challenges	to	those	of	

humans.		Yet	many	of	the	questions	and	research	designs	to	assess	animal	cognition	

have	been	borrowed	from	the	human	developmental	cognition	field	rather	than	

created	with	the	perspective	of	the	specific	animal	species	in	mind.		For	example,	

assessments	of	Piaget’s	levels	of	object	permanence	(Piaget	1954)	have	been	

translated	nearly	identically	to	animal	subjects	in	several	taxa	such	as	primates	(de	

Blois	and	Novak	1994),	birds	(Pepperberg	et	al.	1997),	and	dogs	(Gagnon	and	Doré	

1994).		Applying	assessments	created	for	humans	to	animals	can	illuminate	areas	of	

surprising	similarity	in	cognitive	ability	(Wood	et	al.	1980),	or	even	abilities	in	

which	animals	excel	over	humans	(Barth	and	Call	2006).		However	failure	of	animal	

subjects	at	these	assessments	is	difficult	to	interpret	because	it	could	imply	either	1)	

that	the	experimental	paradigm	was	not	ecologically	relevant	or	behaviorally	
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appropriate	to	the	animal	subject,	or	2)	the	cognitive	ability	does	not	exist	in	that	

species.	

The	second	way	in	which	animal	cognition	studies	could	still	fail	to	produce	

ecologically	valid	results	is	that	the	majority	of	experiments	are	conducted	with	

captive	subjects.		Cognitive	assessments	on	animals	in	captivity	have	the	advantage	

of	being	tightly	controlled	so	that	there	are	few	alternative	explanations	to	confound	

the	observed	results.		Assessments	in	the	wild	often	cannot	control	variation	in	

performance	due	to	food	motivation,	predator	vigilance,	or	social	factors	such	as	

competition	(Shettleworth	2010).		However,	because	of	the	tight	controls	and	the	

complex	or	contrived	nature	of	some	lab-based	experiments,	it	is	difficult	to	apply	

those	findings	to	wild	conspecifics,	or	even	replicate	results	in	other	captive	animals	

(Shettleworth	2010).		For	example,	in	search	for	evidence	of	theory-of-mind	abilities	

in	animals,	primate	researchers	have	developed	increasingly	elaborate	experiments	

for	captive	primates,	some	of	which	involve	the	human	experimenter	wearing	a	

bucket	over	the	head	(e.g.	Call	and	Tomasello	2008).		Results	from	these	studies	

indicate	primates	have	many	of	the	same	theory-of-mind	abilities	as	humans,	but	

could	not	be	replicated	in	other	labs	(Penn	and	Povinelli	2007;	Povinelli	and	Vonk	

2004).		This	is	likely	due	to	the	individual	experience	of	those	specific	captive	

primates	with	the	researchers,	experimental	equipment,	and	carry	over	effects	of	

previous	training.		

Relatively	few	studies	have	used	the	same	assessment	to	quantify	cognitive	

performance	of	lab-based	and	wild,	free-living	subjects	(Benson-Amram	et	al.	2013;	

Bouchard	et	al.	2007;	Gajdon	et	al.	2006;	Morand-Ferron	et	al.	2011;	Webster	and	
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Lefebvre	2001).		Of	these,	only	one	statistically	compared	performance	of	subjects	in	

each	condition	(Benson-Amram	et	al.	2013),	and	found	that	hyenas	born	in	a	

research	facility	out-performed	wild	hyenas	on	a	puzzle	box	task,	likely	because	of	

background	experience	with	novel	man-made	objects.		Subjects	that	are	born	in	

captivity,	or	have	lived	the	majority	of	their	life	confined,	experience	completely	

different	ontogenetic	environments	and	learning	opportunities	(also	see	van	de	

Waal	and	Bshary	2011).		These	subjects	will	approach	assessments	with	

background	experience	that	does	not	exist	in	their	wild	counterparts,	leading	to	

results	that	cannot	be	generalized	to	the	species	as	a	whole.			

Researchers	may	still	be	able	to	take	advantage	of	the	strict	control	of	

assessments	in	the	lab	environment,	while	avoiding	confounds	of	differences	in	

previous	experience,	by	taking	wild	individuals	temporarily	into	captivity	(Morand-

Ferron	et	al.	2016).		Research	on	great	tits	and	blue	tits	first	tested	solving	ability	of	

birds	temporarily	held	in	captivity,	then	measured	performance	in	the	wild	after	

release	(Morand-Ferron	et	al.	2011).		Results	showed	that	performance	of	

previously	captive	individuals	was	similar	to	that	of	wild	conspecifics	that	had	never	

seen	the	task.		However,	the	task	in	the	wild	was	slightly	different	from	the	one	

given	to	subjects	in	captivity,	making	it	difficult	to	directly	compare	performance	

and	assess	the	effect	of	temporary	captivity.		To	our	knowledge,	no	other	previous	

research	has	directly	compared	performance	of	subjects	temporarily	held	in	

captivity	to	performance	of	free-living	conspecifics	on	the	same	task.			

Here	we	conducted	simple	learning	assessments	on	Mexican	Jays	

(Aphelocoma	wollweberi;	hereafter	“jays”)	in	the	wild,	and	on	subjects	held	in	
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captivity	for	less	than	3	weeks.		Assessments	were	conducted	simultaneously,	in	the	

same	local	environment,	so	that	there	would	be	no	seasonal	effects	on	motivation	or	

performance.		We	evaluated	the	support	for	three	competing	hypotheses:	1)	testing	

subjects	temporarily	in	captivity,	with	equivalent	background	experiences	to	wild	

conspecifics,	will	result	in	no	differences	in	performance	(e.g.,	Morand-Ferron	et	al.	

2011);	2)	the	temporary	captive	environment,	where	we	control	food	motivation	

and	limit	distractions	from	predators	or	competitors,	will	result	in	increased	

performance	of	captive	individuals	relative	to	wild	conspecifics;	and	3)	the	

experience	of	capture	and	removal	into	a	novel	space	for	temporary	captivity	itself	

could	negatively	affect	performance	of	captive	jays	relative	to	free-flying	

conspecifics.		These	results	will	inform	the	validity	of	lab-based	assessments	of	

cognition	and	whether	it	is	appropriate	to	assume	performance	of	captive	

individuals	is	equivalent	to	likely	performance	of	wild	conspecifics.		

Methods			

Experimental	setup:	We	used	a	simple	puzzle	box	task	to	quantify	jay	

individual	learning	ability	(Fig.	1).		This	species	lives	in	stable	flocks	of	5	–	25	jays	on	

a	year-round	territory.		Within	the	flock	there	are	overlapping	generations,	a	

dominance	hierarchy,	and	communal	cooperative	breeding	(Brown	1994).		From	

May	–	September	2015	we	conducted	learning	trials	in	7	flocks	around	the	

Southwestern	Research	Station,	near	Portal,	AZ.		All	individuals	were	color-banded	

for	individual	identification,	and	trained	to	come	to	a	whistle	for	food,	which	

ensured	timely	participation	in	the	task.			
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Our	puzzle	box	was	created	out	of	a	log,	to	mimic	natural	extractive	foraging	

for	grubs	or	cache-recovery	behaviors	(Brown	1994).		We	created	four	food-holding	

compartments	in	the	log,	covered	by	transparent	doors	that	open	in	different	ways	

(Fig.	1).		This	apparatus	allows	us	to	test	how	quickly	individuals	can	learn	through	

trial-and-error	about	the	affordances	of	the	puzzle	box	doors.		The	four	diverse	

doors	engaged	individuals	that	varied	in	their	initial	motivation	to	interact	with	

different	opening	methods	at	distinct	locations	on	the	puzzle	box,	and	allowed	us	to	

determine	whether	learning	performance	was	repeatable	across	options	(Griffin	et	

al.	2015).		On	the	territory	of	each	flock,	we	initially	allowed	the	group	access	to	the	

open	puzzle	box	filled	with	peanuts	until	they	habituated	to	this	new	food	source.		

We	progressed	with	the	learning	trials	only	after	all	jays	were	eating	comfortably	

from	all	compartments	in	the	puzzle	box.		

Two	jays	from	each	of	5	out	of	the	7	flocks	were	chosen	for	captivity	based	on	

a	relatively	high	position	in	the	dominance	hierarchy	(see	supplementary	material).		

To	decrease	stress	from	social	isolation	while	in	captivity,	we	held	two	jays	per	flock	

in	an	aviary.		We	trapped	the	pair	of	jays	from	a	particular	flock	in	the	same	day,	and	

transported	them	immediately	to	large	aviaries	on	the	research	station	campus.		

Aviaries	were	constructed	of	sturdy	metal	grating,	with	a	natural	dirt	floor	and	

ground	vegetation,	and	averaged	8	feet	wide	x	10	feet	long	x	12	feet	high.		An	

enclosed,	connected	room	allowed	visual	and	physical	access	to	the	aviaries	through	

a	one-way	window.		We	outfitted	aviaries	with	a	table	near	the	window,	many	

branches	with	foliage	including	acorns	(when	in	season),	and	a	tarp	attached	to	the	

ceiling	and	part	of	the	walls	to	give	jays	the	option	for	shelter.		Jays	were	fed	a	
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maintenance	diet	of	moistened	cat	food,	fruit	chunks,	mixed	seed,	live	arthropods	

when	possible,	and	peanuts.		They	also	had	constant	access	to	a	wide	shallow	dish	of	

water	for	drinking	and	bathing.		We	did	not	start	trials	until	jays	habituated	to	

captivity.	We	assessed	habituation	as	eating	comfortably	(no	jumpiness)	from	food	

dishes	and	the	open	puzzle	box	on	the	table	near	the	window,	normal	caching	and	

preening	behaviors	within	the	aviary,	and	foraging	on	the	foliage	with	acorns.		All	

jays	began	exhibiting	these	behaviors	indicative	of	habituation	within	48	hours	of	

their	introduction	into	the	aviaries.		We	used	meal	worms	(Tenebrio	mollitor)	and	

wax	worms	(Galleria	mellonella)	as	the	reward	inside	the	puzzle	box,	because	jays	

cached	peanuts	around	the	aviary	and	were	not	motivated	to	interact	with	the	task	

for	peanuts.		We	conducted	trials	on	jays	in	captivity	each	morning,	before	9am,	and	

jays	were	given	their	maintenance	diet	immediately	after.		Captive	jays	were	

released	back	to	their	flock	after	3	weeks	in	the	aviaries.			

Data	collection:	We	conducted	learning	trials	identically	for	10	captive	and	7	

wild	jays.		Immediately	prior	to	each	trial	attempt,	we	put	out	the	puzzle	box	with	

one	food	item	in	each	compartment	and	the	doors	open.		If	subjects	came	within	10	

minutes	and	ate	comfortably	from	the	puzzle	box,	we	closed	the	doors	and	began	

the	trial.		Wild,	free-flying	jay	subjects	were	chosen	pseudo-randomly	at	the	start	of	

the	first	trial	as	the	very	first	wild	jay	from	each	of	the	7	flocks	that	came	to	contact	

the	puzzle	box	after	the	doors	had	been	closed.		All	other	jays	in	that	flock	were	

discouraged	from	coming	near	by	blocking	access	to	the	box,	walking	towards	them	

or	tossing	sticks	in	their	direction	until	they	moved	away.		Wild	jays	were	tested	

during	the	3	weeks	that	their	group-mates	were	in	captivity.	
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Once	the	trial	began,	we	recorded	the	duration	the	subject	spent	within	2m	of	

the	puzzle	box,	if	it	touched	a	door	with	foot	or	beak	(attempt),	if	it	successfully	

opened	a	door	and	retrieved	the	food	item	(solve),	and	latency	to	each	solve.		Video	

clips	of	jays	interacting	with	the	puzzle	box	are	available	in	the	online	

supplementary	material.		We	manually	closed	doors	and	refilled	compartments	after	

a	jay	successfully	opened	it.		A	subject	was	allowed	to	solve	a	given	door	3	times,	

after	which	that	door	was	emptied	and	remained	open	for	the	rest	of	the	trials.		In	

this	way,	we	assumed	that	the	opening	event	occurred	because	the	jay	learned	the	

affordance	of	that	door	and	replicated	the	behavior,	rather	than	accidentally	

opening	it.		Additionally,	now	the	subject	had	to	attempt	on	other	doors	to	continue	

getting	food	rewards,	so	we	could	measure	repeatability	of	learning	performance.		

Each	trial	was	up	to	2	hours	long.		If	jays	lost	interest	and	did	not	return	within	2m	

of	the	puzzle	box	for	30	minutes,	the	trial	was	ended	early.		We	conducted	a	

maximum	of	6	trials	on	each	subject,	though	some	jays	had	fewer	trials	because	they	

had	already	opened	all	4	doors	on	the	puzzle	box	3	times	(for	a	total	of	12	solves).		

All	methods	were	first	approved	by	the	University	of	Washington	Institutional	

Animal	Care	and	Use	Committee	(protocol	#4064-03),	the	Arizona	Game	and	Fish	

Department	(permit	#SP697293),	and	U.S.	Fish	and	Wildlife	(permit	#MB51894B-

0).	

Statistical	analyses:	All	analyses	were	conducted	in	RStudio	(RStudio	Team	

2015).		We	used	Poisson	regression	and	the	glm	function	in	the	stats	base	package	

of	RStudio	to	analyze	the	total	number	of	successful	openings	for	jays	in	each	

treatment	(captive	vs.	wild).		We	included	an	offset	for	time	within	2m	to	account	
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for	variable	motivation	and	distractions	that	might	decrease	attendance	to	the	task.		

To	further	clarify	mechanisms	contributing	to	performance,	we	conducted	an	

additional	Poisson	regression	to	quantify	the	total	number	of	attempts	on	puzzle	

box	doors	as	a	function	of	treatment,	including	a	time	offset.		Our	hypotheses	predict	

not	only	a	difference	in	number	of	solves,	but	also	a	difference	in	the	rate	of	solving	

performance.		Therefore	we	used	the	coxme	package	(Therneau	2018)	and	cox	

proportional	hazard	survival	models	with	ID	as	a	random	effect	and	treatment	as	

the	stratification	variable,	to	compare	the	rate	of	learning	of	the	two	treatment	

groups.		We	ran	three	models:	the	latency	to	first	solve,	latency	to	last	solve,	and	

given	a	jay	solved	a	door	one	time,	the	time	it	took	after	the	first	solve	for	the	jay	to	

solve	a	door	two	more	times	(time	between	first	and	last	solves).		Finally,	we	

quantified	the	repeatability	of	solving	success	(Griffin	et	al.	2015)	as	the	ability	of	

subjects	to	consistently	switch	to	new	opening	methods	for	the	other	doors,	using	

the	rptR	package	(Nakagawa	and	Schielzeth	2010),	including	treatment	as	a	fixed	

effect	and	jay	ID	as	a	random	effect.			

Results			

Jays	from	both	treatments	learned	the	affordances	of	the	doors.		With	only	

one	exception,	jays	that	solved	any	door	at	least	once	were	able	to	successfully	solve	

that	door	2	more	times	during	the	6	learning	trials.		Over	half	(4/7)	of	the	wild	

subjects	solved	all	of	the	doors;	three	subjects	did	so	in	the	span	of	one	trial.		In	

contrast,	only	3	out	of	the	10	captive	jays	solved	all	of	the	doors	and	none	were	able	

to	do	so	in	fewer	than	3	trials.		After	accounting	for	treatment	condition,	we	found	
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that	door	solving	of	individual	jays	was	significantly	repeatable	(R	=	0.8	±	0.15,	p	=	

0.002),	indicating	that	our	task	assesses	an	inherent	individual	trait.	

Despite	the	fact	that	captive	birds	spent	significantly	more	time	within	2m	of	

the	puzzle	box	(Wild	β	=	0.93,	p	<	0.01),	they	were	worse	at	successfully	opening	

doors.		Wild	subjects	undergoing	trials	in	their	natural	environment	were	more	

persistent	because	they	made	more	attempts	per	total	time	within	2m	on	puzzle	box	

doors	(β	=	1.32,	p	<	0.01;	raw	mean	±	SE:	Wild	=	162.9	±	49.6,	Captive	=	110.1	±	

28.8;	Fig.	2a),	and	had	more	successful	openings	per	time	than	captive	conspecifics	

(Wild	β	=	1.24,	p	<	0.01;	Wild	=	7.4	±	2.0,	Captive	=	5.4	±	1.7;	Fig.	2b).	

These	results	are	even	clearer	in	the	cox	proportional	hazard	models	(Fig.	3).		

The	hazard	ratio	for	the	first	solve	and	last	solve	were	significantly	greater	in	wild	

than	captive	jays	(Table	1;	p	=	0.045	and	p	=	0.047	respectively).		There	was	no	

difference	between	treatment	groups	in	the	time	it	took	jays	to	solve	a	door	for	the	

third	time	after	solving	a	first	time	(Table	1;	p	=	0.23).		

Discussion		

Despite	the	popularity	of	cognitive	assessments	of	captive	animal	subjects,	

very	little	previous	research	has	directly	compared	performance	of	captive	and	wild	

animals.		Yet	captive	animal	studies	assume	performance	represents	abilities	of	wild	

conspecifics.		This	is	problematic	because	captive	subjects,	especially	those	born	or	

long-lived	in	captivity,	likely	have	very	different	previous	experiences	than	wild	

conspecifics	that	govern	engagement	with,	and	performance	on,	cognitive	

assessments.		Other	than	to	understand	how	best	to	enrich	zoo	or	lab	animal	life,	it	

is	important	that	we	understand	actual	cognitive	abilities	exhibited	by	wild	animals	
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for	application	to	conservation	management	strategies	(Greggor	et	al.	2014,	2016),	

and	research	on	the	factors	affecting	brain	evolution	(Bingman	1992).	

Of	studies	that	have	tested	subjects	in	both	captivity	and	the	natural	

environment	on	identical	tasks,	all	have	found	that	captive	animals	out-perform	

wild	conspecifics	in	some	way	(Benson-Amram	et	al.	2013;	Bouchard	et	al.	2007;	

Gajdon	et	al.	2006;	Webster	and	Lefebvre	2001;	except	see	Morand-Ferron	et	al.	

2011	which	found	no	difference	on	slightly	different	tasks).		In	contrast,	we	found	

the	opposite:	wild,	free-living	jays	outperformed	captive	jays.		Even	though	captive	

subjects	spent	more	time	within	2m	of	the	puzzle	box,	and	were	therefore	motivated	

to	engage	with	the	task,	they	made	fewer	attempts	and	had	fewer	successes	per	time	

than	wild	conspecifics.		These	results	support	our	third	hypothesis	that	learning	

performance	while	in	temporary	captivity	could	be	confounded	by	neophobia,	even	

after	a	habituation	period.		It	is	likely	that	captive	jays	performed	fewer	attempts	

and	solves,	and	longer	latency	to	solve	because	of	divided	attention.		Jays	may	be	

trying	to	remain	vigilant	to	possible	danger	in	the	new	environment,	while	also	

trying	to	learn	the	affordances	of	the	puzzle	box	doors	to	achieve	the	food	reward	

(Morand-Ferron	and	Quinn	2011;	Overington	et	al.	2009).		Conversely,	it	is	

interesting	that	wild	jays	performed	so	well	given	the	possibility	of	environmental	

and	social	distractions,	and	our	lack	of	ability	to	control	food	motivation,	which	

together	resulted	in	some	trials	ending	before	the	2hr	limit.				

We	found	significant	individual	differences	in	solving	ability	for	both	captive	

and	wild	jays;	solving	performance	across	door	types	was	highly	repeatable.		This	

generally	indicates	that	some	jays	were	“solvers”,	and	others	were	not.		Inspection	
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of	our	survival	plots	indicates	that	if	a	jay	has	not	solved	a	door	by	the	third	trial	

(after	240	min),	it	is	unlikely	it	will	ever	be	a	solver.		There	are	a	few	possible	

reasons	for	this	trend.		First,	previous	research	in	this	population	has	found	short-

term	consistency	in	producer-scrounger	roles	(McCormack	et	al.	2007).		Role	is	tied	

to	dominance	rank	where	scrounging	tactic	is	most	likely	to	be	used	when	the	

difference	in	dominance	between	producer	and	scrounger	is	large.		However,	the	

probability	of	being	a	solver	was	not	statistically	related	to	dominance	(see	

supplementary	material).		Another	explanation	for	the	repeatability	of	solving	

performance	is	that	the	bolder	jays	are	most	interactive	with	the	puzzle	box	(Carere	

and	Locurto	2011).		Previous	research	in	this	population	did	find	consistent	

individual	differences	in	boldness	towards	a	novel	object	(McCune	et	al.	2018),	but	

boldness	scores	of	our	subjects	were	not	significantly	related	to	success	on	this	task	

(see	supplementary	material).		Future	research	should	evaluate	more	explicitly,	

with	larger	sample	sizes,	the	impact	of	these	factors	on	variation	in	cognitive	

performance.	

To	further	knowledge	on	the	evolution	of	cognition	and	to	understand	the	

source	of	species	differences,	it	is	necessary	to	increase	ecological	validity	of	

experimental	designs.		For	one,	it	is	important	to	design	tasks	that	are	ecologically	

relevant	and	require	appropriate	behavioral	and	perceptual	abilities.		Additionally,	

there	are	many	developmental	or	situational	confounds	that	explain	performance	

on	lab	assessments	that	may	not	be	relevant	in	the	natural	environment,	especially	

for	studies	of	animals	born	or	long-lived	in	captivity.		For	example,	Amram-Benson	

et	al.	(2013)	tested	possible	explanations	for	differences	in	learning	performance	
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and	concluded	that	captive	animals	have	more	experience	receiving	rewards	after	

engaging	in	object-oriented	inspection	behaviors	of	novel,	man-made	objects.		

Furthermore,	frequent	experience	with	novel	objects	during	development	might	

increase	object-oriented	regions	in	the	brain,	resulting	in	captive	animals	with	

cognitive	abilities	that	it	is	not	possible	for	wild	conspecifics	to	possess	(Tomasello	

and	Call	2004;	see	van	de	Waal	and	Bshary	2010	for	a	similar	comparison	of	wild	

rural	verets	to	wild	urban	vervets).		Our	results	on	subjects	temporarily	held	in	

captivity,	combined	with	those	from	studies	on	animals	born	or	long-lived	in	

captivity,	show	that	in	both	of	these	situations	it	is	dangerous	to	generalize	

performance	in	captivity	to	that	of	wild	conspecifics.			
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Tables	and	figures	
	

	
Table	1:	Output	from	the	three	Cox	models	
Model	 Hazard	ratio	 z	 p	
First	solve	 7.17	 2.01	 0.045	
Last	solve	 13.66	 1.99	 0.047	
Time	between	 1.96	 1.2	 0.23	
Hazard	ratio	refers	to	the	likelihood	of	solving	in	the	wild	condition	relative	to	the	captive	condition.		
All	three	models	included	the	random	effect	of	jay	ID.	
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Figure	1:	We	created	our	puzzle	box	from	a	log	by	carving	out	4	compartments	and	

covering	them	with	clear	doors	that	open	in	different	ways.		The	top	door	opens	up	

like	a	hatch.		The	left	door	opens	out	like	a	car	door.		The	front	door	pulls	out	like	a	

drawer,	and	the	door	on	the	right	side	of	the	log	has	a	hinge	at	the	top	and	so	pushes	

in	(in	the	right	photo	it	is	pulled	up	for	the	open,	habituation	phase).	

	
	



	 57	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Attempts Successes
0 100 200 300 400 0.0 2.5 5.0 7.5 10.0 12.5

20

40

60

80

M
in

ut
es

 w
ith

in
 2

m

Condition
Captive

Wild

Figure	2:	Wild	MEJA	subjects	(dark	grey	dots)	made	more	attempts	(A)	and	had	

more	successes	(B)	per	time	than	subjects	tested	in	captivity	(light	grey	dots).	

B.	A.	
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Figure	3:		Survival	plots	showing	the	rate	which	jays	in	each	treatment	solve	a	door	

for	the	first	time	(A),	or	the	last	time	(B),	as	well	as	the	rate	of	learning	illustrated	by	

the	time	between	first	and	last	solves	(C).		Captive	jay	performance	is	shown	in	grey,	

wild	jay	performance	is	in	black.		The	time	to	solve	of	wild	jays	was	shorter	than	that	

for	captive	jays	because	wild	jays	were	more	likely	to	solve	all	doors	sooner,	or	lose	

motivation	to	engage	with	the	task.	

A.	 B.	 C.	
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Supplementary	material	

As	part	of	another	experiment,	we	collected	data	on	dominance	and	boldness	

of	individuals	in	this	population	of	jays.		To	assess	dominance,	we	conducted	

scramble	competition	assays	in	the	territories	of	each	flock.		We	put	peanuts	in	a	

monopolizable	container,	and	observed	for	displacement	behavior	(Barkan	et	al.	

1986).		We	calculated	an	individual’s	dominance	rank	as	the	proportion	of	initiated	

displacements	out	of	total	observed	displacements	for	the	flock.	

	 Methodological	details	of	our	boldness	assay	are	described	elsewhere	

(McCune	et	al.	2018;	Ch.	5	this	document),	so	we	will	give	a	brief	overview	here.		We	

quantified	boldness	using	closest	approach	to	a	novel	object	surrounded	by	peanuts.		

Peanuts	varied	in	distance	from	the	novel	object,	so	bolder	jays	took	more	peanuts	

from	closer	to	the	object	during	trials.		We	found	novel	object	boldness	to	be	

repeatable	after	4	–	11	weeks,	indicating	it	is	a	valid	measure	of	a	personality	trait.	

	 We	categorized	jays	as	“solvers”	if	they	were	able	to	open	at	least	one	door	

three	times.		We	analyzed	the	probability	of	being	a	solver	as	a	function	of	closest	

approach	boldness	score	or	dominance	rank	using	logistic	regression.		Dominance	

rank	of	jays	was	not	statistically	related	to	the	probability	of	being	a	solver	(β	=	-

4.91,	p	=	0.09).		Similarly,	probability	of	being	a	solver	was	also	not	significantly	

related	to	boldness	score	(β	=	1.13,	p	=	0.46).	
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Abstract	

	 Social	cognitive	abilities	such	as	transitive	inference,	theory	of	mind,	or	social	

learning	can	improve	survival	and	fitness	of	individuals	that	live	in	social	groups.		

The	social	intelligence	hypothesis	(SIH)	posits	that	life	in	complex	social	groups	

necessitates	the	evolution	of	these	complex	cognitive	abilities,	and	might	explain	the	

extreme	encephalization	observed	in	humans.		Previous	research	using	broad,	

cross-taxon	comparisons	has	failed	to	find	consistent	support	for	this	hypothesis.		

However,	these	broad	comparisons	suffer	from	several	confounds.		First,	they	have	

used	proxy	measures	of	social	and	cognitive	complexity	such	as	group	size	and	brain	

size.		While	this	allows	many	more	species	to	be	quickly	compared,	it	is	unlikely	that	

measures	of	group	size	and	brain	size	are	analogous	measures	across	species.		

Additionally,	very	little	comparative	cognition	research	evaluates	abilities	of	animal	

subjects	in	their	natural	environments.		As	a	result,	assessments	of	animals	in	the	

lab	may	lead	to	contrived	performance	that	is	not	generalizable	to	the	species	as	a	

whole.		Here	we	conduct	a	rigorous	test	of	the	SIH	by	comparing	social	learning	

performance	of	wild	subjects	from	two	congeneric	species	divergent	in	social	
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system.		We	used	a	novel	foraging	task	with	trained	conspecific	demonstrators	to	

test	the	prediction	that,	compared	to	the	asocial	species,	the	social	species	would	

succeed	more	quickly	at	the	complex	task,	and	use	social	learning	mechanisms	

rather	than	asocial	learning.		Contrary	to	predictions	of	the	SIH,	we	found	no	

difference	in	performance	of	naïve	individuals	in	the	social	or	asocial	species.		

Additionally,	we	found	little	support	for	social	learning	mechanisms	governing	

individual	behavioral	interactions	with	the	task.		Instead,	behavioral	interactions	of	

naïve	individuals	are	governed	by	personal	information	gained	from	trial-and-error	

learning;	but	social	facilitation	likely	is	important	to	motivate	engagement	with	the	

task	in	general.		These	results	demonstrate	that	a	social	system	exhibiting	

communal,	cooperative	breeding	is	not	sufficiently	complex	to	select	for	precise	

social	learning	abilities.		However	the	social	environment	does	increase	engagement	

with	the	task,	and	likely	generalizes	to	social	group	engagement	with	natural	

foraging	opportunities.		Lastly,	detecting	an	effect	of	social	facilitation	on	social	

group	performance	would	be	improbable	in	a	lab-based	assay,	demonstrating	that	it	

is	important	and	interesting	to	test	the	SIH	in	wild	individuals.	 	

Introduction	

	 The	social	intelligence	hypothesis	(SIH)	was	developed	to	explain	the	larger	

brain	sizes	and	complex	cognitive	abilities	of	humans	and	great	apes	relative	to	

other	mammals	(Humphrey	1976;	Jolly	1966).		Optimal	survival	and	fitness	for	an	

individual	in	a	social	group	depends	on	successfully	navigating	social	interactions	

with	conspecifics.		Correctly	responding	to	the	unpredictable	behavior	of	

conspecifics	is	more	cognitively	demanding	than	responding	to	the	predictable	
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occurrence	of	non-animate	aspects	of	the	environment	like	home	range	location	and	

seasonally	available	food	(Byrne	and	Bates	2007).		Therefore,	the	SIH	and	related	

hypotheses	predict	individuals	in	large	social	groups	will	possess	larger	brains	to	

support	the	need	for	increased	memory	of	previous	group-mate	interactions,	

flexible	decision-making,	and	reasoning	abilities	beyond	the	simple	automatic	

behavioral	responses	to	incoming	stimuli	(Dunbar	1998;	Seyfarth	and	Cheney	

2015).			

Subsequent	research	on	diverse	taxa	has	yielded	conflicting	support	for	this	

hypothesis.		For	example,	researchers	found	evidence	that	relative	brain	size	was	

highly	correlated	with	group	size	in	primates	(Dunbar	1998),	cetaceans	(Marino	

1996),	carnivores	and	insectivores	(Dunbar	and	Bever	1998).		Yet,	additional	

analyses	of	brain	size	and	group	size	in	primates	(Powell	et	al.	2017)	and	carnivores	

(Gittleman	1986)	failed	to	find	significant	correlations.		Instead,	researchers	have	

found	correlations	between	brain	size	and	non-social	traits	such	as	tool	use	and	

individual	innovation	(Lefebvre	et	al.	2004;	Reader	and	Laland	2002).		Finally,	no	

relationship	between	sociality	and	brain	size	was	found	in	birds	(Beauchamp	and	

Fernandez-Juricic	2004),	or	ungulates	(Shultz	and	Dunbar	2006).		

There	are	several	potential	reasons	for	such	conflicting	results.		Previous	

research	has	relied	on	broad	comparisons	across	the	animal	kingdom	and	various	

proxy	measures	for	quantifying	social	and	cognitive	complexity.		While	this	is	

important	for	sample	sizes	sufficient	to	support	evolutionary	hypotheses,	results	

may	be	misleading	because	proxies	such	as	group	size	or	brain	size	may	not	mean	

the	same	thing	within	or	across	taxa.			
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Although	in	some	species	group	size	is	a	reliable	indicator	of	pressures	in	the	

social	environment	that	may	necessitate	complex	cognitive	abilities,	in	many	other	

cases	group	size	is	overly	general	and	temporally	or	spatially	subjective.		For	some	

of	the	largest	animal	groups	(i.e.	wildebeest,	colonial	seabirds)	there	may	be	no	

need	to	evolve	complex	socio-cognitive	abilities	because	no	consistent	individual	

interactions	occur	and	individuals	do	not	predicate	their	behavior	on	the	behavior	

of	others	(Bergman	and	Beehner	2015).		Furthermore,	group	size	for	many	species	

depends	on	season	or	age	(Alcock	2009).		For	example,	during	the	breeding	season	

the	American	Crow	associates	in	small	groups	or	pairs,	but	during	the	non-breeding	

season	individuals	aggregate	in	huge	numbers	(Verbeek	and	Caffrey	2002).		

Similarly,	juvenile	Common	Ravens	aggregate	in	non-breeding	groups	for	several	

years	before	they	sexually	mature,	then	pair	bond	for	life	and	become	aggressively	

territorial	and	asocial	(Boarman	and	Heinrich	1999).		Given	the	dynamic	nature	of	

species	sociality,	it	is	important	to	explicitly	hypothesize	which	types	of	social	

interactions	should	select	for	specific	cognitive	abilities	(Bergman	and	Beehner	

2015).				

Brain	size	as	a	proxy	for	complex	cognition	is	also	problematic.		The	

evolution	and	development	of	brain	size	and	morphology	depends	on	many	non-

social	factors.		For	example,	life	history	traits	guiding	perceptual	biases	(reliant	on	

vision	versus	olfaction;	Healy	and	Rowe	2007)	and	ecological	factors	(Marino	2002)	

likely	exert	strong	evolutionary	pressure	on	morphology	and	size	of	specific	brain	

areas.		Therefore,	it	is	unclear	why	whole	brain	volume	should	scale	with	sociality,	

and	it	becomes	impossible	to	compare	brain	size	of	land	mammals	to	that	in	birds	
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(where	brain	size	is	constrained	by	the	need	to	fly),	or	even	land	mammals	to	

marine	mammals	(where	buoyancy	creates	an	evolutionary	release	on	brain	size).		

Using	relative	brain	part	size	ratios	may	help	correct	for	allometric	correlations	

with	body	size	(Reader	et	al.	2005),	but	it	still	assumes	function	and	structure	of	

brain	anatomy	that	are	not	yet	verified	and	hard	to	generalize	across	taxa,	or	even	

across	different	methods	to	measure	brain	size	(Healy	and	Rowe	2007).		For	

instance,	while	the	forebrain	is	perceived	as	the	brain	area	most	involved	in	non-

reflexive,	complex	cognitive	behaviors	in	mammals,	the	corresponding	area	in	birds	

(Jarvis	et	al.	2013;	Kirsch	et	al.	2008)	is	much	smaller,	but	is	more	densely	packed	

with	neurons	(Olkowicz	et	al.	2016).		Similarly,	in	many	cetacean	species	brain-to-

body	size	ratios	are	similar	to	that	seen	in	primates	(Marino	1996),	but	the	ratio	of	

forebrain	to	the	rest	of	the	brain	is	considerably	smaller,	and	enlargement	occurred	

in	the	temporal	and	parietal	lobes	instead	(Marino	2002).		To	avoid	confounds	

associated	with	brain	size	proxies	for	cognitive	ability,	results	of	controlled	

cognitive	assessments	are	a	better	way	to	categorize	the	actual	extent	of	cognitive	

abilities	across	taxa.	

Social	learning	is	a	socio-cognitive	skill	that	is	likely	to	be	important	in	many	

species.		By	learning	from	group-mates	or	conspecifics,	individuals	will	be	optimally	

adapted	to	their	local	environment	(Reader	and	Biro	2010),	and	responsive	to	

environmental	change	(Whitehead	2010).		Observational	learning	of	a	skill	can	be	

more	efficient,	and	safer	than	individual	learning	through	trial-and-error.		For	

example,	social	learning	of	defenses	against	predators	(Griffin	2008;	Mathis	et	al.	

1996)	or	nest	parasites	(Davies	and	Welbergen	2009)	can	directly	increase	survival	
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and	fitness.		Similarly,	though	complex	behaviors	such	as	tool	use	are	often	partially	

innate,	efficient	practice	of	the	behavior	requires	social	learning	(Kenward	et	al.	

2006;	Mann	et	al.	2012;	Musgrave	et	al.	2016).			

Social	transmission	of	information	can	occur	through	various	mechanisms.	

Some	species	(including	humans;	Horner	and	Whiten	2005)	are	able	to	exactly	

replicate	the	behaviors	of	a	conspecific	to	gain	a	reward	(“imitation”).		In	other	taxa,	

naïve	individuals	attend	to	the	location	that	a	conspecific	was	rewarded,	but	not	the	

specific	behavior	used	to	attain	the	reward	(“local	enhancement”).		Additionally,	it	is	

possible	that	naïve	individuals	attend	to	the	specific	object	a	knowledgeable	

conspecific	manipulated	to	gain	the	reward,	but	not	the	behavior	(“stimulus	

enhancement”).		Disentangling	these	mechanisms	can	provide	more	detailed	

knowledge	of	the	fitness	benefits	of	sociality,	and	the	specific	features	of	conspecific	

behaviors	that	individuals	use	to	inform	foraging	decisions	(Laland	2004;	Zentall	

2012).	

Many	studies	that	experimentally	quantify	social	learning	mechanisms	in	

animals	are	performed	in	lab	environments	where	ecological	validity	is	low.		Results	

from	these	studies	are	difficult	to	replicate	and	generalize	to	wild	populations	

because	of	the	tightly	controlled	artificial	conditions	(Shettleworth	2010).		

Developmental,	social,	and	motivational	characteristics	of	subjects	in	the	lab	are	

unlikely	to	approximate	those	in	wild	conspecifics	(Benson-Amram	et	al.	2013;	

Reader	and	Biro	2010).		While	it	may	be	more	difficult	to	control	some	confounds	

during	cognitive	assessments	conducted	on	wild	individuals,	experimentation	is	

taking	place	in	the	location	in	which	selection	is	occurring	(Kendal	et	al.	2010),	and	
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so	results	will	be	ecologically	valid	and	have	greater	interpretability	(Coussi-Korbel	

and	Fragaszy	1995;	Thornton	and	Lukas	2012).	

To	date,	no	previous	studies	have	directly	compared	performance	on	socio-

cognitive	tasks	in	wild,	congeneric	species	(Reader	and	Biro	2010;	Slagsvold	and	

Wiebe	2011;	Whiten	and	Mesoudi	2008).		In	order	to	provide	a	rigorous	test	of	the	

SIH,	it	is	necessary	to	compare	closely	related	species	whose	life	history	traits	vary	

only	in	degree	of	social	behavior	(Byrne	and	Bates	2007).		Here	we	quantify	

whether	social	learning	of	a	novel	foraging	behavior	occurs	in	wild	subjects	from	a	

social	and	an	asocial	species.		California	Scrub-Jays	(hereafter	CASJ;	Aphelocoma	

californica)	exhibit	a	pair-bonded	monogamous	breeding	system	and	vigorously	

defend	their	territory	from	other	jays,	including	young	of	the	previous	year	(Curry	

et	al.	2017).		In	contrast,	Mexican	Jays	(hereafter	MEJA;	A.	wollweberi)	are	

communal,	cooperative	breeders	and	live	in	stable	groups	of	5-25	jays	(Brown	

1994).		Young	delay	dispersal	for	several	years	or	remain	in	the	natal	group	for	life.		

Therefore,	MEJA	have	a	stable	social	environment	in	which	they	can	observe	and	

learn	from	relatives	and	group-mates	(Coussi-Korbel	and	Fragaszy	1995).		

Additionally,	a	dominance	hierarchy	governs	access	to	food	and	reproductive	

resources	(Brown	et	al.	1997;	McCormack	et	al.	2007),	so	successfully	navigating	

social	interactions	within	the	group	likely	requires	increased	social	attention,	

individual	recognition,	and	the	capacity	to	maintain	memories	of,	and	learn	from	

previous	interactions	(Byrne	1997).			

Even	though	social	behavior	is	very	distinct,	these	two	species	occupy	similar	

ecological	niches.		Both	are	mast-dependent	species	that	prefer	dry,	open,	scrub-oak	
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and	pine	habitats	(Rice	et	al.	2003).		As	such,	differences	in	brain	evolution	or	

development	most	likely	result	from	the	divergent	pressures	of	the	social	

environment.		If	the	SIH	is	supported,	we	predict	1)	a	significant	species	difference	

such	that	naïve	MEJA	will	show	a	faster	rate	of	first	interaction	with	the	social	

learning	task	after	observation	of	a	knowledgeable	conspecific	demonstrator	than	

naïve	CASJ,	and	2)	a	significant	treatment	effect	where	social	groups	with	a	trained	

demonstrator	will	show	a	faster	rate	of	first	interaction	than	those	in	which	there	is	

no	demonstrator.		Although	we	compared	only	two	species,	we	believe	these	results	

will	be	an	important	step	towards	a	better	understanding	of	the	evolution	of	

cognition	in	natural	systems.	

Methods			

	 Study	system:	Subjects	for	this	experiment	included	individually	color-

banded	MEJA	from	5	flocks	around	the	Southwestern	Research	Station	in	Portal,	AZ	

and	CASJ	from	16	territories	in	Willamette	Mission	State	Park,	near	Keizer,	OR.		All	

jays	were	trained	to	come	for	peanuts	when	we	whistled,	which	facilitated	timely	

participation	in	the	social	learning	task.		We	conducted	social	learning	trials	on	49	

total	MEJA	and	26	CASJ	subjects.		MEJA	live	in	natural	stable	groups	(flocks),	

whereas	CASJ	social	groups	were	created	from	a	minimum	of	3	neighboring	mate-

pairs	surrounding	central,	open	picnic	areas.		For	several	weeks	before	the	trials	

began,	we	put	peanuts	on	the	central	tables	to	check	that	no	CASJ	from	surrounding	

territories	defended	this	“neutral	zone”.		Even	though	CASJ	only	maintain	one	

enduring	social	bond	(their	mate),	it	is	not	unusual	for	dispersing	hatch	year	and	

adult	non-neighbor	CASJ	to	interact	at	large	natural	food	sources	(i.e.	oak	trees	in	
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late	summer;	Pesendorfer	and	Koenig	2017).		As	such,	we	believe	trials	conducted	in	

neutral	zones	do	not	represent	a	contrived	experience	for	CASJ	subjects.	

Experimental	apparatus:	Our	social	learning	apparatus	consisted	of	a	puzzle	

box	created	out	of	a	log	to	mimic	natural	extractive	foraging	for	grubs	or	cache-

recovery	behaviors	(Brown	1994).		We	created	four	food-holding	compartments	in	

the	log,	covered	by	transparent	doors	that	open	in	different	ways	(Fig.	1a),	labeled	

as	A,	B,	C,	and	D	doors.		First,	in	the	center	of	each	group	location	we	allowed	the	

group	access	to	the	open	puzzle	box	filled	with	peanuts	until	they	habituated	to	this	

new	food	source.		Secondly,	all	jays	were	given	previous	experience	interacting	with	

the	closed	puzzle	box	and	opening	the	simple	doors	(McCune	unpub.	data);	we	

included	the	amount	of	this	previous	experience	as	a	covariate	in	our	final	models.		

The	diverse	door	options	engaged	individuals	that	varied	in	their	initial	motivation	

to	interact	with	different	opening	methods	at	distinct	locations	on	the	puzzle	box,	

and	allowed	us	to	determine	if	stimulus	enhancement	is	an	important	mechanism	

governing	jay	social	learning.		Subsequent	to	habituation	to	the	simple	puzzle	box	

doors,	we	added	locks	to	doors	A,	B,	and	C.		We	left	D	door	unlocked,	but	filled	with	a	

less	preferred	food	(seeds	rather	than	peanuts),	to	encourage	naïve	jay	attendance	

at	the	puzzle	boxes	to	increase	opportunities	to	observe	group-mate	interactions.		

The	lock	for	A	and	B	doors	similarly	consisted	of	a	stick	that	blocked	the	opening	of	

the	doors,	but	required	different	behaviors	to	solve.		The	lock	on	C	door	was	a	hook-

and-eye	type	lock	(Fig.	1b).			

Demonstrator	training:	Only	2	select	jays	within	a	group	were	trained	as	

demonstrators	to	open	a	lock	on	the	puzzle	box.		For	each	species	we	trained	
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demonstrators	from	4	of	the	social	groups,	whereas	in	the	5th	group	(control)	we	

sham-trained	two	individuals	so	that	they	had	equal	amounts	of	experience	with	the	

locked	puzzle	box,	but	no	shaping	to	open	the	locks.		Demonstrators	were	all	adults,	

and	only	trained	on	either	A	or	B	door	lock,	such	that	we	had	groups	in	3	

treatments:	control,	trained	on	lock	A,	trained	on	lock	B	(Table	1).			

Due	to	the	differences	in	species	social	systems,	we	used	slightly	different	

methods	to	isolate	demonstrator	jays	for	training.		In	CASJ,	the	aggressive	

territoriality	created	a	situation	where	we	could	train	a	pair	as	demonstrators	in	the	

wild,	in	the	middle	of	their	territory.		However,	for	MEJA	it	was	impossible	to	

separate	two	individuals	from	group-mates	for	training	in	the	wild.		Therefore	we	

took	two	jays	from	each	of	the	experimental	flocks	into	captivity	for	training	(details	

of	captive	environment	in	Ch.	3	of	this	document).		All	other	training	methods	are	

identical	for	the	two	species.		We	first	ensured	that	demonstrators	could	efficiently	

open	the	simple	unlocked	door	that	we	planned	to	train	them	on	(either	A	or	B	

door).		If	not,	we	used	a	shaping	procedure	in	which	the	door	was	gradually	closed	

until	the	jays	learned	to	manipulate	it	to	gain	access	to	the	food	compartment.		All	

other	doors	were	left	open	and	empty	to	discourage	interaction	at	these	loci.		Next,	

we	habituated	jays	to	the	puzzle	box	with	the	focal	door	closed,	and	the	lock	on	but	

not	engaged.		We	then	moved	the	stick	so	that	it	was	in	the	way	of	the	door,	but	not	

engaged,	until	jays	began	to	manipulate	the	stick	to	access	the	door.		Subsequently,	

we	moved	the	stick	so	that	it	was	incrementally	more	fully	in	the	locked	position.		

We	progressed	with	the	learning	trials	in	each	group	only	after	demonstrators	were	
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efficiently	opening	only	the	trained	option,	and	all	naïve	jays	were	eating	

comfortably	from	compartments	in	the	puzzle	box.		

Data	collection:	For	all	groups,	we	conducted	between	9	and	16	trials	that	were	a	

maximum	of	2	hours	in	length	(Table	1).		Trials	were	conducted	in	the	mornings	

before	noon,	and	each	trial	occurred	at	least	24	hours	after	the	previous	trial.		To	

begin	a	trial,	we	deployed	two	open,	unlocked	puzzle	boxes	filled	with	peanuts,	

approximately	2m	apart,	in	the	center	of	each	group	area.		It	was	important	to	

deploy	two	puzzle	boxes	during	a	trial	to	quantify	the	occurrence	of	local	

enhancement	(Zentall	2012),	and	to	prevent	monopolization	of	the	puzzle	box	by	

dominant	individuals.		We	determined	that	jays	were	motivated	to	engage	with	the	

task	if	members	of	the	social	group	arrived	and	ate	from	the	open	puzzle	boxes	

comfortably	within	10	minutes	of	putting	them	out	and	whistling.		If	no	jays	arrived,	

the	trial	attempt	was	aborted.		Otherwise	we	closed	and	locked	all	doors	and	began	

the	trial.		We	noted	identity	of	all	jays	within	10m	of	the	puzzle	box,	and	noted	

interaction	behaviors	using	the	ethogram	in	Table	2.		As	such,	we	quantified:	who	

interacted,	at	which	of	the	two	puzzle	boxes,	with	which	door	on	the	puzzle	box,	the	

behavior	at	the	door,	whether	the	interaction	was	successful	(obtained	a	peanut)	or	

unsuccessful,	and	which	other	jays	were	present	within	10m	to	potentially	observe	

the	interacting	jay.			

Since	demonstrators	were	trained	to	open	doors	by	interacting	with	door	

locks,	we	divided	all	interactions	at	the	doors	into	two	categories.		The	first	category	

describes	interactions	at	a	door	that	mimic	those	of	the	demonstrator	in	that	they	

are	directed	at	the	lock	on	the	door.		The	second	category	describes	interactions	that	
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mimic	previous	experience	with	the	unlocked	doors	in	that	the	interactions	are	

exclusively	directed	at	the	door,	not	the	lock.		Therefore,	there	were	7	total	

interaction	“Options”:	A1,	A2,	B1,	B2,	C1,	C2,	and	D.		We	monitored	social	group	

motivation	throughout	the	trial,	and	we	ended	the	trial	early	if	for	30	consecutive	

minutes	no	jays	other	than	the	demonstrator	came	within	2m	of	the	puzzle	boxes.		

All	trials	were	filmed,	and	behaviors	coded	later	by	individuals	naïve	to	treatment	

condition	and	hypotheses.		All	methods	were	approved	by	the	University	of	

Washington	Institutional	Animal	Care	and	Use	Committee	(protocol	#4064-03),	and	

the	appropriate	permitting	agencies	(Bird	Banding	Lab	#22802,	Oregon	Department	

of	Fish	and	Wildlife	#015-16,	Oregon	State	Parks	#007-14,	US	Fish	and	Wildlife	

Service	#MB51894B-0,	Arizona	Game	and	Fish	Department	#SP697293).	

Data	analysis:	We	used	non-parametric	analyses	(Mann-Whitney	U	Test)	to	

compare	engagement	with	the	experimental	task	of	each	species	and	treatment	

type.		We	conducted	cox	proportional	hazard	analyses	(coxme	package;	Therneau	

2018)	in	the	R	statistical	environment	(RStudio	Team	2015)	to	examine	the	

influence	of	social	information	on	the	rate	of	first	interaction	with	each	puzzle	box	

option	of	naïve	jays	(Logan	et	al.	2015).		We	tested	the	cox	proportional	hazard	

assumption	that	the	baseline	hazard	rate	of	our	covariates	for	all	subjects	is	

constant	over	time	(Grambsch	and	Therneau	1994)	and	found	that	the	“option”	

variable	violated	this	assumption	(p	=	0.02)	and	so	we	stratified	data	by	option	in	

each	cox	model.		We	first	used	the	cox	models	to	compare	species,	and	treatment	

conditions.		We	included	individual	level	covariates	of	dominance	rank	

(methodological	details	of	dominance	assays	in	Ch.	1	of	this	document;	Barkan	et	al.	
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1986)	and	amount	of	previous	experience	with	the	puzzle	box	for	both	species,	as	

well	as	age	(adult	or	juvenile)	for	MEJA	only	because	all	but	4	CASJ	were	adults.		We	

included	random	effects	of	individual	ID	to	account	for	interactions	by	the	same	jay	

at	multiple	options,	and	a	group	ID	random	effect	to	account	for	interactions	by	

multiple	jays	in	the	same	social	group.			

Secondly,	to	test	for	an	effect	of	social	information	use	in	each	species	we	

included	covariates	to	describe	the	social	learning	mechanisms	in	addition	to	the	

covariates	and	random	effects	from	the	first	set	of	models.		For	each	first	interaction	

of	a	naïve	jay	at	a	given	option,	we	evaluated	the	support	for	a	mechanism	of	

imitative	learning	as	the	number	of	interactions	the	focal	jay	had	previously	

observed	at	the	same	puzzle	box	and	same	option.		We	quantified	the	effect	of	

stimulus	enhancement	as	the	number	of	interactions	the	focal	jay	had	previously	

observed	at	the	same	option,	but	on	either	puzzle	box.		We	assessed	the	use	of	a	

local	enhancement	learning	mechanism	as	the	number	of	interactions	a	focal	jay	

previously	observed	at	the	specific	puzzle	box,	regardless	of	which	option	jays	

directed	interactions	to.		Lastly,	we	needed	to	account	for	the	possibility	that	within	

the	social	learning	trials,	an	individual’s	own	prior	successful	interactions	at	the	

puzzle	box	alter	the	rate	of	first	interaction	with	different	options	(asocial	

enhancement).		Therefore,	we	summed	the	number	of	times	a	given	focal	jay	

attained	a	peanut	from	different	options	before	its	first	interaction	with	a	focal	

option.			

Results	
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	 Jays	from	both	species	had	equal	opportunity	to	interact	with,	or	observe	

conspecific	interactions	at	the	puzzle	box.		Demonstrators	from	both	species	

performed	similarly,	there	was	no	significant	difference	in	the	number	of	times	that	

a	MEJA	or	CASJ	demonstrator	opened	the	door	that	it	was	trained	on	(W	=	16,	p	=	

0.53).		There	were	no	significant	species	differences	in	the	number	of	trials	(W	=	13,	

p	=	1),	total	trial	time	(W	=	9,	p	=	0.55),	or	number	of	jays	in	each	group	(W	=	7,	p	=	

0.29).		Similarly,	control	and	experimental	treatment	groups	did	not	differ	in	trial	

time	(W	=	2,	p	=	0.18),	number	of	trials	(W	=	2,	p	=	0.11),	or	number	of	jays	per	

group	(W	=	6,	p	=	0.69).		However,	the	demonstrator	from	one	experimental	MEJA	

group	never	performed	the	lock-opening	behavior.		When	we	consider	this	group	as	

part	of	the	control	treatment	we	find	jays	in	experimental	treatments	experienced	

more	trials	(W	=	0,	p	=	0.01)	and	longer	trial	times	(W	=	0,	p	=	0.02)	than	jays	in	the	

control	treatment.		All	subsequent	analyses	consider	this	group	as	part	of	the	

control	treatment.	

	 Naïve	MEJA	in	groups	with	demonstrators	trained	on	either	A	or	B	door	locks	

also	performed	similarly.		Experimental	groups	trained	on	lock	A	and	groups	trained	

on	lock	B	did	not	differ	in	rate	of	first	interaction	with	each	option	on	the	puzzle	box	

(Hazard	ratio	of	B	trained	groups	relative	to	A	=	1.33,	z		=	0.45,	p	=	0.65),	but	both	

had	a	significantly	faster	first	rate	of	interaction	than	did	MEJA	from	control	groups	

(Fig.	2;	HR	=	8.55,	z	=	6.96,	p	<	0.001).		Therefore,	we	combined	the	two	types	of	

experimental	groups	for	the	second	set	of	analyses	examining	support	for	various	

social	learning	mechanisms.		In	CASJ	there	was	no	difference	in	the	rate	of	first	

interaction	between	the	two	types	of	experimental	groups	(HR	of	B	trained	groups	
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relative	to	A	=	1.59,	z	=	1.50,	p	=	0.13),	or	for	experimental	groups	relative	to	control	

groups	(HR	=	1.28,	z	=	0.59,	p	=	0.55),	so	all	CASJ	data	are	combined	in	analyses	

testing	the	social	learning	mechanisms.		There	was	no	difference	in	performance	

between	species	in	the	experimental	groups	(HR	of	MEJA	relative	to	CASJ	=	2.22,	z	=	

1.10,	p	=	0.27)	or	control	groups	(HR	=	0.84,	z	=	-0.35,	p	=	0.72).	

	 Species	differed	in	the	learning	mechanisms	that	significantly	predicted	rate	

of	first	interaction	(Table	3).	For	MEJA,	prior	observations	of	a	group-mate	

succeeding	at	a	given	option	actually	reduced	the	rate	of	first	interaction	with	that	

option	(imitation;	HR	=	0.83,	z	=	-2.68,	p	=	0.01).		Additionally,	there	was	support	for	

a	significant	negative	effect	of	both	stimulus	enhancement	(HR	=	0.88,	z	=	-2.09,	p	=	

0.04)	and	local	enhancement	(HR	=	0.88,	z	=	-2.43,	p	=	0.02).		Previous	success	at	

other	puzzle	box	options	significantly	reduced	the	rate	of	first	interaction	at	a	given	

option	(asocial	enhancement;	HR	=	0.97,	z	=	-3.55,	p	=	0.0004).		Finally,	rate	of	first	

interaction	was	positively	related	to	juvenile	age	class	(HR	=	4.38,	z	=	2.07,	p	=	0.04),	

and	the	amount	of	previous	experience	with	the	puzzle	box	(HR	=	1.01,	z	=	3.43,	p	=	

0.001),	but	not	related	to	dominance	rank	(Table	3;	HR	=	0.80,	z	=	-0.22,	p	=	0.83).		

In	contrast,	for	CASJ	only	dominance	rank	was	significantly	related	to	the	rate	of	

first	interaction	(HR	=	0.85,	z	=	-1.96,	p	=	0.05),	where	lower	ranking	jays	had	an	

increased	rate	of	first	interaction.	

Discussion	

	 This	research	is	the	first	to	compare	an	asocial	and	social	species	on	a	socio-

cognitive	task	in	the	wild.		Although	we	only	compared	two	species,	we	believe	these	

results	provide	a	rigorous	test	of	the	SIH	because	we	compared	congeneric	species	
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with	life	history	characteristics	that	differ	only	in	degree	of	sociality.		Therefore	any	

differences	in	cognitive	performance	are	likely	attributable	to	evolution	and	

development	in	social	groups.			

	 In	accord	with	the	SIH,	the	performance	of	the	asocial	species	showed	no	

evidence	for	an	effect	of	social	information	use.		CASJ	experimental	groups	seeded	

with	a	demonstrator	trained	on	this	complex	task	did	not	differ	in	performance	from	

control	groups	without	demonstrators	(Fig.	2).		When	we	examined	the	rate	of	first	

interaction	of	each	naïve	CASJ	on	every	puzzle	box	option	we	found	no	significant	

effect	of	previously	observing	conspecifics	successfully	opening	puzzle	box	doors.		

Previous	research	on	captive	CASJ	found	individuals	do	attend	to	the	foraging	

behavior	of	conspecifics,	can	remember	who	cached	food,	and	the	spatial	location	

where	it	was	hidden	(Dally	et	al.	2006).		Given	our	results,	it’s	possible	that	the	

behavior	of	hand-reared,	captive	CASJ	that	live	in	a	constant	social	environment	is	

not	representative	of	wild	jay	behavior.		Alternatively,	wild	CASJ	may	not	attend	to	

novel	behaviors	of	conspecifics,	or	remember	novel	behaviors	that	led	to	a	

conspecific	attaining	a	reward.	

	 Contrary	to	predictions	of	the	SIH	we	found	no	significant	difference	in	the	

rate	of	first	interaction	of	naïve	CASJ	and	MEJA	at	the	puzzle	box	task.		Yet,	we	did	

find	some	evidence	that	MEJA	are	attending	to	social	information.		First,	the	hazard	

ratio	comparing	the	rate	of	first	interaction	between	species	was	greater	than	2,	

indicating	MEJA	rate	of	first	interaction	was	more	than	double	that	of	CASJ.		

Secondly,	MEJA	in	groups	with	trained	demonstrators	outperformed	MEJA	in	

control	groups	with	no	seeded	demonstrators	(Fig.	2).		In	general,	control	groups	
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from	both	species	showed	lower	motivation	and	were	less	willing	to	engage	with	

the	puzzle	box,	resulting	in	fewer	trials	and	shorter	trial	times	(Table	1).		Lastly,	we	

found	that	the	rate	of	first	interaction	of	a	naïve	MEJA	at	a	given	option	was	

significantly	affected	by	prior	observations	of	group-mates	either	succeeding	at	that	

specific	option	(stimulus	enhancement),	or	on	that	specific	puzzle	box	(local	

enhancement),	or	both	(imitation).		However,	this	social	information	actually	

negatively	affected	the	rate	of	first	interaction	of	naïve	jays	at	that	option,	indicating	

that	they	are	avoiding	options	and	locations	where	they	observe	group-mates	

succeed.		Because	we	quantified	the	time	to	first	interaction	at	a	given	puzzle	box	

option,	it	is	unlikely	this	result	represents	jays	learning	that	a	puzzle	box	

compartment	is	depleted	of	peanuts	after	a	group-mate	succeeds.		Moreover,	naïve	

MEJA	rate	of	first	interaction	at	new	options	is	hindered	by	their	own	previous	

success	at	other	puzzle	box	options.		Together,	these	results	indicate	that	MEJA	

prioritize	personal	information	and	return	to	doors	they	have	previously	opened,	

but	that	social	facilitation,	where	naïve	jays	are	positively	influenced	by	the	

motivation	of	knowledgeable	group-mates	(Zentall	2012),	increases	the	likelihood	

of	interacting	with	the	novel	foraging	opportunity.	

It	is	unexpected	that	MEJA	would	not	use	social	learning	to	succeed	at	a	

complex	foraging	task	because	traits	exhibited	by	this	species,	such	as	group-level	

coordination	of	behavior	and	prolonged	development	in	a	natal	social	group,	are	

hypothesized	to	favor	social	learning	(Coussi-Korbel	and	Fragaszy	1995).		One	

potential	explanation	is	that	jays	did	learn,	but	did	not	have	the	opportunity	to	

reproduce	the	behavior	due	to	competition	for	access	to	that	door.		Future	research	
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with	isolated	jays	is	needed	to	discriminate	between	this	possible	explanation	and	

the	observed	asocial	enhancement	leading	to	preference	for	doors	previously	

opened	by	the	focal	jay.		For	example,	after	demonstrations	in	the	social	group,	a	

locked	puzzle	box	could	be	presented	to	solitary	naïve	jays.		The	researcher	could	

then	track	the	order	in	which	jays	open	and	empty	the	different	puzzle	box	doors.		

Likely,	jays	will	first	go	to	the	doors	that	they	opened	previously	using	trial-and-

error	individual	learning	(but	that	could	be	manipulated	by	filling	the	compartment	

with	non-preferred	food).		However,	if	jays	are	subsequently	able	to	replicate	the	

behavior	of	the	trained	demonstrator	quickly	and	efficiently	to	get	food	from	the	

remaining	locked	door,	then	that	could	be	evidence	for	social	learning	ability.	

Another	potential	reason	MEJA	did	not	show	social	learning	is	that	the	

foraging	environment	is	not	sufficiently	complex	or	dynamic	to	merit	the	evolution	

of	social	learning	of	foraging	behaviors	(Kendal	et	al.	2005).		MEJA	and	CASJ	rely	

heavily	on	masting	trees	like	oaks	or	pinyon	pines	for	sustenance.		While	acorn	

shells	and	pinyon	cones	may	be	tough	to	breach,	the	motor	patterns	needed	to	

succeed	could	be	partially	innately	programmed	(Curry	et	al.	2017),	are	not	complex	

(Byrne	and	Russon	1998),	and	there	is	little	risk	of	injury	from	trial-and-error	

learning	(Hoppitt	and	Laland	2013).		These	two	species	are	also	opportunistic	

omnivores	on	arthropods	and	small	vertebrates,	especially	during	early	spring	

through	summer.		However,	it	is	possible	that	no	animal	prey	are	lethally	toxic	in	a	

way	that	would	favor	social	learning	of	which	to	eat	over	individual	trial-and-error	

learning	(Terhune	1977).			
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We	found	little	evidence	that	social	learning	led	to	the	ability	to	solve	a	novel	

foraging	problem,	indicating	that	complex	social	life	is	not	sufficient	for	social	

learning	cognitive	mechanisms	to	evolve.		This	research	provides	no	support	for	the	

SIH.		However,	we	compared	performance	of	only	two	species	on	a	single	socio-

cognitive	ability.		Therefore	to	more	explicitly	understand	the	relationship	between	

sociality	and	cognition,	further	experimental	assessments	of	closely	related	species	

in	the	wild	are	needed.		Future	research	could	consider	a	non-foraging	context	for	

comparing	social	learning	ability	such	as	acquiring	recognition	of	a	novel	predator	

as	a	threat	after	exposure	to	mobbing	by	a	conspecific	(Cornell	et	al.	2011).		

Alternatively,	it	may	be	more	likely	that	the	two	species	studied	here	would	diverge	

in	performance	on	a	test	of	the	socio-cognitive	ability	transitive	inference	(Bond	et	

al.	2003),	since	access	of	an	individual	MEJA	to	resources	is	governed	by	within-

group	dominance	hierarchies	(Brown	et	al.	1997).		To	increase	validity	and	

repeatability	of	experiments	testing	the	SIH,	it	is	important	for	future	research	to	

reconsider	the	use	of	proxies	for	quantifying	social	behavior	and	cognition	and	to	

increase	the	ecological	relevance	of	test	assessments	by	extending	experiments	

outside	of	the	laboratory.		
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Tables	and	figures	
	
	
Table	1:	Summary	of	experimental	design.	Numbers	presented	are	treatment	group	
means	±	SE,	and	trial	times	are	in	minutes.		California	Scrub-Jay	groups	are	labeled	
with	the	“SG”	prefix	and	a	group	number,	whereas	Mexican	Jay	groups	are	labeled	
with	a	two-letter	abbreviation.	
Treatment	 Group	names	 Number	of	jays	 Number	of	trials		 Trial	times	
Control	 CO,	UC,	SG4	 8	±	1.15	 10.67	±	1.2	 902.3	±	28	
Lock	A	 XM,	SG1,	SG2,	SG5	 9	±	1.08	 14	±	0	 1256.7	±	98.8	
Lock	B	 KI,	TA,	SG3	 9.33	±	1.33	 14.67	±	0.67	 1408.3	±	55.7	
	
	
	
	
Table	2:	Ethogram	used	to	code	behaviors	of	jays	at	the	puzzle	boxes.	Each	behavior	
was	then	identified	with	a	specific	puzzle	box	and	a	specific	door.		Options	described	
whether	behavior	was	directed	at	the	door	or	the	lock	and	included	A1,	A2,	B1,	B2,	
C1,	C2	and	D	
Behavior	 Definition	 Option	
Attempt_D	 Attempt	on	the	closed	and	locked	door	

	
2	

Attempt_L	 Attempt	on	the	lock	mechanism	(stick	or	hook)	
	

1	

Success	 Obtained	a	peanut	after	unlocking	and	opening	the	door	
	

1	

Scrounge	 Obtained	a	peanut	after	another	jay	opened	the	door	
	

2	

Pry	 Pried	open	the	locked	door	just	enough	to	get	a	peanut	
	

2	

Jiggle	 Obtained	a	peanut	by	manipulating	the	door	until	the	lock	
jiggled	open	or	fell	off	

2	
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Table	3:	Cox	proportional	hazard	model	output	for	each	species	showing	the	
influence	of	covariates	on	the	rate	of	first	interaction.	Covariates	include	individual	
level	variables,	and	social	learning	variables	that	describe	the	number	of	observed	
successes	made	by	group-mates	prior	to	first	interaction	of	the	focal	jay.		
Significance	values	in	bold	face	indicate	those	that	fall	below	the	alpha	criterion	of	
0.05.	

CASJ	 Hazard	ratio	 z	 p	
Rank	 0.85	 -1.96	 0.05	
Previous	Experience	 1.00	 1.64	 0.10	
Imitation	 0.98	 -0.04	 0.97	
Stimulus	enhancement	 0.69	 -1.12	 0.26	
Local	enhancement	 0.67	 -0.98	 0.33	
Asocial	enhancement	 0.99	 -1.75	 0.08	

MEJA	 Hazard	ratio	 z	 p	
Age	(Juvenile)	 4.38	 2.07	 0.04	
Rank	 0.80	 -0.22	 0.83	
Previous	Experience	 1.01	 3.43	 <0.01	
Imitation	 0.83	 -2.68	 0.01	
Stimulus	enhancement	 0.88	 -2.09	 0.04	
Local	enhancement	 0.88	 -2.43	 0.02	
Asocial	enhancement	 0.97	 -3.55	 <0.01	
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b)	
	

a)	
	

Figure	2:	The	puzzle	box	apparatus	that	we	used	to	assess	social	learning	of	a	novel	

foraging	skill.		A)	shows	the	puzzle	box	with	all	doors	open,	while	B)	shows	the	

closed	and	locked	puzzle	box.		We	trained	demonstrator	jays	to	open	the	top	door	

(labeled	A	door),	and	the	door	on	the	left	(B	door).	
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Figure	3:	Survival	curves	illustrating	the	rate	of	first	interaction	at	all	puzzle	box	

options	for	both	species	and	treatments.		Experimental	groups	had	a	seeded	

demonstrator	trained	on	A1	and	B1	options.		If	social	learning	occurs	experimental	

groups	should	outperform	control	groups	on	this	option.		All	jays	had	previous	

experience	at	option	D	so	treatment	types	should	perform	equally.	
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Abstract	

	 Animal	personality	traits	are	defined	as	consistent	individual	differences	in	

behavior	over	time	and	across	contexts.		Occasionally	this	inflexibility	results	in	

maladaptive	behavioral	responses	to	external	stimuli.		However,	in	social	groups	

inflexible	behavioral	phenotypes	might	be	favored	as	this	could	lead	to	more	

predictable	social	interactions.		Two	hypotheses	seek	to	describe	the	optimal	

distribution	of	personality	types	within	groups.		The	social	niche	specialization	

hypothesis	states	that	individuals	within	groups	should	partition	social	roles,	like	

personality	types,	to	avoid	conflict.		Whereas	the	conformity	hypothesis	states	that	

individuals	should	assort	with	conspecifics	of	similar	personality.		However	no	

research	so	far	has	compared	these	hypotheses	using	data	from	wild	animal	

systems.		We	tested	boldness	in	the	wild	on	two	species	with	vastly	different	social	

systems,	the	Mexican	Jay	and	California	Scrub-Jay.		We	found	support	for	the	
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conformity	hypothesis	over	the	social	niche	specialization	hypothesis	because	

individuals	within	groups	of	the	social	species	had	more	similar	personalities,	and	

consequently	there	was	a	statistically	significant	group	effect.		The	most	likely	

mechanism	for	this	conformity	is	social	learning	of	behaviors	through	development,	

but	more	explicit	research	on	this	is	needed.	

Introduction	

The	evolution	of	animal	personalities	is	not	yet	well	understood.		An	animal	

personality	trait	is	defined	as	a	behavior	that	differs	among	individuals,	but	is	

consistent	within	an	individual	over	time	and	across	contexts	(Gosling	2001).		Much	

research	has	quantified	personality	traits	in	different	populations	and	contexts,	

particularly	along	the	bold/shy	spectrum	(Carter	et	al.	2013).		At	the	population	

level,	variation	in	a	personality	trait	within	a	species	can	lead	to	population	

persistence	under	changing	environmental	conditions	(e.g.	Nicolaus	et	al.	2016),	

increased	niche	packing	through	microhabitat	choice	(e.g.	Pruitt	and	Goodnight	

2014),	and	alternative	reproductive	strategies	(Smith	and	Blumstein	2008),	or	

foraging	decisions	(Sih	et	al.	2004).			

Individual	personality	results	from	genetic	and	experiential	components	

(Brown	et	al.	2007;	Edenbrow	et	al.	2017)	leading	to	consistent,	constrained	

behavioral	responses,	and	this	can	cause	non-adaptive	individual	behavior	in	

certain	situations.		For	example,	high	aggression	could	lead	to	successfully	obtaining	

food	or	defending	a	territory,	but	could	also	result	in	failure	to	maintain	a	mate	

relationship	(Johnson	and	Sih	2005).		Additionally,	individuals	with	a	strong	

propensity	to	take	risks	(boldness)	might	be	more	likely	to	exploit	a	new	foraging	
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patch	or	resource,	but	might	also	be	more	likely	to	be	in	an	exposed	position	and	

attacked	by	a	predator	(Bell	2005;	Smith	and	Blumstein	2008).		To	explain	how	this	

occasionally	maladaptive	inflexibility	evolved,	researchers	believe	that	constrained	

individual	behaviors	might	be	particularly	beneficial	to	species	that	live	in	social	

groups	(Bergmüller	and	Taborsky	2010;	Wolf	et	al.	2011).		If	the	behavior	of	a	group	

mate	is	consistent	over	time	and	across	different	contexts	then	the	result	of	future	

interactions	can	be	predicted	based	on	past	experience	with	that	individual	(Dall	et	

al.	2004).	

The	distribution	of	personality	types	in	groups	can	affect	fitness.		For	

example,	guppies	put	into	mixed	bold-shy	groups	in	the	lab	experienced	higher	rates	

of	feeding	than	fish	in	only	bold,	or	only	shy	shoals	(Dyer	et	al.	2009).		Conflicting	

personality	types	within	groups	can	have	large	negative	effects	on	the	fitness	of	the	

whole	group	in	addition	to	the	individuals	involved	in	the	conflict	(Oliveira	et	al.	

2001;	Sapolsky	and	Share	2004;	Wascher	et	al.	2008).		Consequently,	social	

feedback	should	exert	strong	pressure	on	the	distribution	of	personality	types	

within	a	group,	causing	individuals	to	assort	non-randomly	based	on	personality.		

There	are	two	opposing	hypotheses	that	describe	the	optimal	assortment	of	

personality	types	in	group-living	species.		The	social	niche	specialization	hypothesis	

(hereafter	SNS)	states	that	systems	in	which	individuals	maintain	relatively	

partitioned	and	stable	social	roles	might	show	reduced	conflict	over	resources	such	

as	food	and	reproductive	opportunities	(Bergmüller	and	Taborsky	2010;	Montiglio	

et	al.	2013).		Alternatively,	the	conformity	hypothesis	(hereafter	CON)	states	that	

groups	will	be	composed	of	individuals	with	similar	personality	types	(positive	
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assortment).		This	could	occur	when	individuals	assort	with	conspecifics	of	similar	

personality	type	(Aplin	et	al.	2013;	Both	et	al.	2005),	or	when	individuals	conform	

their	behaviors	to	that	of	group	mates	(King	et	al.	2014).		

A	key	prediction	of	both	hypotheses	is	that	the	repeated	interactions	with	

group	mates	will	lead	to	maintenance	of	assortment	via	selective	immigration	and	

emigration,	or	social	learning	of	behaviors	during	development.		As	such,	we	would	

expect	to	find	the	best	support	for	either	of	these	hypotheses	in	animal	groups	that	

exhibit	stable	compositions,	long-term	interactions,	and	low	levels	of	immigration	or	

emigration.		Furthermore,	comparing	two	species	that	differ	in	the	number	of	

consistent	social	interactions	experienced	during	development	can	elucidate	the	

importance	of	this	factor	as	a	mechanism	(Bergmüller	and	Taborsky	2010).		Several	

studies	have	tested	for	SNS,	but	were	conducted	in	lab	environments	with	artificially	

manipulated,	temporary	social	groups	(Bierbach	et	al.	2017;	Merten	et	al.	2017;	

Modlmeier	et	al.	2014).		SNS	was	inferred	from	greater	individual	repeatability	of	

behavior	(larger	between-	than	within-individual	variance)	in	control	groups	of	

familiar	individuals	than	in	the	manipulated	unfamiliar	groups.		However,	this	

experimental	setup	assumes	short-term	group	dynamics	approximate	the	natural	

development	of	groups	assorted	by	personality.		It’s	possible	that	unfamiliar	groups	

of	adults	that	cannot	disperse	would	lead	to	individuals	behaving	unnaturally	or	

erratically.		In	addition,	individuals	do	not	always	react	to	a	stimulus	in	the	same	

way	in	social	and	asocial	contexts	(Koski	and	Burkart	2015).		Therefore	an	

important	step	towards	a	better	understanding	of	the	evolution	of	personality	is	to	
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conduct	research	that	quantifies	individual	personalities,	and	distribution	of	

personalities	in	natural	populations.	

We	tested	for	non-random	assortment	in	wild	animals	by	conducting	two	

assays	of	boldness	on	Mexican	Jays	(Aphelocoma	wollweberi;	hereafter	MEJA)	and	

California	Scrub-Jays	(Aphelocoma	californica;	hereafter	CASJ).		These	two	species	

inhabit	similar	scrub-oak	and	pine	habitat,	but	differ	in	social	behavior.		MEJA	live	in	

stable	groups	year-round	on	an	all-purpose	territory.		Kin	and	non-kin	help	the	

breeding	pairs	feed	nestlings	and	defend	the	territory	against	predators	and	

territory	intruders	(Brown	1994).		Low	levels	of	immigration	seem	to	be	sufficient	

for	inbreeding	avoidance	such	that	the	average	relatedness	within	a	group	is	low	

(Brown	and	Brown	1981).		There	are	between	5-25	jays	in	overlapping	generations	

in	each	group,	and	the	group	territory	is	maintained	indefinitely	with	a	slow	

turnover	in	group	members.		This	system	could	allow	for	increased	stability	and	

persistence	of	personality	assortment	because	social	interactions	with	group	mates	

over	several	years	of	development	may	strongly	shape	personality	traits	of	young	

jays.		If	so,	there	could	be	exaggeration	in	the	degree	of	the	trait	within	groups	over	

time	(Wolf	et	al.	2011).		In	contrast,	CASJ	are	solitary	monogamous	breeders.		Young	

CASJ	disperse	from	the	natal	territory	shortly	after	independence,	so	development	

of	personality	is	likely	to	occur	in	the	absence	of	consistent	social	interactions.		

Additionally,	CASJ	mate-pairs	are	unlikely	to	be	genetically	closely	related,	so	any	

pattern	in	personality	assortment	more	likely	results	from	active	mate	choice	

(Gabriel	and	Black	2012).		Once	a	territory	and	mate	are	acquired,	pairs	remain	

together	for	life	(given	successful	nesting	attempts),	so	it	is	also	possible	that	limited	
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plasticity	of	adult	personality	traits	might	result	in	weakly	assortative	or	

disassortative	pairings	by	personality	(Edenbrow	et	al.	2017;	Westneat	et	al.	2015).		

As	such,	if	the	number	and	timing	of	consistent	social	interactions	are	an	important	

influencing	factor	above	and	beyond	genetic	factors,	then	the	two	different	social	

systems	would	lead	to	distinct	effects	on	individual,	and	group	or	pair	personality.	

The	SNS	and	CON	hypothesis	yield	contrasting	predictions	about	the	

direction	of	the	effect	of	social	interactions	on	personality	development	(Fig.	1).		By	

definition,	an	individual	personality	trait	results	in	decreased	within-individual	

variance	in	behavior	for	increased	response	consistency	(Dingemanse	and	

Dochtermann	2013;	Dochtermann	and	Dingemanse	2013).		In	addition,	if	the	SNS	

hypothesis	is	supported	there	will	be	high	between-individual	variance,	and	no	

difference	in	group	average	personality	score	across	groups.		In	contrast,	the	CON	

hypothesis	would	predict	low	between-individual	variance	in	personality	scores	

among	group	mates,	and	a	significant	difference	in	group	average	scores	across	

groups.		In	our	system,	to	find	support	for	either	hypothesis	we	specifically	tested:	

1)	if	there	are	significant	differences	in	average	boldness	among	groups	(MEJA)	or	

pairs	(CASJ),	2)	whether	there	is	low	between-individual	variance	in	boldness	

scores	within	groups	or	pairs	of	jays	and,	3)	whether	the	number	of	early	social	

interactions	plays	an	important	mechanistic	role,	as	evidenced	by	MEJA	showing	

smaller	within-individual	variance	than	CASJ,	which	have	few	consistent	social	

interactions.	

Methods	
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	 Subjects:	We	conducted	boldness	assessments	on	55	adult	MEJA	around	the	

Southwestern	Research	Station	in	Portal,	Arizona	from	May	–	November	2015.		

These	individuals	were	naturally	grouped	into	7	distinct	flocks	ranging	from	6–15	

jays	(mean	7.86).		We	also	assessed	boldness	of	35	adult	CASJ	on	20	stable	

territories	in	Willamette	Mission	State	Park	in	Keizer,	Oregon	from	April	2014	–	

November	2016.		All	jay	subjects	of	both	species	were	trained	to	come	to	a	whistle	

for	peanuts,	and	received	the	same	trapping	and	handling	procedure	to	apply	

unique	color	band	combinations.		All	methods	were	approved	by	the	University	of	

Washington	Institutional	Animal	Care	and	Use	Committee	(protocol	#4064-03),	and	

the	appropriate	permitting	agencies	(Bird	Banding	Lab	#22802,	Oregon	Department	

of	Fish	and	Wildlife	#015-16,	Oregon	State	Parks	#007-14,	US	Fish	and	Wildlife	

Service	#MB51894B-0,	Arizona	Game	and	Fish	Department	#SP697293).	

We	experimentally	measured	jay	boldness	with	novel	object	approach	(NOA)	

and	flight	initiation	distance	(FID)	assessments.		We	chose	these	two	types	of	

assessments	because	they	are	commonly	used	measures	of	boldness,	but	they	

measure	boldness	in	two	different	contexts	(e.g.	Carter	et	al.	2010;	Jolles	et	al.,	

2013).		The	NOA	assessment	measures	boldness	towards	a	potential	threat	in	a	

foraging	context,	while	the	FID	assessment	measures	boldness	in	a	non-foraging	

threat	context.			

Novel	object	approach:	NOA	assessments	for	each	species	included	both	

control	and	experimental	trials	that	varied	only	in	the	novelty	of	the	object.		During	

experimental	trials,	a	yellow	plastic	duck,	approximately	four	inches	in	length	and	

height,	was	placed	on	the	ground	within	three	concentric	layers	of	peanuts	on	the	
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territory	of	each	subject	(Fig.	2a).		During	control	trials,	the	duck	was	replaced	with	

a	rock	of	similar	size	and	shape,	so	that	the	only	novel	feature	was	the	non-random	

arrangement	of	peanuts.		The	first	layer	of	peanuts	was	placed	touching	the	central	

object	such	that	one	peanut	was	touching	each	side	(front,	back,	left,	right).		The	

next	layer	of	peanuts	was	placed	8	inches	(20cm)	further	away,	but	in	line	with	the	

first	layer.		The	third	and	last	layer	of	peanuts	was	placed	an	additional	8	inches	

away	from	the	middle	layer,	16	inches	(40cm)	from	the	central	object,	and	in	line	

with	the	other	two	peanuts.		We	used	peanuts	that	appeared	to	be	the	same	size	and	

shape,	and	placement	of	peanuts	was	random	so	there	would	be	no	correlation	

between	nutritional	value	and	distance	from	the	central	object.		

To	maintain	the	novelty	of	the	assessment,	we	conducted	only	one	trial	a	day	

per	territory	and	no	more	than	two	total	experimental	and	control	trials	on	each	

territory.		Trials	lasted	up	to	15	minutes,	or	until	all	peanuts	were	taken,	and	we	

randomized	the	order	of	control	and	experimental	trials	on	each	territory.		Before	

each	trial	we	called	jays	in	to	the	center	of	the	territory	and	checked	for	motivation	

to	engage	in	the	task	by	tossing	2	peanuts	on	the	ground.		If	jays	quickly	came	down	

to	get	these	peanuts	then	we	set	up	the	assessment	and	began	the	trial.	

Jays	were	allowed	to	take	multiple	peanuts	per	trial	as	a	group.	Wild	MEJA	

typically	move	around	the	territory	as	a	unit	and	will	predominantly	encounter	

novelty	as	a	group	(Brown	1963;	Koski	and	Burkart	2015),	so	our	setup	is	

evolutionarily	and	ecologically	relevant.		However,	it	is	possible	that	MEJA	approach	

to	take	peanuts	not	based	on	boldness,	but	rather	dictated	by	a	dominance	

hierarchy	and	resource	monopolization	behaviors	(McCormack	et	al.	2007).		To	
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account	for	this	possible	confound,	we	quantified	the	order	in	which	jays	

approached	and	the	repeatability	of	first	approach	order.		Additionally,	for	our	

measure	of	boldness	we	quantified	the	closest	approach	distance	in	centimeters	to	

the	central	object,	including	jays	that	never	took	a	peanut.		Jays	that	never	

approached	to	2	meters	away	were	excluded	from	the	analyses	(n	=	3)	because	at	

greater	distances	we	could	not	exclude	confounding	possibilities	for	the	decision	not	

to	approach,	such	as	lack	of	food	motivation	or	distraction.		Similarly,	CASJ	pairs	

were	allowed	to	simultaneously	take	peanuts	during	the	NOA	assessment.		We	

repeated	the	NOA	assessment	on	18	CASJ,	9	months	after	the	first	trial.		Due	to	a	

more	time-limited	field	season	we	repeated	NOA	trials	on	16	MEJA	from	3	flocks	4	–	

11	weeks	after	the	first	experimental	trial.	

Flight	initiation	distance:	We	also	conducted	up	to	7	FID	assessments	on	each	

banded	jay	throughout	the	year.		When	a	solitary,	color-banded	jay	was	encountered	

sitting	un-obscured	at	a	low	height	(between	0	and	3	meters	high),	and	not	engaged	

with	food,	the	experimenter	directed	his	or	her	gaze	towards	the	jay’s	face	(Eason	et	

al.	2006)	and	walked	towards	the	jay	at	a	normal	pace.		When	the	jay	flushed,	the	

experimenter	stopped	and	measured	the	distance	between	his	or	her	location	and	

the	jay’s	original	location	(Fig.	2b).		Smaller	FID	values	indicate	a	bolder	jay	that	is	

comfortable	letting	a	potential	predator	(human)	approach	closer.		Only	jays	with	

more	than	one	FID	measure	(n	=	47	MEJA,	n	=	28	CASJ)	were	included	in	

repeatability	analyses.	

Statistical	analyses:		FID	values	and	residuals	were	normally	distributed	

(Shapiro-Wilk	W	=	0.96,	p	=	0.10),	so	we	used	linear	regression	for	all	models	with	
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FID	as	the	dependent	variable.		Closest	approach	(in	cm)	to	the	novel	object	or	rock	

is	a	count	variable,	so	we	used	Poisson	regression	for	all	NOA	analyses.		All	models	

included	jay	ID	as	a	random	effect,	and	all	analyses	were	conducted	in	RStudio	

Version	1.0.136	(RStudio	Team	2015).		To	ensure	our	NOA	assessment	was	eliciting	

a	neophobic	response,	we	used	a	generalized	linear	mixed	effect	model	in	the	lme4	

package	(Bates	et	al.	2015)	to	measure	the	effect	of	treatment	(duck	versus	rock)	on	

closest	approach.			

To	verify	that	our	methods	were	capturing	an	aspect	of	personality,	we	

quantified	repeatability	of	individual	responses	in	both	assessments	across	time.		

We	only	used	data	from	birds	with	more	than	one	measure,	and	modeled	

repeatability	using	the	rpt	function	in	the	package	rptR	(Nakagawa	and	Schielzeth	

2010).		This	function	uses	mixed-effect	modeling	approaches	to	partition	variance,	

and	calculates	repeatability	as	the	ratio	of	variance	among	individuals	divided	by	

total	variance	(among	individual	plus	residual	variance).		The	rpt	function	also	

conducts	parametric	bootstrapping	for	confidence	intervals,	and	likelihood	ratio	

tests	for	p-values	for	each	estimate.		Repeatability	analyses	for	each	boldness	

method	in	each	species	resulted	in	4	models	(2	species	and	2	boldness	metrics)	

where	the	dependent	variables	were	the	repeated	measures	of	individual	boldness	

scores.			

Within	each	trial	on	each	MEJA	flock	or	CASJ	pair,	the	closest	approach	

distance	was	significantly	related	to	the	order	that	peanuts	were	taken	(MEJA:	ß		=	-

0.29,	z	=	-4.6,	p	<	0.01;	CASJ:	ß	=	-1.94,	z	=	-11.17,	p	<	0.01).		Additionally,	we	found	

evidence	that	the	dominance	hierarchy	affected	the	order	that	MEJA	approached	the	
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NOA	assessment	because	order	of	first	approach	was	significantly	repeatable	for	

individual	MEJA	across	the	two	trials	(n	=	16,	R	=	0.52,	p	=	0.02),	but	not	for	CASJ	(n	

=	18,	R	=	0,	p	=	1).		It’s	possible	that	jays	in	larger	groups	are	more	bold	in	their	

responses	(Stamps	and	Groothuis	2010).		However,	group	size	as	a	group-level	

covariate	did	not	improve	the	fit	of	NOA	or	FID	models	already	including	flock	ID	

(NOA:	X2	=	0.65,	p		=	0.42;	FID:	X2	=	1.97,	p		=	0.16).		Therefore	we	included	a	

covariate	of	individual	order	to	take	a	peanut	in	all	NOA	repeatability	analyses.	

We	did	not	find	a	significant	effect	of	sex	on	CASJ	boldness	(FID:	t	=	-1.24,	p	=	

0.23;	NOA:	t	=	-1.70,	p	=	0.10).		Unfortunately,	it	was	logistically	impossible	to	

determine	sex	in	all	MEJA	individuals	during	the	time	of	our	field	season	because	

only	a	few	jays	per	group	build	nests	each	breeding	season,	and	there	are	no	other	

behavioral	signals	of	sex	(Brown	1994).		As	such,	we	did	not	include	fixed	effects	of	

sex	in	our	models.		Previous	research	has	not	shown	a	consistent	effect	of	sex	on	

animal	personality	(Koski	and	Burkart	2015;	Titulaer	et	al.	2012;	van	Horik	et	al.	

2017),	and	there	is	low	sexual	dimorphism	in	these	jay	species	so	it	is	unlikely	we’d	

see	consistent	sex	differences	in	boldness.		Additionally,	all	data	from	hatch	year	

birds	were	excluded	from	analyses	because	of	the	possibility	that	personality	traits	

are	relatively	more	plastic	at	this	age	(Stamps	and	Groothuis	2010).	

To	test	whether	our	methods	measured	the	same	aspect	of	boldness	across	

contexts,	we	compared	the	two	types	of	boldness	scores	to	each	other	using	

Pearson’s	correlation	coefficient.		In	this	analysis	we	treated	each	individual	as	a	

single	observation,	and	calculated	the	average	of	the	repeated	boldness	measures	
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recorded	on	a	single	bird.		We	determined	significance	using	the	cor.test	function	in	

the	stats	base	package.			

To	assess	how	boldness	scores	are	distributed	within	groups	(MEJA	flocks	

and	CASJ	pairs)	we	again	used	the	rpt	function	to	build	on	our	repeatability	models	

by	including	group	ID	as	an	additional	random	effect.		In	this	way	we	were	able	to	

partition	variance	in	boldness	into	among	group,	among	individuals	within	a	group,	

and	residual	variance	in	order	to	test	for	support	of	the	SNS	or	CON	hypotheses,	and	

to	determine	whether	number	of	consistent	social	interactions	relates	to	within-

individual	variance.		Here	we	only	used	data	from	birds	with	more	than	one	data	

point	and	we	also	only	used	CASJ	pairs	with	data	on	both	birds	(n	=	18	jays).		We	

used	the	p-values	and	confidence	intervals	output	by	the	rpt	function	to	determine	

the	repeatability	of	each	random	effect	in	these	models.		We	also	determined	

significance	of	the	random	group	effect	from	Chi-squared	values	of	likelihood	ratio	

tests	that	compared	the	change	in	log-likelihood	of	a	model	with	the	random	group	

effect	to	one	without	it.	

Results	

Novel	object	approach:		Our	NOA	assessment	elicited	a	neophobic	response.		

Individuals	of	both	species	had	significantly	smaller	closest	approach	distances	

(MEJA	ß	=	2.03,	z	=	33.6,	p	<	0.01;	CASJ	ß	=	3.09,	z	=	20.4,	p	<	0.01),	indicating	more	

bold	responses,	during	the	control	trial	when	the	rock	was	in	the	middle	(MEJA	

mean	±	se	=	7.4	±	1.82cm;	CASJ	=	1.73	±	0.73cm)	than	in	the	experimental	trial	with	

the	duck	(MEJA	n	=	47,	56.34	±	11.02cm;	CASJ	n	=	35,	37.94	±	11.1cm).		This,	

combined	with	consistently	jumpy	and	nervous	behavior	in	the	presence	of	the	duck	
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but	not	the	rock	(personal	observation),	confirms	that	the	duck	stimulus	was	

aversive	and	jays	classified	it	as	a	threat	(Greggor	et	al.	2015).		After	including	order	

of	approach	as	a	fixed	effect	to	account	for	that	potential	confound,	we	found	that	

NOA	distance	was	repeatable	for	CASJ	(n	=	18,	R	=	0.59,	p	=	0.01)	and	for	MEJA	(n	=	

16,	R	=	0.49,	p		=	0.02).			

Flight-initiation-distance:		The	number	of	FIDs	collected	per	jay	did	not	differ	

by	species.		We	collected	between	2	–	7	FIDs	for	MEJA	(n	=	45,	mean	(±	se)	=	3.39	±	

0.18)	and	2	–	6	for	CASJ	(n	=	28,	mean	=	3.11	±	0.2;	z	=	0.5,	p	=	0.62).		Surprisingly,	

when	comparing	average	individual	scores	from	the	two	boldness	methods,	our	

results	suggest	that	the	methods	were	not	measuring	the	same	aspect	of	personality.		

There	was	no	significant	correlation	between	FID	and	NOA	for	either	species	(MEJA	

n	=	35,	r	=	-0.001,	p	=	1;	CASJ	n	=	28,	r	=	0.24,	p	=	0.22).	

FID	score	did	not	change	in	relation	to	breeding	season.		We	classified	the	

breeding	season	as	March	–	July,	and	non-breeding	season	as	August	–	February.		

Looking	only	at	jays	with	FIDs	from	both	seasons,	we	found	no	difference	in	FID	

scores	by	breeding	season	(t-test:	MEJA	n	=	18,	t	=	1.23,	p	=	0.22;	CASJ	n	=	17,	t	=	

0.77,	p	=	0.44),	so	FID	data	from	both	seasons	were	combined	for	each	jay.		

Repeatability	of	CASJ	FID	was	extremely	low	and	close	to	zero	(mean	=	21.47	±	

0.74m;	R	=	0.01,	p	=	0.13;	Fig.	3),	indicating	this	may	be	an	unsuitable	paradigm	for	

this	particular	species.		In	contrast,	MEJA	FID	scores	were	highly	repeatable	(mean	=	

11.12	±	0.63m;	R	=	0.47,	p	<	0.001).			

Boldness	distribution:		We	found	support	for	the	CON	hypothesis	over	the	SNS	

hypothesis.		There	was	a	significant	group	effect	leading	to	group	repeatability	and	



	 102	

clustering	of	scores	within	groups	for	both	MEJA	FID	(R	=	0.38;	χ2	=	16.5,	p	<	0.001)	

and	MEJA	NOA	(R	=	0.57;	χ2	=	5.4,	p	=	0.02)	boldness	scores.		There	was	no	

significant	group	effect	for	either	method	in	CASJ	(FID:	R	=	0;	χ2	=	0,	p	=	0.5;	NOA:	R	

=	0;	χ2	=	0,	p	=	0.5).		This	indicates	that	MEJA	overlap	in	individual	boldness	scores	

within	a	group,	and	groups	differ	in	average	boldness	(Fig.	4).		If	frequent	social	

interactions	with	consistent	partners	have	an	impact	on	personality	development,	

then	social	species	will	have	smaller	within-individual	variance	components	(more	

repeatable	traits)	than	asocial	species	(Bergmüller	and	Taborsky	2010;	Webster	and	

Ward	2011).		However	we	did	not	find	a	significant	difference	in	species	NOA	

within-individual	variance	because	all	confidence	intervals	overlap	(Fig.	3),	but	

species	did	significantly	differ	in	the	FID	within-individual	component.		Due	to	the	

unrepeatability	of	CASJ	FID	resulting	from	the	extremely	large	within-individual	

variance	component,	this	result	should	be	interpreted	with	caution.			

Discussion	

In	this	experiment	we	are	among	the	first	to	quantify	the	distribution	of	

personality	traits	among	and	within	groups	of	wild	animals.		These	results	indicate	

that	the	higher	frequency	of	repeated	social	interactions	in	MEJA	did	not	lead	to	

partitioning	and	specialization	of	degree	of	boldness,	but	instead	MEJA	show	

evidence	for	conformity.		In	contrast,	the	distribution	of	CASJ	mate-pair	boldness	

scores	shows	no	support	for	either	hypothesis.		Our	conclusions	are	based	on	data	

from	only	two	species,	but	this	information	adds	to	our	understanding	of	how	

inflexible	behavioral	phenotypes	could	be	favored	through	evolutionary	time	for	

group-living	species.		Lastly,	our	study	extends	previous	research	describing	animal	
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personality	because	our	subjects	were	wild,	free-flying	individuals	so	it	is	likely	the	

results	from	the	natural	behaviors	we	quantified	are	more	ecologically	relevant	than	

lab-based	studies	of	boldness	(Webster	and	Ward	2011).	

We	found	that	both	methods	to	measure	boldness	produced	consistent,	

repeatable	results	in	MEJA,	but	only	the	NOA	assessment	produced	repeatable	

results	in	CASJ.		FID	was	not	repeatable	for	CASJ,	potentially	because	the	open	and	

flat	park	environment	introduced	more	variance	in	starting	distance.		

Experimenters	could	sometimes	see	CASJ	from	further	away	than	what	was	usual	in	

MEJA,	and	were	therefore	walking	towards	jays	for	longer.		One	way	to	control	for	

this	in	future	research	might	be	to	quantify	experimenter	starting	distance	and	

number	of	steps	taken	before	the	animal	moves,	as	well	as	the	distance	to	the	

animal’s	original	location	after	it	moves.		Additionally,	species	differences	in	FID	

repeatability	might	arise	if	individual	behavioral	consistency	is	more	important	in	

MEJA;	because	they	evolved	in	larger	groups	with	more	coordinated	behaviors,	the	

need	to	predict	behavioral	responses	of	others	may	be	higher	(Wolf	et	al.	2011).	

NOA	and	FID	were	not	correlated,	suggesting	that	these	are	not	equivalent	

measures	of	boldness.		NOA	could	potentially	be	a	measure	of	exploration	(Reale	et	

al.	2007),	or	FID	could	be	measuring	activity	level	(Carter	et	al.	2012).		These	results	

indicate	that	future	studies	should	take	great	care	in	choosing	methods	for	assessing	

personality	traits	of	interest,	and	emphasizes	the	need	for	researchers	to	use	

multiple	different	methods	as	well	as	ecological	correlates	of	personality	(territory	

size,	daily	activity	patterns)	to	validate	their	measures	(Carter	et	al.	2013).		
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There	was	a	significant	effect	of	MEJA	group	membership	on	boldness	scores,	

and	this	indicates	some	level	of	conformity	where	group	mates’	boldness	scores	are	

similarly	clustered	around	a	specific	flock	mean	(Fig.	4).		In	group	living,	

cooperatively	breeding	species	like	MEJA,	conformity	and	predictability	of	behavior	

could	be	adaptive	for	increasing	and	maintaining	altruistic	cooperation.		The	

evolution	of	cooperation	among	unrelated	individuals	has	been	hypothesized	to	

occur	in	species	that	exhibit	long-term	interactions,	consistent	individual	variation	

in	behavior,	and	the	ability	to	detect	and	reject	cheaters	(McNamara	et	al.	2008).		In	

species	that	exhibit	conformity,	there	would	be	little	need	to	develop	costly	

mechanisms	for	detecting	cheaters	(Riolo	et	al.	2001).		As	such,	personality	

conformity	should	facilitate	cooperation	in	non-kin	group	living	species,	an	effect	we	

also	see	in	cooperatively	breeding	common	marmosets	(Koski	and	Burkart	2015),	as	

well	as	cooperative	dyadic	interactions	of	guppies	(Croft	et	al.	2009),	and	

chimpanzees	(Massen	and	Koski	2014).		Due	to	the	evolutionary	distance	between	

fish,	mammalian	and	avian	taxa,	this	could	indicate	a	general	trend	towards	

personality	conformity	in	altruistic	cooperative	social	groups	or	pairs.			

We	found	no	evidence	that	CASJ	are	specializing	or	conforming	in	their	

boldness	with	their	mate	(see	Supplementary	material).		Due	to	the	unrepeatability	

of	CASJ	FID	we	cannot	assume	we	accurately	measured	personality	with	this	metric,	

and	so	do	not	interpret	these	results	with	respect	to	our	hypotheses.		However,	

results	from	the	CASJ	NOA	assessment	can	be	interpreted,	and	the	distribution	of	

scores	appears	random;	there	is	no	significant	group	effect	as	expected	under	

conformity,	and	the	within-individual	variance	component	is	not	significantly	
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different	than	the	between-individual	variance,	contrary	to	predictions	under	SNS.		

Unlike	in	other	systems	that	exhibit	personality	conformity	related	to	dyad-level	

cooperation	(Croft	et	al.	2009;	Massen	and	Koski	2014),	the	cooperation	evident	in	

CASJ	is	not	altruistic.		Behavioral	coordination	to	raise	young	and	defend	the	

territory	yields	selfish,	as	well	as	cooperative	benefits.		Therefore,	selection	for	

consistent	and	similar	boldness	traits	may	be	less	strong	(McNamara	et	al.	2008).		

Nevertheless,	mate	choice	in	other	avian	systems	does	show	evidence	for	non-

random	positive	assortment	(Both	et	al.	2005;	Gabriel	and	Black	2012)	or	negative	

assortment	(Houtman	and	Falls	1994)	by	personality.		Consequently,	it	is	likely	that	

choice	of	mate	in	our	CASJ	population	occurs	more	opportunistically	in	response	to	

a	vacancy	in	a	breeding	position	(Curry	et	al.	2002),	or	could	be	related	to	factors	

such	as	territory	quality	or	availability,	and	physical	appearance	(Overeem	et	al.	

2014).			

	 Multiple	mechanisms	could	explain	the	assortment	of	personality	scores	in	

MEJA.		First,	previous	research	has	found	that	personality	traits	can	be	heritable	

(van	Oers	et	al.	2005).		Since	young	MEJA	delay	dispersal,	it’s	possible	that	groups	

are	comprised	of	highly	related	individuals	that	share	the	genetic	predisposition	for	

degree	of	boldness.		However,	early	research	on	this	population	found	that	

relatedness	within	groups	was	low	due	to	the	presence	of	unrelated	immigrant	

breeders,	and	ranged	from	0.02	to	0.22	(Brown	and	Brown	1981).		Similarly,	the	

level	of	emigration	and	immigration	seems	to	be	too	low	to	create	a	high	level	of	

conformity	if	individuals	are	directing	dispersal	towards	groups	with	similar	

phenotypes.		Variability	in	presence	of	certain	ecological	components	across	
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territories	could	also	shape	group-level	personality	(Bell	2005).		At	the	time	of	the	

study	the	territories	of	all	of	the	7	flocks	were	contained	within	an	approximately	

3.5	km	square	area.		As	such,	it	is	unlikely	that	the	flocks	experienced	ecological	

differences	between	their	territories	large	enough	to	shape	distinct	flock	

personalities.		Therefore,	the	most	parsimonious	explanation	is	that	the	within-

group	conformity	likely	occurs	through	social	learning	and/or	social	facilitation	of	

behavior	(Edenbrow	et	al.	2017)	during	juvenile	development.		Boldness,	or	

propensity	to	take	risks,	could	be	a	trait	that	is	particularly	susceptible	to	a	

mechanism	of	learning	so	that	individuals	are	optimally	adapted	to	the	particular	

risks	in	their	local	environment.		For	example,	previous	research	across	taxa	has	

shown	that	observation	of	conspecific	mobbing	behavior	leads	to	social	learning	of	

novel	threats	(Cook	et	al.	1985;	Curio	et	al.	1978;	Mathis	et	al.	1996).		A	coordinated	

mobbing	response	to	a	visible	predator	is	important	to	successfully	repel	it,	so	it	

would	be	adaptive	for	young	jays	to	learn	similar	behavioral	responses	towards	

novel	and	potentially	threating	objects	from	group	members	(Croft	et	al.	2009;	

Edenbrow	et	al.	2017).			

	 	Our	study	improves	on	previous	research	on	the	evolution	of	personality	

because	we	measured	boldness	in	wild,	free-flying	animals,	and	compared	results	

across	closely	related	species	with	differing	degrees	of	consistent	social	interactions.		

Future	research	should	include	additional	assays	to	investigate	the	relationship	

between	food-related	and	predator-related	response	to	risk.		Furthermore,	

experimental	manipulation	and	longitudinal	tracking	of	individuals	would	elucidate	

the	relationship	between	development	of	individual	and	group-level	variation	in	
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personality	traits,	as	well	as	whether	certain	group	average	levels	of	boldness	relate	

to	higher	fitness.	
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Figures	

	

Figure	1:	Predicted	individual	boldness	estimates	(points)	and	residual	variance	

(whiskers)	under	each	hypothesis.		Under	the	conformity	hypothesis	there	would	be	

a	significant	group	effect	and	low	between-individual	variance.		Under	social	niche	

specialization	there	would	be	no	between-group	differences,	and	high	between-

individual	variance.		For	either	hypothesis,	species	would	differ	in	that	California	

Scrub-Jays	will	have	greater	residual	variance	than	Mexican	Jays	if	social	

interactions	are	important	for	development	of	consistent	personality	traits.		
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Figure	2:	Visual	depiction	of	the	methods	for	measuring	boldness:		a)	Novel	object	

approach,	bolder	jays	take	peanuts	from	closer	to	the	novel	object	(i.e.	the	rubber	

duck),	and	b)	Flight	initiation	distance,	jays	that	allow	a	human	to	walk	closer	before	

flushing	are	more	bold.	
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Figure	3:	The	top	row	of	plots	shows	repeatability	and	95%	confidence	intervals	of	

each	boldness	method	for	each	species	(Population),	and	the	change	in	repeatability	

after	the	group	effect	is	included	(Adjusted).		The	bottom	row	of	plots	shows	the	

partitioning	of	variance	components	with	95%	confidence	intervals	for	the	

repeatability	models	that	include	the	group	effect.		Mexican	Jay	repeatability	drops	

after	group	is	included	because	between-individual	variance	is	now	accounted	for	

by	group	membership	(support	for	Conformity	hypothesis).	
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Figure	4:	Scatterplot	of	jay	boldness	scores	by	group.		This	figure	illustrates	the	

clustering	of	boldness	around	a	group-level	mean	in	Mexican	Jays,	but	not	California	

Scrub-Jays.		Dots	represent	the	average	score	of	an	individual,	and	darker	areas	

indicate	multiple	individuals	overlapping	in	scores.	Vertical	lines	through	dots	

represent	standard	error	of	the	mean	for	jays	with	multiple	measures.		Jays	with	

only	one	measure	are	present	in	the	novel	object	plots	as	circles	with	no	vertical	

lines.	
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Supplementary	material	

It’s	possible	that	we	saw	group-level	conformity	in	boldness	scores	for	MEJA	

but	not	CASJ	because	in	the	former	species,	cooperation	occurs	at	the	group-level.		

MEJA	defend	the	territory,	and	communicate	predator	threats	as	a	group	(Brown	

1994).		Additionally,	reproductive	cooperation	occurs	at	the	group-level.		During	the	

breeding	season,	several	jays	in	a	flock	will	form	relatively	stable	social	mate-pairs,	

where	they	build	a	nest	together	and	the	male	mate-guards	the	female.		After	the	

eggs	hatch,	all	jays	in	the	flock	feed	the	nestlings	and	it	becomes	impossible	to	

behaviorally	identify	which	pair	belongs	to	the	nest	(Brown	1972;	Li	and	Brown	

2002).		MEJA	are	not	genetically	monogamous	within	a	breeding	season	and	often	

switch	social	mates	each	season,	so	while	flock	composition	is	stable	across	years	

mate-pairs	are	not.		In	contrast,	long-term	cooperation	for	reproduction,	predator	

vigilance,	and	territory	defense	in	CASJ	all	occurs	at	the	level	of	the	mate-pair.		Other	

systems	that	exhibit	dyad-level	cooperation	also	show	dyadic	personality	

assortment	(i.e.	chimpanzees,	Massen	and	Koski	2014;	and	guppies,	Croft	et	al.	

2009).		Therefore,	we	took	additional	steps	to	further	investigate	for	CASJ	boldness	

assortment	relative	to	the	species	differences	in	the	level	at	which	cooperation	

occurs.		First,	we	compared	the	difference	in	CASJ	mate-pair	boldness	scores	to	the	

difference	in	known	MEJA	social	mate-pair	boldness	scores.		Additionally	we	

compared	CASJ	mate-pairs	to	MEJA	boldness	scores	at	the	group	level.		If	CASJ	mate-

pairs	require	the	same	level	of	cooperation	as	MEJA	groups,	than	we	would	expect	

that	the	within-pair	variability	in	boldness	of	CASJ	would	be	the	same	as	within-

group	variability	in	MEJA	boldness,	and	greater	than	that	observed	in	known	MEJA	
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social	mate-pairs.		Secondly,	if	positive	or	negative	personality	assortment	is	

beneficial	for	CASJ	cooperation,	than	the	difference	in	observed	pair	boldness	values	

should	be	significantly	smaller	or	larger	than	that	expected	if	jays	were	paired	

randomly	with	respect	to	boldness.		

Finally,	previous	research	in	MEJA	has	found	typical	breeding	pairs	within	

groups	to	be	comprised	of	at	least	one	immigrant,	such	that	relatedness	in	the	flock	

is	not	different	from	the	population	average	(Brown	and	Brown	1981).		However,	

one	alternative	hypothesis	to	explain	our	findings	of	group-level	conformity	is	that	

the	genetically	unrelated	mate-pairs	are	the	least	similar	in	personality,	and	related	

group-mates	inherited	boldness	scores	that	cluster	around	the	mate-pair	scores.		To	

test	for	this,	we	also	conducted	randomization	tests	of	MEJA	pair	boldness	scores.		If	

the	difference	in	observed	pair	boldness	scores	is	significantly	higher	than	expected	

from	random	pairing	within	the	flock,	then	the	hypothesis	is	supported	and	our	

results	are	likely	confounded	by	trait	heritability.		

Methods:	To	identify	MEJA	social	mate-pairs,	we	noted	nest	building	

behaviors,	copulation	events,	or	mate-feeding	behaviors	while	the	female	was	

incubating.		In	this	way	we	identified	8	MEJA	pairs	from	4	flocks.		We	were	unable	to	

conduct	NOA	assessments	in	2	of	those	flocks	resulting	in	data	from	only	3	MEJA	

pairs,	but	we	did	have	FID	data	from	members	of	all	8	MEJA	pairs.		In	CASJ	we	had	

NOA	data	for	13	pairs,	and	FID	data	for	11	pairs.		For	each	pair,	and	for	MEJA	groups	

we	calculated	the	observed	coefficient	of	variation	(hereafter	CV),	calculated	as	the	

standard	deviation	of	boldness	scores	divided	by	the	mean	of	boldness	scores	
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(Whitehead	2008).		We	used	Mann-Whitney	tests	to	compare	the	CV	between	

species	because	data	were	not	normally	distributed.			

We	also	conducted	randomization	tests	to	determine	assortment	by	boldness	

of	mate-pairs	within	species.		For	CASJ,	we	compared	the	observed	CV	of	pair	

difference	scores	(absolute	value	of	female	minus	male	boldness	scores)	to	that	

resulting	if	males	and	females	are	randomized	among	territories.		This	

randomization	allowed	us	to	test	whether	the	observed	mate-pair	difference	scores	

were	smaller	or	larger	than	expected	if	jays	were	pairing	randomly	with	respect	to	

boldness.		For	MEJA,	we	compared	observed	CV	of	pair	difference	scores	to	that	

resulting	if	we	randomized	identity	of	mate-pairs	within	flocks.		We	determined	

significance	as	alpha	less	than	or	equal	to	0.05	by	quantifying	the	proportion	of	CV	

scores	from	randomized	data	that	are	more	extreme	than	our	observed	value.	

Results:		We	found	no	significant	species	differences	(Fig.	5)	when	we	

compared	mate-pair	difference	score	CV	for	NOA	(W	=	18.5,	p	=	0.9,	95%	confidence	

interval	(CI)	=	-1.33,	1.16),	or	FID	(W	=	40.5,	p	=	0.80,	CI	=	-0.18,	0.14).		Additionally,	

the	CV	of	CASJ	mate-pair	boldness	was	not	different	from	the	CV	of	boldness	scores	

of	MEJA	groups	(NOA:	W	=	19,	p	=	0.46,	CI	=	-1.06,	0.32;	FID:	W	=	25,	p	=	0.13,	CI	=	-

0.18,	0.04).			

The	difference	in	pair	boldness	scores	in	either	species	was	not	significantly	

different	from	scores	of	randomly	paired	conspecific	jays.		The	CV	for	CASJ	pair	

boldness	did	not	differ	from	random	(FID	p	=	0.12,	NOA	p	=	0.18;	Fig.	6).		These	

results	provide	no	support	for	either	the	SNS	or	CON	hypotheses,	but	indicate	that	

CASJ	likely	acquire	mates	opportunistically	when	territory	vacancies	occur.		
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Similarly,	the	CV	for	the	difference	in	boldness	of	MEJA	known	mate-pairs	did	not	

differ	from	those	resulting	if	jays	are	randomly	paired	within	the	flock	(FID	p	=	0.28,	

NOA	p	=	0.29;	Fig.	6).	This	demonstrates	that	the	observed	boldness	conformity	

within	MEJA	groups	is	not	due	to	kin-structured	grouping	of	boldness	scores	around	

maximally	different	breeding	pairs.	

Due	to	the	small	NOA	sample	sizes	(n	=	3	MEJA	pairs),	the	fact	that	CASJ	FID	

is	not	a	repeatable	measure,	and	the	ambiguous	results	of	our	species	comparisons	

it	is	hard	to	reject	the	null	hypothesis	that	CASJ	pairs	are	forming	randomly	with	

respect	to	boldness.		MEJA	are	likely	not	a	system	in	which	we	should	expect	

positive	or	negative	assortment	in	mate-pair	scores	because	jays	are	not	genetically	

monogamous	within	a	breeding	season,	or	socially	monogamous	across	breeding	

seasons.		As	such,	it	is	not	valid	to	conclude	anything	further	from	these	data	about	

species	differences	in	mate-pair	boldness	scores.		Further	longitudinal	research	is	

necessary	to	better	understand	how	MEJA	social	mate	pairs	form	each	season,	and	

what	traits,	if	any,	CASJ	attend	to	during	mate	choice.	
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Figure	5:	Comparisons	of	the	coefficient	of	variation	(CV)	of	boldness	scores	of	

California	Scrub-Jay	(CASJ;	dark	gray)	mate-pairs	to	Mexican	Jay	(MEJA;	light	gray)	

mate-pairs	on	the	left	for	both	novel	object	approach	and	flight	initiation	distance.		

On	the	right,	boxplots	show	the	comparison	of	the	CV	of	CASJ	mate-pair	boldness	

scores	to	the	CV	of	boldness	within	MEJA	groups	for	each	measure.	
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Figure	6:		Results	from	the	randomization	tests.		We	calculated	the	coefficient	of	

variation	for	observed	differences	(red	vertical	lines)	in	boldness	scores	of	

California	Scrub-Jay	(CASJ;	dark	grey)	and	Mexican	Jay	(MEJA;	light	grey)	mate-pairs	

to	those	resulting	from	10,000	permutations	of	our	data.		For	both	flight	initiation	

distance	and	novel	object	approach,	the	difference	between	mate-pairs	in	boldness	

scores	was	neither	larger,	nor	smaller	than	expected	if	jays	paired	randomly.	
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Conclusions	and	future	directions	

The	research	presented	here	has	answered	some	important	questions	in	the	

comparative	cognition	field.		Previous	studies	seeking	to	explain	the	evolution	of	

complex	cognitive	abilities	have	used	broad	proxy	measures	of	sociality	and	

cognition	that	are	not	appropriate	for	all	taxa	(Bergman	and	Beehner	2015).		Those	

studies	that	do	measure	cognition	from	performance	on	experimental	tasks	are	

mainly	conducted	in	lab	environments	with	tightly	controlled	artificial	conditions	

(Shettleworth	2010).		Instead,	we	directly	compared	social	complexity	and	cognitive	

abilities	in	two	congeneric	species	in	the	wild.		While	there	are	many	questions	still	

to	address,	we	believe	this	study	is	an	important	step	towards	critically	assessing	

what	we	are	measuring	when	designing	experiments	to	test	the	SIH	and	related	

hypotheses.	

	 First,	we	have	shown	that	broad	group-level	definitions	of	complex	sociality,	

such	as	group	size	or	breeding	system,	do	not	accurately	capture	the	quality	of	

individual	relationships.		Selection	for	increased	cognitive	abilities	likely	occurs	at	

the	dyad	level	since	the	outcome	of	individual	social	interactions	in	complex	groups	

can	determine	survival	and	fitness	(Duckworth	2009;	Taborsky	and	Oliveira	2012).		

Therefore	in	future	research	it	will	be	important	to	account	for	social	complexity	at	

multiple	scales	(Whitehead	2008),	and	determine	which	cognitive	mechanisms	are	

likely	important	for	navigating	certain	social	interactions	(Bergman	and	Beehner	

2015).	

	 Second,	we	found	that	performance	on	a	cognitive	assessment	in	captivity	

does	not	equate	to	performance	of	wild	conspecifics.		Previous	research	in	diverse	
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taxa	have	shown	captive	subjects	outperform	wild	conspecifics	on	identical	tasks	

(i.e.	Benson-Amram	et	al.	2013;	Bouchard	et	al.	2007;	Gajdon	et	al.	2004;	Webster	

and	Lefebvre	2001).		Yet	here	we	have	shown	the	opposite.		Subjects	temporarily	

held	in	captivity	took	significantly	longer	to	solve	a	novel	foraging	task	than	wild	

conspecifics.		Our	results	combined	with	those	from	previous	research,	indicate	it	is	

unlikely	that	studies	of	cognitive	performance	on	subjects	in	the	lab	can	be	

generalized	to	the	species	as	a	whole.	

	 Young	individuals	of	the	social	species	(Mexican	Jays,	hereafter	MEJA)	

experience	prolonged	development	in	their	natal	group	(Brown	1994),	a	system	in	

which	we’d	expect	to	see	evidence	for	socio-cognitive	mechanisms	like	social	

learning	(Laland	2004).		In	contrast,	even	though	asocial	California	Scrub-Jay	(CASJ)	

adult	mate-pairs	have	higher	quality	social	interactions,	young	disperse	after	

becoming	independent	(Curry	et	al.	2017)	and	so	likely	individually	learn	many	

behaviors.		Therefore,	if	SIH	is	supported	we	expected	MEJA	to	excel	in	social	

learning	over	CASJ.		Our	third	experiment	quantified	social	learning	ability	in	these	

two	congeneric	species	in	the	wild.		We	found	some	evidence	for	social	facilitation	

on	the	motivation	to	engage	with	the	task	in	MEJA.		However,	our	results	indicated	

that,	on	a	complex	foraging	task,	jays	prioritize	personal	information	over	social	

learning	from	a	knowledgeable	conspecific.	Therefore	we	found	no	support	for	the	

SIH	because	the	species	with	a	complex	social	system	did	not	outperform	the	asocial	

species	on	our	task.	

	 It	is	possible	that	the	foraging	environment	is	not	sufficiently	complex	or	

risky	to	merit	the	evolution	of	socio-cognitive	mechanisms	(Kendal	et	al.	2005).		
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Alternatively,	it	may	be	more	likely	that	MEJA	would	socially	learn	appropriate	

behavioral	responses	towards	threatening	stimuli.		Therefore	we	took	one	

additional	step	to	further	examine	the	role	of	social	facilitation	on	boldness	

behaviors.		We	found	MEJA	individuals	within	groups	were	similar	in	their	

responses	towards	two	kinds	of	threats,	and	social	group	mean	responses	differed.		

In	contrast	CASJ	showed	no	similarity	in	response	with	their	mate.		These	results	

further	indicate	that	social	facilitation	plays	an	important	role	in	shaping	behavior	

in	this	social	species,	and	it	is	likely	that	conformity	in	behavior	increases	efficiency	

of	cooperation	(Edenbrow	et	al.	2017).	

We	did	not	find	strong	support	for	the	SIH,	but	we	did	find	evidence	that	

MEJA	attend	to	the	behavior	of	group-mates.		In	social	groups	(like	MEJA)	where	

there	is	a	dominance	hierarchy,	individuals	would	benefit	from	the	ability	to	infer	

the	rank	of	individuals	by	observing	conspecific	interactions	(Bond	et	al.	2003).		In	

fact,	it’s	possible	that	the	weaker	quality,	but	greater	quantity	of	social	bonds	in	

MEJA	reflects	generalized	attention	to	all	group-mates	in	order	to	attend	to	

dominance	interactions.		Therefore,	future	research	could	compare	MEJA	and	CASJ	

in	the	wild	on	a	transitive	inference	task.		If	there	is	no	difference	in	performance	on	

this	additional	assessment,	then	we	need	to	critically	reconsider	the	factors	

important	for	cognitive	evolution	in	birds.	
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