
	
	
	
	
	
	
	
	
	
	
	

Does	nest	concealment	in	Wood	Thrushes	predict	predation	risk	and	female	stress	
levels?	

	
	
	
	
	
	
	
	
	
	
	

Alexandra	Israel	
	
	
	

A	thesis	submitted	to	the	Faculty	of	Graduate	Studies	in	partial	fulfillment	of	the	
requirements	for	the	degree	of	Master	of	Science	

	
	
	

GRADUATE	PROGRAM	IN	BIOLOGY	
YORK	UNIVERSITY	
Toronto,	Ontario	

	
	
	
	

April	2021	
	

	
	

©	Alexandra	Israel,	2021



	 ii	

Abstract	
	
	 The	Wood	Thrush	(Hylocichla	mustelina)	is	a	long-distance	migrant	that	has	

declined	severely	in	the	last	50	years	and	is	currently	listed	as	a	Species	at	Risk	in	

Canada.	This	study	investigated	whether	nest	concealment	from	nest	predators	and	

brood-parasitic	Brown-headed	Cowbirds	had	an	influence	on	the	success	of	Wood	

Thrush	nests.	Through	visual	estimates	of	concealment	in	186	nests	over	3	years,	

results	show	that	Wood	Thrushes	experience	high	nest	predation	(53.2%)	and	

moderate	cowbird	parasitism	(25.3%)	in	southwestern	Ontario.	However,	nest	

concealment	does	not	predict	probability	of	having	a	successful	nest	or	evading	

parasitism.	We	also	tested	if	nest	concealment	impacts	an	incubating	female’s	flight	

initiation	distance	(FID)	or	corticosterone	level	(a	measure	of	stress).	Although	we	

found	no	correlation	between	these	variables,	this	is	the	first	step	in	understanding	

if	nest	site	selection	affects	the	female	directly,	and	not	just	her	immediate	nesting	

success.	
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Introduction		
	
	 Predation	is	an	extremely	important	selective	pressure,	and	animals	have	

evolved	a	variety	of	adaptations	to	defend	themselves,	which	could	be	behavioral	

(e.g.	hiding,	fleeing),	morphological	(e.g.	spines,	colouration)	or	physiological	(e.g.	

toxins)	(Kats	&	Dill	1998).	Choosing	a	safe	breeding	site	is	a	potential	anti-predator	

strategy	for	animals	that	produce	stationary	offspring,	such	as	insects,	reptiles,	

mammals,	and	birds	(Spencer	2002;	Goodnow	&	Reitsma	2011;	Pradhan	et	al.	2017;	

Jones	&	Agrawal	2019).	It	has	been	shown	that	female	Monarch	butterflies	(Danaus	

plexipuss)	will	choose	to	avoid	laying	eggs	on	host	plants	that	are	currently	occupied	

by	larvae	of	the	same	species,	to	reduce	competition	and	predation	by	cannibalism	

of	their	offspring	(Jones	&	Agrawal	2019).	In	freshwater	turtles	(Emydura	

macquarrii),	studies	have	shown	that	predation	of	nests	can	influence	nest	site	

selection,	where	female	turtles	consistently	build	in	areas	where	nests	are	more	

likely	to	survive	predation	(Spencer	2002).	Additionally,	in	Indian	giant	squirrels	

(Ratufa	indica),	it	has	been	shown	that	squirrels	consistently	choose	taller	trees	to	

construct	their	nests,	likely	as	a	way	to	avoid	predators	(Pradhan	et	al.	2017).	

Choosing	a	safe	nesting	site	is	important	for	offspring	success	and	fitness	of	the	

mother	in	species	where	nest	site	characteristics	predict	predation	risk.		

	

	 This	study	tests	if	a	threatened	songbird,	the	Wood	Thrush,	uses	nest	

placement	and	concealment	as	a	predator	avoidance	strategy.	Nest	predation	is	a	

major	source	of	nest	failure	in	many	species	of	birds,	accounting	for	nearly	80%	of	
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nest	failures	on	average	(Lack	1954;	Ibanez-Alamo	et	al.	2015;	Thys	et	al.	2019,	Jara	

et	al.	2020).		Nest	predation	is	a	strong	evolutionary	force	in	birds	(Martin	1993;	

Willson	&	Gende	2000;	Weidinger	2002)	and	an	important	contributor	to	

population	declines	of	birds	(Martin	1993).	Many	birds	have	evolved	a	variety	of	

strategies	to	defend	their	eggs	and	young	from	predators.	These	strategies	can	

include	direct	defense	of	the	nest	by	the	parents	(Montgomerie	&	Weatherhead	

1988)	or	more	indirect	defense	through	placement	of	the	nest	or	timing	of	breeding	

(Weidinger	2002).	To	reduce	the	risk	of	predation,	birds	could	choose	nesting	sites	

in	areas	with	a	low	predation	risk	(Martin	1993;	Wilson	&	Cooper	1998)	and	

attempt	to	conceal	their	nest	(e.g.	camouflage,	dense	vegetation)	from	diurnal	

predators.		

	

	 The	nest-concealment	hypothesis	(Martin	&	Roper	1988;	Holway	1991;	

Martin	1993;	Goodnow	&	Reitsma	2011;	Weidinger	2002;	Borgman	&	Conway	

2015;)	predicts	(1)	songbirds	should	choose	nesting	sites	with	more	dense	foliage	

than	random	sites	and	(2)	the	probability	of	nest	predation	should	decrease	with	

increased	foliage	density	(Goodnow	&	Reitsma	2011).	Previous	studies	in	this	field	

have	found	some	support	for	this	hypothesis.	For	example,	Canada	Warblers	

(Wilsonia	canadensis)	choose	nesting	sites	that	have	significantly	greater	

concealment	and	vegetation	density	when	compared	to	randomly	selected	sites	

within	the	birds’	territory	(Goodnow	&	Reitsma	2011).	Black-throated	Blue	

Warblers	(Setophaga	caerulescens)	choose	dense	shrub	patches	to	build	their	nests,	

which	could	provide	better	concealment	from	predators	(Holway	1991).	However,	
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other	experimental	studies	have	found	that	high	nest	concealment	with	vegetation	

is	not	necessarily	a	significant	factor	in	determining	the	success	of	a	nest	(Howlett	&	

Stutchbury	1996;	Burhans	&	Thompson	1998;	Peak	2003;	Li	et	al.	2018;	Jara	et	al.	

2020),	perhaps	because	many	predators	do	not	hunt	visually.	For	Wood	Thrushes,	I	

will	test	whether	greater	nest	concealment	is	associated	with	reduced	nest	

predation	rate.	

	

	 Nesting	success	of	songbirds	is	strongly	impacted	by	brood	parasitism	by	the	

Brown-headed	Cowbird	(Molothrus	ater),	which	is	both	a	nest	predator	(via	host	egg	

removal)	and	a	parasite	of	host	parental	care.	Female	Brown-headed	Cowbirds	lay	

their	eggs	in	the	nest	of	a	host	species	and	typically	remove	one	or	more	host	eggs.	

Most	hosts	accept	the	foreign	egg	and	raise	the	young	cowbirds,	which	are	often	

much	larger	than	the	host	young.	This	heightened	food	competition	typically	

reduces	the	reproductive	success	of	the	host	species	by	50%	or	more	(Brittingham	

&	Temple	1983;	Hackemack	et	al.	2016).	Brown-headed	Cowbirds	were	found	

primarily	in	the	Midwestern	United	States	prior	to	the	1800s,	but	with	extensive	

deforestation	and	conversion	to	agricultural	land,	Brown-headed	Cowbirds	have	

expanded	their	range	all	over	North	America	(Brittingham	&	Temple	1983).	Many	

songbirds	within	this	range	have	not	coevolved	with	Brown-headed	Cowbirds,	so	

they	are	evolutionarily	naïve	and	lack	defense	mechanisms	against	brood	parasites.	

In	some	studies,	rates	of	parasitism	by	Brown-headed	Cowbirds	are	not	influenced	

by	concealment	of	the	nest,	or	other	nest	site	characteristics	(Hackemack	et	al.	
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2016).	With	Brown-headed	Cowbirds	being	diurnal	and	visually	oriented,	increased	

nest	concealment	should	reduce	rates	of	brood	parasitism	in	Wood	Thrushes.		

	

	 Although	the	nest	concealment	hypothesis	expects	females	to	conceal	their	

nests	as	much	as	possible,	in	most	species	there	is	wide	variation	among	nests	in	

extent	of	concealment.	Why	do	some	females	not	do	a	better	job	of	hiding	their	

nests?	Nest	site	selection	may	involve	a	tradeoff	between	concealing	the	nest	from	

predators	and	having	sufficient	visibility	around	the	nest	to	detect	approaching	

predators	(Götmark	et	al.	1995).	If	a	nest	is	well	concealed,	the	female	bird	may	not	

be	able	to	detect	an	approaching	predator	in	time,	and	risk	injury	or	death	to	

herself.	Timing	of	escape	for	prey	animals	is	crucial	to	avoid	a	lethal	encounter,	so	

choosing	a	partially	concealed	nest	could	maintain	a	sufficient	view	of	the	nest	site	

surroundings	and	reflect	the	tradeoff	between	minimizing	both	nest	predation	and	

predation	on	parents	(Götmark	et	al.	1995).		

	

	 The	distance	between	the	female	parent	and	the	approaching	predator	when	

escape	is	initiated	is	defined	as	the	“flight	initiation	distance”	(FID),	which	can	be	

adjusted	depending	on	the	situation	(Javurkova	et	al.	2012).	If	the	current	value	of	

reproduction	is	high	(ie.	nestlings	would	take	a	great	deal	of	time	and	energy	to	

replace)	the	female	bird	should	be	reluctant	to	flush	and	give	away	her	position	to	a	

predator,	reducing	FID	(Montgomerie	&	Weatherhead	1988).	Additionally	if	the	risk	

of	predation	is	low,	many	prey	animals	will	lower	their	FID	and	flee	the	nest	only	

when	the	predator	is	very	close	(Javurkova	et	al.	2012).	Nest	concealment	can	also	
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influence	FID	by	obstructing	the	bird’s	view	of	the	surrounding	area,	obscuring	

potential	predators	from	the	female	bird	until	they	are	very	close	to	the	nest	

(Javurkova	et	al.	2012).	Wood	Thrush	females	may	be	placing	nests	in	areas	with	

lower	vegetation	concealment	in	order	to	better	detect	predators.	In	this	study,	I	

test	if	the	distance	at	which	female	Wood	Thrushes	flush	from	the	nest	as	a	predator	

approaches	is	negatively	correlated	with	extent	of	nest	concealment.	

	

	 Nest	placement	could	also	have	physiological	benefits	to	nesting	females	if	

this	reduces	their	stress	levels.	Physiologically,	a	response	to	stress	is	caused	by	the	

activation	of	the	hypothalamus-pituitary-adrenal	(HPA)	axis,	which	increases	the	

secretion	of	corticosterone	(Wingfield	et	al.	1998;	Williams	et	al.	2008).	The	level	of	

stress	a	bird	is	experiencing	can	be	quantified	by	measuring	the	amount	of	

corticosterone	in	the	blood.	Previous	research	has	found	that	birds	who	experience	

higher	predator	abundance	also	have	higher	baseline	levels	of	corticosterone	

(Clinchy	et	al.	2004).	These	high	corticosterone	levels	can	have	long-term	effects,	

such	as	delayed	breeding	(Schoech	et	al.	2009)	and	reduced	reproductive	success	

(Bonier	et	al.	2009).	Females	with	highly	concealed	nests	may	have	lower	risk	of	

nest	predation	but	at	the	expense	of	higher	risk	of	mortality	to	themselves,	which	

should	induce	chronic	stress.	I	am	aware	of	only	one	study	that	has	investigated	the	

relationships	between	FID,	nest	concealment,	and	stress	response	in	birds,	which	

was	on	nesting	Eider	Ducks	(Somateria	mollissima)	(Seltmann	et	al.	2014).	Female	

Eider	ducks	who	were	less	responsive	to	induced	handling	stress,	as	measured	by	

the	increase	in	body	temperature,	were	found	to	nest	in	more	concealed	nesting	
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sites	(Seltmann	et	al.	2014).	This	was	explained	by	personality	differences	among	

individuals	in	that	bold	(low	FID)	and	high	risk-taking	individuals	(low	

responsiveness	to	stress)	choose	concealed	nest	sites	to	maximize	their	

reproductive	success	even	if	this	increases	predation	risk	to	themselves.	However,	

corticosterone	levels	in	female	eider	ducks	did	not	vary	significantly	with	nest	

concealment,	which	was	unexpected.	In	this	study,	I	examine	the	relationship	

between	corticosterone	levels	in	female	Wood	Thrushes	and	nest	concealment.		

	

The	Wood	Thrush	(Hylocichla	mustelina)	is	a	long-distance	migrant	that	has	

declined	severely	in	the	last	50	years	and	is	currently	listed	as	a	threatened	Species	

at	Risk	in	Canada	(Government	of	Canada	2017).	Wood	Thrushes	are	known	for	

nesting	in	low	branches	of	the	shrub	layer,	usually	less	than	5m	from	the	ground,	

making	their	nests	easily	accessible	for	study	(Birds	of	the	World	2020).	They	nest	

in	a	variety	of	habitats	ranging	from	mature	forest	interior	to	scrubby	forest	edge	

(COSEWIC	2012),	they	are	double	brooded,	and	a	breeding	pair	will	continue	to	re-

nest	after	a	nest	failure	(Newell	&	Kostalos	2007).	The	relative	abundance	and	

accessibility	of	Wood	Thrush	nests	make	this	species	an	ideal	subject	for	studying	

nest	characteristics	and	concealment.		

	

Previous	work	on	this	species	has	found	mixed	results	for	whether	dense	

vegetation	near	the	nest	or	nest	concealment	predicts	nesting	success.	Farnsworth	

&	Simons	(1999)	found	that	canopy	cover	directly	above	the	nest,	but	not	shrub	

density,	was	significantly	correlated	with	successful	Wood	Thrush	nests	in	a	large	
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contiguous	forest.	Newell	&	Kostalos	(2007)	estimated	nest	concealment,	using	a	

scale	of	0	–	3,	of	Wood	Thrushes	nesting	in	a	highly	fragmented	landscape.	They	

found	no	evidence	that	nest	concealment	or	canopy	cover	predicted	nest	success	

and,	surprisingly,	that	stem	density	near	the	nest	was	associated	with	higher	

predation.	Further	studies	of	fragmented	landscapes,	particularly	in	Canada	where	

Wood	Thrushes	are	threatened,	are	needed	because	small	fragments	can	be	

population	sinks	due	to	high	nest	predation	and	cowbird	parasitism,	contributing	to	

overall	population	declines	(Brittingham	&	Temple	1983).		

	

I	hypothesized	that	Wood	Thrushes	nesting	in	fragmented	landscapes,	where	

predator	risk	is	generally	high,	use	nest	concealment	behaviour	to	reduce	the	risk	of	

nest	predation.	I	predicted	that	nests	placed	in	areas	of	high	concealment	would	be	

less	likely	to	be	depredated,	and	less	likely	to	be	parasitized	by	Brown-headed	

Cowbirds,	compared	with	more	visible	nests.	Unlike	prior	studies	on	this	species,	I	

quantified	nest	concealment	in	detail	via	analysis	of	images	of	nests.	Additionally,	I	

tested	for	the	first	time	whether	nest	concealment	influences	stress	levels	in	

incubating	females	and	their	flight	initiation	distance	in	response	to	a	predatory	

threat.	I	predicted	that	greater	nest	concealment	would	result	in	shorter	flight	

initiation	distances	and	tested	if	corticosterone	levels	of	incubating	females	are	

related	to	nest	concealment.	
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Methods		
	

Study	sites	
	

In	2017,	2018	and	2019,	Wood	Thrush	nests	were	found	within	forest	

fragments	throughout	Norfolk	County,	southwestern	Ontario,	a	region	with	17%	

forest	cover	located	on	the	north	shore	of	Lake	Erie	(Eng	et	al.	2011).	Forest	

fragments	were	selected	based	on	sufficient	forest	coverage,	land	ownership	of	the	

forest,	and	distance	between	study	sites	for	logistical	purposes.	Forest	fragments	

were	categorized	into	10	small	fragments	(11	–	69	ha)	and	10	large	fragments	(162	

–	500	ha)	and	consisted	of	deciduous	and	mixed	forest.	Within	these	fragments,	

forest	cover	was	fairly	continuous	and	only	interrupted	by	walking	trails,	small	

streams,	and	ravines.	Video	documentation	of	nest	predators	of	Wood	Thrush	nests	

in	southwestern	Ontario	forests	include	Raccoons	(Procyon	lotor),	Cooper’s	Hawks	

(Accipiter	cooperii),	American	Crows	(Corvus	brachyrynchos),	Blue	Jays	(Cyanocitta	

cristata),	Red	Squirrels	(Tamiasciurus	hudsonicus),	Eastern	Chipmunks	(Tamias	

striatus),	Eastern	Gray	Squirrels	(Sciurus	carolinensis),	Red-tailed	Hawks	(Buteo	

jamaicensis),	Sharp-shinned	Hawks	(Accipiter	striatus),	and	Short-tailed	Weasels	

(Mustela	erminea)	(Friesen	et	al.	2013).	

	

Locating	and	monitoring	nests	
	
	 Nests	were	located	May-Aug	by	(i)	finding	singing	males	within	the	study	

sites	and	then	intensively	searching	likely	areas	within	their	territories,	(ii)	by	

finding	females	carrying	nesting	material	and	following	them	to	their	nesting	
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location,	or	(iii)	searching	typical	nesting	habitats.	Nests	were	checked	on	average	

every	8	days.	To	check	the	nests	in	the	least	invasive	way	possible,	a	cellphone	with	

video	recording	capabilities	was	attached	to	a	long	stick	and	raised	over	top	of	each	

nest,	while	standing	as	far	back	from	the	nest	as	possible.	The	video	would	be	

reviewed	away	from	the	nest	and	allow	us	to	determine	if	it	remained	active.	

Indicators	such	as	eggshells,	an	empty	nest	that	previously	contained	eggs,	or	

feathers	from	nestlings/adults	would	allow	us	to	mark	the	nest	as	depredated.	For	

active	nests,	when	the	nestlings	survived	to	be	approximately	10	days	old,	the	

nestlings	were	banded	with	aluminum	Canadian	Wildlife	Service	bands	and	fitted	

with	radio	tags	by	the	other	researchers	also	studying	this	breeding	population	of	

Wood	Thrushes.	Female	Wood	Thrushes	will	incubate	their	eggs	for	about	13	to	14	

days,	and	young	will	begin	to	fledge	(leave	the	nest)	around	12	days	after	hatching	

(The	Cornell	Lab	of	Ornithology	2017).	For	this	study,	each	nest	was	checked	one	

final	time	when	the	nestlings	were	10	days	old,	and	the	nest	was	recorded	as	

successful	if	nestlings	were	present,	or	depredated	if	nestlings	were	absent.	For	this	

reason,	a	nest	was	considered	successful	if	the	nestlings	survived	to	be	10	days	old.	

We	also	noted	the	presence	or	absence	of	Brown-headed	Cowbird	eggs	or	nestlings	

(hereafter	“cowbirds”)	in	the	nest	when	it	was	active.	 	

	

Nest	concealment	measurements	
	
	 The	concealment	of	a	nest	was	measured	at	least	one	week	after	the	nestlings	

fledged	to	avoid	disturbance	to	the	fledglings	who	may	remain	in	the	nest	vicinity	

until	they	become	more	mobile.	Concealment	was	measured	at	three	different	
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heights	(at	ground	level,	at	nest	height,	and	1m	above	nest	height),	and	from	the	

four	primary	compass	directions	around	the	nest.	Percentage	of	concealment	was	

also	estimated	directly	above	and	below	the	nest.	Concealment	scoring	was	

accomplished	by	taking	a	photo	of	the	nest	and	estimating	the	percentage	of	the	nest	

that	was	concealed	to	the	nearest	10%.	All	concealment	scoring	was	completed	by	

one	person	(A.I.)	to	avoid	inconsistencies	when	scoring	the	concealment	values.	The	

overall	concealment	of	each	nest	was	calculated	as	the	average	of	the	14	estimates	

of	concealment	for	each	nest	(similar	to	Howlett	&	Stutchbury	1996).	

	

FID	measurements		
	
	 FID	measurements	were	taken	in	the	summer	of	2018	and	2019	during	

regular	nest	checks,	so	as	not	to	cause	female	Wood	Thrushes	to	flush	from	their	

nests	more	than	necessary.	If	a	female	Wood	Thrush	was	seen	sitting	on	her	nest	

during	the	incubation	period,	the	nest	was	approached	from	a	random	direction	at	a	

steady	walking	pace,	and	in	a	straight	line.	The	point	at	which	the	female	left	her	

nest	was	the	FID	measurement	and	was	recorded	in	meters.		

	

Blood	Sampling	
	
	 Blood	sampling	occurred	in	the	summer	of	2018	and	2019	on	adult	female	

Wood	Thrushes	that	were	radio-tagged	as	part	of	another	ongoing	project	for	this	

population	of	Wood	Thrushes.	All	blood	sampling	was	performed	by	PhD	student	

Brendan	Boyd,	and	most	samples	were	taken	in	the	morning	to	standardize	
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sampling	(Done	et	al.	2011).	Mist	nets	were	set	up	around	Wood	thrush	nests	and	

were	monitored	closely	to	ensure	that	baseline	blood	samples	were	taken	less	than	

three	minutes	from	the	moment	of	capture	to	reflect	baseline	conditions.	Blood	was	

taken	from	the	brachial	vein	of	one	wing;	the	vein	was	punctured	with	a	small	gauge	

needle	and	capillary	tubes	were	used	to	collect	the	blood	(approximately	100ul	of	

blood	was	taken).	A	second	blood	sample	was	taken	from	the	other	wing	after	the	

bird	was	held	for	30	minutes,	to	measure	the	induced	stress	response	of	the	bird.	

Blood	samples	were	immediately	transferred	into	400ul	Eppendorf	tubes	and	

stored	on	ice.	After	returning	from	the	field,	blood	samples	were	centrifuged	within	

five	hours	and	blood	plasma	was	separated	and	stored	in	a	freezer.	Corticosterone	

concentration	was	determined	at	Dr.	Macdougal-Shackleton’s	lab	at	Western	

University	by	both	myself	and	Brendan	Boyd,	using	the	commercially	available	

ENZO	Life	Sciences	Corticosterone	ELISA	kit	in	the	process	described	by	Washburn	

et	al.	(2002).	

	

Statistical	analysis	
	
	 The	nest	concealment	data	was	not	normally	distributed;	therefore	the	

differences	in	nest	concealment	among	successful/unsuccessful	and	non-

parasitized/parasitized	nests	were	calculated	using	non-parametric	statistical	tests	

(Mann-Whitney	U-test	and	generalized	linear	models	(GLMs)).	All	statistical	tests	

and	figures	were	generated	in	RStudio	(Version	1.1.456).	
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Results		
	

Nest	concealment	and	predation/parasitism		 	
	 	

	 Of	all	nests	found,	53.2%	(99	of	186)	failed	due	to	nest	predation	and	25.3%	

(47	of	186)	were	parasitized	by	cowbirds.		

	

	 Overall	nest	concealment	varied	widely	among	females,	from	<5%	hidden	to	

>60%	hidden,	with	an	average	~30%	(Fig.	1).	For	nests	that	had	no	cowbirds,	there	

was	no	significant	difference	in	overall	concealment	between	successful	(fledged	at	

least	one	young;	mean	=	31.0%		±	1.91)	or	depredated	nests	(mean	=	27.6%	±	1.50;	

Fig.	1;	Mann-Whitney	U	test,	U=2097,	n	=	139,	p=0.201).	Even	when	each	nest	

concealment	metric	was	analyzed	individually	(concealment	from	the	ground	level,	

nest	level	and	1m	above	the	nest),	there	were	also	no	significant	differences	

between	successful	or	depredated	nests	(P	>	20;	Table	1).	When	analyzing	the	

influence	of	multiple	variables	(concealment,	nest	height,	fragment	size,	and	year)	

on	the	outcome	of	nests	through	a	binomial	generalized	linear	model	(GLM),	the	fit	

of	the	model	was	insignificant	for	all	variables	of	overall	concealment,	concealment	

at	ground	level,	nest	level,	and	1m	above	the	nest	(Table	2).		

	

	 For	cowbird	parasitism,	there	was	also	no	significant	difference	in	overall	

concealment	between	non-parasitized	(mean	=	29.2%		±	1.20)	or	parasitized	nests	

(Fig.	2;	mean	=	27.8%	±	2.45;	U=3492.5,	n=	186,	p=0.48),	and	there	were	no	

significant	differences	for	any	individual	concealment	metric	(P	>	0.40;	Table	1).	A	
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binomial	GLM	including	nest	height,	fragment	size,	and	year	found	the	model	for	

overall	concealment	was	also	insignificant	(Table	2).		

	

Concealment,	corticosterone	and	flight	initiation	distance	
	
	 There	was	no	relationship	found	between	overall	nest	concealment	and	

corticosterone	(CORT)	concentrations	at	either	the	baseline	sampling	time	

(immediately	after	capture)	or	the	30-minute	sampling	time	(Fig	3)	in	either	year.	

As	expected,	CORT	concentrations	were	significantly	higher	after	the	induced	30-

min	stress	protocol	(Table	3).		

	

	 Unexpectedly,	the	vast	majority	(88%)	of	FID	measurements	were	0m	in	

2018	(Fig.	4A),	but	FID	measurements	were	more	variable	in	2019	(Fig	4B).	There	

was	no	relationship	between	FID	and	overall	concealment	(Table	3).	
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Table	1.	Comparisons	of	Mann-Whitney	U-test	values	for	different	measures	of	nest	
concealment	of	successful	vs.	depredated	nests	(n	=	139)	and	non-parasitized	vs.	
parasitized	nests	(n	=	186).	Ground	concealment	includes	the	concealment	scores	
from	all	4	cardinal	directions	at	the	ground	level,	and	also	the	concealment	score	for	
directly	under	the	nest.	Additionally,	1m	concealment	includes	the	concealment	
scores	from	all	4	cardinal	directions	at	1m	above	the	nest,	and	also	the	concealment	
score	for	directly	1m	over	the	nest.	

	
	 Concealment	variables	

	 Ground	 Nest	 1m	above	 Overall	

Successful	
versus	
depredated	

U=2153,		
p=0.297		

U=2462,	
p=0.7941		

U=2207,	
p=0.4157		

U=2097,		
p=0.201		

Non-parasitized	
versus	
parasitized	

U=3351.5,	
p=0.7909	

U=3320.5,	
p=0.8664	

U=3393,	
p=0.6928	

U=3492.5,	
p=0.4796		
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Table	2.	The	z-values	and	p-values	for	a	binomial	generalized	linear	model	(GLM)	
predicting	nest	predation	(n	=	139)	using	multiple	different	predictors	(overall	
concealment,	nest	height,	fragment	size,	and	year).	

	
Predictors		 z	value	 p	value	
Overall	concealment	 1.322	 0.186	
Nest	height	 -0.051	 0.959	

Fragment	size	 1.130	 0.258	
Year	 -1.132	 0.258	

	 	 	
Overall	ground-level	concealment	 1.556	 0.120	

Nest	height	 -0.099	 0.921	
Fragment	size	 1.296	 0.195	

Year	 -1.261	 0.207	

	 	 	

Overall	nest-level	concealment	 0.197	 0.844	
Nest	height	 0.025	 0.980	
Fragment	size	 1.271	 0.204	

Year	 -1.101	 0.271	

	 	 	

Overall	concealment	1m	above	nest	 0.659	 0.510	
Nest	height	 0.035	 0.972	

Fragment	size	 1.072	 0.284	
Year	 -1.074	 0.283	
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Table	3.	The	t-values	and	p-values	for	a	gamma	generalized	linear	model	(GLM)	
predicting	base-level	(3	min)	CORT	levels	using	multiple	different	predictors	(nest	
concealment,	nest	height,	fragment	size,	and	year).	Additionally,	z-values	and	p-
values	for	a	poisson	generalized	linear	model	(GLM)	is	shown,	predicting	FID	using	
the	same	predictors.	

	
	 Baseline	CORT	 30	minute	CORT	 FID	

	 t	value	 p	value	 t	value	 p	value	 z	value	 p	value	

Overall	concealment	 0.001	 0.999	 -0.272	 0.787	 0.387	 0.699	

Nest	height	 -1.094	 0.281	 -0.659	 0.514	 -1.623	 0.105	

Fragment	size	 1.074	 0.289	 -0.396	 0.694	 -0.567	 0.570	

Year	 1.783	 0.082	 0.426	 0.673	 2.231	 0.026	
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Figure	1.	Logistic	regression	plot	showing	the	probability	of	nest	success	in	Wood	
thrushes	(0	=	unsuccessful,	1	=	successful;	n=139)	in	relation	to	overall	nest	
concealment	(%).	Only	nests	that	were	not	parasitized	by	Brown-headed	cowbirds	
are	included.		
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Figure	2.	Logistic	regression	plot	showing	the	probability	of	cowbird	eggs	present	
in	Wood	thrush	nests	(0	=	cowbird	eggs	present,	1	=	no	cowbird	eggs;	n	=	186)	in	
relation	to	overall	nest	concealment	(%).		
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Figure	3.	The	relationship	between	corrected	corticosterone	concentration	
(ng/mL)	and	overall	concealment,	from	baseline	stress	blood	samples	(A;	n	=	44)	
and	from	30-minute	samples	(B;	n	=	43),	for	2018	and	2019.	
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Figure	4.		The	relationship	between	overall	concealment	and	FID	from	2018	(A;	n	=	
31)	and	2019	(B;	n	=	24).	Many	points	were	overlapping	at	0m	FID	in	2018,	and	so	
they	have	been	staggered.	
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Discussion:	
	

Nest	Failure	and	Brood	Parasitism		
	
	 In	this	study,	Wood	Thrushes	experienced	high	nest	predation	(53.2%)	in	the	

fragmented	forests	of	southwestern	Ontario.	Despite	the	large	variability	in	nest	

concealment	of	this	species,	this	does	not	predict	likelihood	of	predation	(Fig.	1,	

Tables	1-2).	Although	several	studies	of	North	American	songbirds	have	found	that	

nest	concealment	does	not	reduce	nest	predation	(Howlett	&	Stutchbury	1996,	

Burhans	&	Thompson	1998),	for	some	species	nest	concealment	is	effective	

(Goodnow	&	Reitsma	2011,	Matsui	&	Takagi	2012,	Mote	et	al.	2019).	Matsui	&	

Takagi	(2012)	found	that	nest	height	and	nest	concealment	were	important	factors	

affecting	nest	predation	in	Bull-headed	shrikes	(Lanius	bucephalus),	especially	

during	the	nestling	stage.	They	suggest	that	increased	concealment	and	height	of	the	

nest	can	reduce	predation	of	Bull-headed	shrike	nests	because	their	primary	

predator	(weasels)	mainly	hunt	using	visual	cues	(Matsui	&	Takagi	2012).	Mote	et	

al.	(2019)	found	that	success	of	Mourning	dove	(Zenaida	macroura)	nests	heavily	

depended	on	habitat	type	and	vegetation	density	below	the	nest,	suggesting	that	

terrestrial	animals	are	the	primary	predator.	One	key	reason	that	nest	concealment	

may	not	reduce	nest	failure	in	some	birds	is	because	their	key	predators	may	not	

rely	on	visual	cues	and	may	use	other	modalities	for	hunting.	For	instance,	

concealment	of	waterfowl	nests	did	not	predict	nest	predation	most	likely	because	

of	nocturnal	predators	such	as	raccoons	and	skunks	that	rely	on	olfactory	cues	

(Borgo	&	Conover	2016).	Nest	feces,	eggs,	and	incubating	birds	are	all	important	
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sources	of	olfactory	cues	that	predators	may	be	using	to	locate	nests	(cited	in	Borgo	

&	Conover	2016).	In	addition	to	the	different	strategies	that	predators	use	to	find	

nests,	nest	predation	can	also	occur	at	random,	with	some	nests	being	found	by	

predators	completely	by	chance	(Staller	et	al.	2005).	Understanding	how	nest	

success	is	affected	by	nest	concealment	therefore	requires	good	information	on	the	

identity	and	abundance	of	the	key	predators	(Schaefer	2004,	Staller	et	al.	2005,	

Friesen	et	al.	2013,	Goguen	and	Murray	2020)	but	such	data	are	scarce	due	to	high	

cost	of	video	surveillance	equipment	in	the	quantities	necessary	to	monitor	many	

nests	per	season.		

	 	

	 For	Wood	Thrushes,	the	nest	predators	have	been	identified	for	a	population	

near	Waterloo,	Ontario	(Friesen	et	al.	2013),	which	is	only	85	km	from	my	study	

area.	Four	of	the	five	top	nest	predators	were	diurnal	birds	(Brown-headed	cowbird,	

Cooper’s	hawk,	American	crow,	and	Blue	Jay)	and	these	accounted	for	77%	of	all	

documented	nest	predation	events	(Friesen	et	al.	2013).	Cowbird	predation	refers	

to	the	removal	of	eggs	at	the	incubation	stage	and	is	distinct	from	nest	parasitism,	

which	occurs	at	egg-laying.	The	only	major	nocturnal	predator	was	the	raccoon,	

which	destroyed	the	second-most	number	of	nests	and	accounted	for	18%	of	nest	

predation	(Friesen	et	al.	2013).	Friesen	et	al.’s	study	was	conducted	in	a	suburban	

woodlot,	so	this	may	not	fully	reflect	the	predator	communities	occurring	in	my	

study	sites	in	Norfolk	County,	which	is	rural	and	agricultural.	But	even	if	most	nest	

predators	were	diurnal	avian	predators	that	rely	on	visual	cues,	nest	concealment	

by	Wood	Thrushes	may	have	been	ineffective	because	it	rarely	exceeded	60%	(Fig.	
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1).	Wood	Thrushes	are	large-bodied	songbirds	and	have	large,	leafy	nests,	which	

may	be	inherently	difficult	to	conceal	from	sharp-eyed	predators.		

	

	 Future	research	on	nest	concealment	should	take	into	account	landscape	

level	differences	in	predator	abundance.	Some	studies	have	found	that	predator	

density	increases	as	landscapes	become	more	fragmented	and	interspersed	with	

agricultural	land	(Andren	1992).	Given	the	variety	of	forest	fragment	sizes	that	were	

used	in	this	study,	different	sites	may	represent	different	densities	and	types	of	

predators.	With	different	predators	having	different	strategies,	it	may	not	be	

feasible	for	nesting	females	to	assess	an	optimal	level	of	nest	concealment	in	a	given	

forest	site.	The	experience	of	the	nesting	female	may	also	be	important	in	nest	site	

selection	and	concealment,	both	within	and	between	years.	A	study	by	Hatchwell	et	

al.	(1999)	found	that	nest	height	and	breeding	experience	was	an	important	

determining	factor	in	the	success	of	cooperative-breeding	Long-tailed	Tit	

(Aegithalos	caudatus)	nests,	where	low	nests	were	more	successful	than	higher	

nests.	Moreover,	they	found	that	failed	breeders	who	assisted	conspecifics	with	

successful	nests	built	their	subsequent	nests	lower	than	nests	built	prior	to	their	

helping	experience	(Hatchwell	et	al.	1999).	A	new	avenue	to	explore	could	be	

examining	whether	Wood	Thrushes	also	learn	from	previous	failed	nesting	attempts	

and	whether	older	and	more	experienced	females	build	more	concealed	nests	than	

first-time	breeders.	The	former	would	likely	require	continuous	radio-tracking	of	

females	during	the	breeding	season	to	find	their	multiple	nesting	attempts.	
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	 This	study	determined	that	Wood	Thrushes	experience	moderate	cowbird	

parasitism	(25.3%)	in	the	fragmented	forests	of	southwestern	Ontario	and	that	nest	

concealment	does	not	reduce	the	likelihood	of	parasitism	(Fig.	2,	Table	1).	These	

findings	contrast	with	previous	studies	in	other	species	that	have	found	evidence	for	

nest	concealment	reducing	cowbird	parasitism.	Sharp	&	Kus	(2006)	found	that	

increased	microhabitat	vegetation	cover	around	Least	Bell’s	vireo	(Vireo	bellii)	nests	

was	correlated	with	reduced	cowbird	parasitism.	Additionally,	Saunders	et	al.	

(2003)	determined	that	concealment	played	an	important	role	in	nesting	Song	

sparrows	(Melospiza	melodia),	where	nests	that	were	well	concealed,	especially	

from	the	side-view,	encountered	less	parasitism	by	cowbirds.	Despite	this,	other	

studies	have	found	no	correlation	between	parasitism	and	concealment	in	other	

cowbird	hosts	(Burhans	&	Thompson	1998,	Banks	and	Martin	2000).	Female	

cowbirds	have	many	strategies	for	locating	host	nests,	which	is	not	surprising	given	

that	one	female	can	potentially	parasitize	dozens	of	nests	in	one	season.	Cowbirds	

have	been	shown	to	repeatedly	visit	many	host	nests	during	the	breeding	season	to	

optimize	the	timing	of	when	to	lay	their	eggs	(Norman	and	Robertson	1975).	Banks	

and	Martin	(2000)	showed	that	cowbirds	were	more	likely	to	parasitize	nests	of	

host	species	that	spent	more	time	at	the	nesting	site	during	the	nest-building	

process,	and	also	host	species	whose	males	vocalized	more	frequently.	If	cowbirds	

are	relying	on	the	movements	of	the	parents	to	find	host	nests,	vegetation	

concealment	may	not	impact	their	ability	to	locate	nests.	A	recent	experimental	

study	by	White	(2020)	found	that	once	female	cowbirds	found	a	nest,	they	have	the	

ability	to	recognize	the	amount	of	time	that	has	elapsed	between	nest	visits,	and	also	
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remember	the	number	of	host	eggs	added	to	the	nest	each	day.	White	(2020)	

showed	evidence	that	female	cowbirds	use	this	information	to	optimally	select	the	

best	nest	for	parasitism	during	the	host’s	egg-laying	period.	Concealing	a	nest	after	

it	has	already	been	found	by	a	cowbird	obviously	would	not	be	effective.	A	future	

behavioural	study	could	monitor	nest	building	at	individual	Wood	thrush	nests	and	

test	if	parental	secretiveness,	rather	than	nest	concealment,	better	predicts	risk	of	

cowbird	parasitism.		

	

Corticosterone	analysis	and	flight	initiation	distance			
	
	 The	results	of	this	study	provide	new	insights	for	the	relationship	between	

nest	concealment	and	how	this	might	influence	the	corticosterone	levels	of	a	nesting	

female	songbird.	To	my	knowledge,	no	other	study	has	explored	this	relationship	for	

a	songbird	and	so	it	is	difficult	to	make	a	priori	predictions.	Concealment	could	

reduce	stress	because	there	is	lower	risk	of	predation,	in	theory,	or	could	increase	

stress	because	the	female	cannot	detect	predators	approaching,	which	pose	a	threat	

to	her	own	life.	Although	I	found	that	nest	concealment	had	no	effect	on	the	baseline	

or	30-minute	corticosterone	concentration	of	nesting	females	(Fig.	3),	this	is	the	

first	step	in	understanding	if	nest	site	selection	affects	the	female	directly,	and	not	

just	her	immediate	nesting	success.	Clinchy	et	al.	(2004)	used	experimental	

predator	sound	playbacks	to	create	a	simulated	high	risk	of	nest	predation	for	

ground-nesting	Song	sparrows	and	found	that	this	increased	female	chronic	stress	

levels.	For	songbirds	in	general,	it	remains	unknown	to	what	extent	female	nest	site	
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selection	and	concealment	decisions	are	influenced	by	female	attempts	to	reduce	

their	chronic	stress.		

	

	 We	expected	to	find	a	negative	trend	between	concealment	and	flight	

initiation	distance	(FID)	in	nesting	female	Wood	thrushes	because	previous	studies	

have	found	evidence	that	females	with	well-concealed	nests	flush	at	shorter	

distances	(Albrecht	&	Klvana	2004,	Javurkova	et	al.	2012).	We	did	not	find	any	

correlation	between	FID	and	nest	concealment,	in	part	because	there	was	so	little	

variation	in	FID	(Fig.	4).	The	majority	of	the	FIDs	measured	in	2018	resulted	in	a	

measurement	of	0m	as	females	did	not	flee	until	literally	the	last	second,	but	in	2019	

measurements	were	more	variable.	Previous	studies	found	that	increased	

vegetation	cover	around	the	nest	decreases	the	FID	of	songbird	species	(Javurkova	

et	al.	2012),	suggesting	that	females	sit	tight	on	their	nests	as	a	secretive	strategy	to	

not	give	away	their	location	to	nearby	predators.	Given	that	nest	concealment	rarely	

exceeded	60%,	nesting	female	Wood	Thrushes	may	rely	on	their	cryptically	

coloured	plumage	and	not	flush	in	order	to	avoid	detection	by	predators.	Møller	et	

al.	(2019)	recently	published	a	study	on	93	European	bird	species	and	found	that	

birds	who	were	more	cryptically	coloured	had	consistently	shorter	FIDs.	Wood	

Thrush	females	may	be	purposefully	placing	nests	in	areas	with	lower	vegetation	

concealment,	to	safely	be	able	to	detect	predators	at	a	greater	distance	from	the	

nest,	and	to	assess	the	most	optimal	time	to	flee	if	this	becomes	necessary.	
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Conclusion	
	
	 With	dozens	of	migratory	songbirds	in	decline,	and	increasing	numbers	

joining	the	Species	at	Risk	list,	it	is	critical	to	understand	what	influences	nesting	

success.	Predation	and	brood	parasitism	are	the	leading	causes	of	nest	failure	in	

Wood	Thrushes,	so	testing	whether	nest	concealment	is	an	effective	

countermeasure	is	important	for	informing	future	conservation	efforts	for	this	

declining	species.	Understanding	what	influences	success	of	nests	is	also	important	

for	adding	to	the	growing	knowledge	of	this	bird’s	life	history	strategies,	and	

warrants	further	research	on	whether	Wood	Thrushes	can	adapt	to	changing	

anthropogenic	threats	and	predator	communities.	Many	woodland	songbirds	share	

the	same	habitat	requirements	as	Wood	Thrushes,	and	therefore	conserving	habitat	

that	provides	the	highest	chance	of	breeding	success	for	Wood	Thrushes	will	in	turn	

provide	ideal	habitat	for	many	other	species	in	need.		

	

	

	

	

	

	

	

	

	

	



	 28	

Bibliography	
	
Albrecht,	T.,	Klvana,	P.	2004.	Nest	crypsis,	reproductive	value	of	a	clutch	and	escape	
	 decisions	in	incubating	female	mallards	Anas	platyrhynchos.	Ethology.	110:	
	 603	–	613.	
	
Andren,	H.	1992.	Corvid	density	and	nest	predation	in	relation	to	forest	
	 fragmentation:	a	landscape	perspective.	Ecology.	73:	794–804.	
	
Banks,	A.J.,	Martin,	T.E.	2000.	Host	activity	and	the	risk	of	nest	parasitism	by	Brown-
	 headed	cowbrids.	Behavioral	Ecology.	12:	31	–	40.	
	
Birds	of	the	World.	2020.	Wood	Thrush	species	account.	Available	from	
	 https://birdsoftheworld.org/bow/species/woothr/cur/introduction	
	 [Accessed	20	Feb	2018]	
	
Bonier,	F.,	Martin,	P.R.,	Moore,	I.T.,	&	Wingfield,	J.C.	2009.	Do	baseline	
	 glucocorticoids	predict	fitness?	Trends	in	Ecology	Evolution.	24:634-642.	
	
Borgmann,	K.L.	&	Conway,	C.J.	2015.	The	nest-concealment	hypothesis:	new	insights	
	 from	a	comparative	analysis.	The	Wilson	Journal	of	Ornithology.	127:	646–
	 660.		
	
Borgo,	J.S.	&	Conover,	M.R.	2016.	Visual	and	olfactory	concealment	of	duck	nests:	
	 influence	on	nest	site	selection	and	success.	Human–Wildlife	interactions.	10:	
	 110–121.	
	
Burhans,	D.E.	&	Thompson,	F.R.	1998.	Effects	of	time	and	nest-site	characteristics	on	
	 concealment	of	songbird	nests.	The	Condor.	100:	663–672.	
	
Brittingham,	M.C.	&	Temple,	S.A.	1983.	Have	Cowbirds	caused	forest	songbirds	to	
	 decline?	BioScience.	33:	31–35.	
	
Clinchy,	M.,	Zanette,	L.,	Boonstra,	R.,	Wingfield,	J.C.,	Smith,	J.N.M.	2004.	Balancing	f
	 ood	and	predator	pressure	induces	chronic	stress	in	songbirds.	Proceedings	
	 of	the	Royal	Society	London	B.	271:	2473	–	2479.	
	
COSEWIC.	2012.	COSEWIC	assessment	and	status	report	on	the	Wood	Thrush	
	 Hylocichla	mustelina	in	Canada.	Committee	on	the	Status	of	Endangered	
	 Wildlife	in	Canada:	Ottawa.		
	
Done,	T.,	Gow,	E.A.,	Stutchbury,	B.J.M.	2011.	CORT	stress	response	and	plasma	
	 metabolite	levels	during	breeding	and	molt	in	a	free-living	migratory	
	 songbird,	the	wood	thrush	(Hylocichla	mustelina).	General	and	Comparative	
	 Endocrinology.	171(2):176-182.	



	 29	

Eng,	M.L.,	Stutchbury,	B.J.M.,	Burke,	D.M.	&	Elliot,	K.A.	2011.	Influence	of	forest	
	 management		on	pre-	and	post-fledging	productivity	of	a	Neotropical	
	 migratory	songbird	in	a		 highly	fragmented	landscape.	Canadian	Journal	
	 of	Forest	Research.	41:	2009–2014.	
	
Farnsworth,	G.L.	&	Simons,	T.R.	1999.	Factors	affecting	nesting	success	of	Wood	
	 Thrushes	in	Great	Smoky	Mountains	National	Park.	The	Auk.	116:	1075–
	 1082.	
	
Friesen,	L.E.,	Casbourn,	G.,	Martin,	V.	&	Mackay,	R.J.	2013.	Nest	predation	in	an	
	 anthropogenic	landscape.	The	Wilson	Journal	of	Ornithology.	125:	562–569.	
	
Goguen,	C.B.,	Murray,	L.D.	2020.	Nest	survival,	predator	assemblage,	and	patterns	of	
	 predation	at	Veery	(Catharus	fuscescens)	nests	in	a	mature	forest	landscape.	
	 The	Wilson	Journal	of	Ornithology.	132(2):	284	–	294.	
	
Goodnow,	M.L.	&	Reitsma,	L.R.	2011.	Nest-site	selection	in	the	Canada	Warbler	
	 (Wilsonia	canadensis)	in	central	New	Hampshire.	Canadian	Journal	of	
	 Zoology.	89:	1172–	 1177.	
	
Götmark,	F.,	Blomqvist,	D.,	Johansson,	O.C.,	Bergkvist,	J.	1995.	Nest	site	selection:	A		
	 trade-off	between	concealment	and	view	of	surroundings?	Journal	of	Avian	
	 Biology.	26:	305	–	312.	
	
Government	of	Canada.	2017.	Species	at	risk	public	registry:	Wood	Thrush	
	 Hylocichla	mustelina.	Available	from	https://www.registrelep-
	 sararegistry.gc.ca/species/speciesDetails_e.cfm?sid=1197	[accessed	27	Feb	
	 2018].	
	
Hackemack,	T.F.,	Loman,	Z.G.,	Riffell,	A.K.,	&	Rush,	S.A.	2016.	Do	nest	size	and	shape	
	 characteristics	affect	nest	parasitism	rates?	Wildlife	Society	Bulletin.	40:	722–
	 726.	
	
Hatchwell,	B.J.,	Russel,	A.F.,	Fowlie,	M.K.	&	Ross,	D.J.	1999.	Reproductive	success	and	
	 nest-site	selection	in	a	cooperative	breeder:	effect	of	experience	and	a	direct	
	 benefit	of	helping.	The	Auk.	116:	355–363.	
	
Holway,	D.A.	1991.	Nest-site	selection	and	the	importance	of	nest	concealment	in		
	 the	Black-throated	Blue	Warbler.	The	Condor.	93:	575–581.	
	
Hoover,	J.P.,	Brittingham,	M.C.	&	Goodrich,	L.J.	1995.	Effects	of	forest	patch	size	on	
	 nesting	success	of	Wood	Thrushes.	American	Ornithological	Society.	112:	
	 146–155.	
	
Howlett,	J.S.	&	Stutchbury,	B.J.	1996.	Nest	concealment	and	predation	in	Hooded	
	 Warblers:	experimental	removal	of	nest	cover.	The	Auk.	113:	1–9.			



	 30	

Ibanez-Alamo,	J.D.,	Magrath,	R.D.,	Oteyza,	J.C.,	Chalfoun,	A.D.,	Haff,	T.M.,	Schmidt,	K.A.,	
	 Thompson,	R.L.,	Martin,	T.E.	2015.	Nest	predation	research:	recent	finding	
	 and	future	perspectives.	Journal	of	Ornithology.	156:	S247	–	S262.	
	
Jara,	R.F.,	Crego,	R.D.,	Samuel,	M.D.,	Rozzi,	R.,	Jimenez,	J.E.	2020.	Nest-site	selection	
	 and	breeding	success	of	passerines	in	the	world’s	most	southernmost	forests.	
	 PeerJ.	8:	e9892.	
	
Javurkova,	V.,	Sizling,	A.L.,	Kreisinger,	J.	&	Albrecht,	T.	2012.	An	alternative	
	 theoretical	approach	to	escape	decision-making:	the	role	of	visual	cues.	PLoS	
	 ONE.	7:	e32522.	
	
Jones,	P.L.,	Agrawal,	A.A.	2019.	Beyond	preference	and	performance:	host	plant	
	 selection	by	monarch	butterflies,	Danaus	plexxippus.	Nordic	Society	Oikos.	
	 128:	1092	–	1102.		
	
Kats,	L.B.,	and	Dill,	L.M.	1998.	The	scent	of	death:	Chemosensory	assessment	of	
	 predation	risk	by	prey	animals.	Ecoscience.	5:361–394.	
	
Kilgo,	J.C.,	Sargent,	R.A.,	Chapman,	B.R.	&	Miller,	K.V.	1996.	Nest-site	selection	by	
	 Hooded	Warblers	in	bottomland	hardwoods	of	South	Carolina.	The	Wilson	
	 Bulletin.	108:	53–60.		
	
Lack,	D.	1954.	The	natural	regulation	of	animal	numbers.	Oxford	University	Press,	
	 Oxford.		
	
Li,	S.,	Qin,	J.,	Jin,	Z.,	Li,	W.,	Yan,	H.	2018.	Experimental	test	of	the	concealment	
	 hypothesis	using	Oriental	Skylark	(Alauda	gulgula)	nests	on	the	Tibet	
	 Plateau.	Russian	Journal	of	Ecology.	49(6):	588	–	590.		
	
Martin,	T.E.	1993.	Nest	predation	and	nest	sites.	BioScience.	43:	523–532.	
	
Martin,	T.E.	&	Roper,	J.T.	1988.	Nest	predation	and	nest-site	selection	of	a	western	
	 population	of	the	Hermit	Thrush.	The	Condor.	90:	51–57.	
	
Matsui,	S.,	Takagi,	M.	2012.	Predation	risk	of	eggs	and	nestlings	relative	to	nest-site	
	 characteristics	of	the	Bull-headed	Shrike	Lanius	bucephalus.	Ibis.	154:	621	–	
	 625.	
	
Møller,	A.P.,	Liang,	W.,	Samia,	D.S.M.	2019.	Flight	initiation	distance,	color,	and	
	 camouflage.	Current	Zoology.	65(5):	535	–	560.	
	
Montgomerie,	R.D.	&	Weatherhead,	P.J.	1988.	Risks	and	rewards	of	nest	defense	by	
	 parent	birds.	The	Quarterly	Review	of	Biology.	63:	167–187.		
	



	 31	

Mote,	K.W.,	Giese,	J.C.,	Mathewson,	H.A.,	Breeden,	J.B.	2019.	Factors	influencing	nest	
	 survival	of	Mourning	doves	in	the	Lower	Rio	Grande	Valley,	Texas.	The	
	 Southwestern	Naturalist.	64:	210	–	215.	
	
Newell,	F.L.	&	Kostalos,	M.S.	2007.	Wood	thrush	nests	in	dense	understory	may	be	
	 vulnerable	to	predators.	The	Wilson	Journal	of	Ornithology.	119:	693–702.	
	
Norman,	R.F.	&	Robertson,	R.J.	1975.	Nest-searching	behavior	in	the	Brown-headed	
	 Cowbird.	The		Auk.	92:	610–611.	
	
Peak,	R.	2003.	An	experimental	test	of	the	concealment	hypothesis	using	American	
	 goldfinch	nests.	The	Wilson	Bulletin.	115(4):	403	–	408.	
	
Pradhan,	A.K.,	Shrotriya,	S.,	Rout,	S.D.,	Dash,	P.K.	2017.	Nesting	and	feeding	habits	of	
	 the	Indian	giant	squirrel	(Ratufa	indica)	in	Karlapat	wildlife	sanctuary,	India.	
	 Animal	Biodiversity	and	Conservation.	40:1.	
	
Saunders,	C.A.,	Arcese,	P.,	O’Connor,	K.	D.	2003.	Nest	site	characteristics	in	the	Song	
	 sparrow	and	parasitism	by	Brown-headed	cowbirds.	The	Wilson	Bulletin.	
	 115:	24	–	28.	
	
Schaefer,	T.	2004.	Video	monitoring	of	shrub-nests	reveals	nest	predators.	Bird	
	 Study.	51(2):	170	–	177.	
	
Schoech,	S.J.,	Rensel,	M.A.,	Bridge,	E.S.,	Boughton,	R.K.,	&	Wilcoxen,	T.E.	2009.	
	 Environment,	glucocortinoids,	and	the	timing	of	reproduction.	General	
	 Comparative	Endocrinology.	163:201-207.	
	
Seltmann,	M.W.,	Jaatinem,	K.,	Steele,	B.B.,	Öst,	M.	2014.	Boldness	and	stress	
	 responsiveness	as	drivers	of	nest-site	selection	in	a	ground-nesting	bird.	
	 Ethology.	120:	77–89.	
	
Sharp,	B.L.,	Kus,	B.E.	2006.	Factors	influencing	the	incidence	of	cowbird	parasitism	
	 of	Least	Bell’s	vireos.	The	Journal	of	Wildlife	Management.	70(3):	682	–	690.	
	
Spencer,	R.	2002.	Experimentally	testing	nest	site	selection:	fitness	trade-offs	and	
	 predation	risks	in	turtles.	Ecology.	83(8):2136	–	2144.	
	
Staller,	E.L.,	Palmer,	W.E.,	Carrol,	J.P.,	Thornton,	R.P.,	Sisson,	D.C.	2005.	Identifying	
	 predators	at	Northern	bobwhite	nests.	Journal	of	Wildlife	Management.	
	 69(1):	124	–	132.	
	
Thys,	B.,	Lambreghts,	Y.,	Pinxten,	R.,	Eens,	M.	2019.	Nest	defence	behavioural	
	 reaction	norms:	testing	life-history	and	parental	investment	theory	
	 predictions.	Royal	Society	Open	Science.	6:	182180.	
	



	 32	

Washburn,	B.E.,	Morris,	D.L.,	Millspaugh,	J.J.,	Faaborg,	J.,	&	Schulz,	J.H.	2002.	Using	a	
	 commercially	available	radioimmunoassay	to	quantify	corticosterone	in	
	 avian	plasma.	The	Condor.	104:558-563.	
	
Weidinger,	K.	2002.	Interactive	effects	of	concealment,	parental	behavior	and	
	 predators	on	the	survival	of	open	passerine	nests.	The	Journal	of	Animal	
	 Ecology.	71:	424–437.	
	
Wells,	M.C.,	&	Lehner,	P.N.	1978.	The	relative	importance	of	the	distance	senses	in	
	 coyote	predatory	behavior.	Animal	Behavior.	26:	251–258.	
	
White,	D.	2020.	Avian	egg	timers:	Female	cowbirds	judge	past,	present,	and	future	
	 when	making	nest	parasitism	decisions.	Frontiers	in	Ecology	and	Evolution.	8:	
	 203.	
	
Wiklund,	C.	1981.	Generalist	vs.	specialist	oviposition	behavior	in	Papilio	machoan	
	 (Lepidoptera)	and	functional	aspects	in	the	hierarchy	of	oviposition	
	 preferences.	Oikos.	36:	163–170.	
	
Williams,	C.T.,	Kitaysky,	A.S.,	Kettle,	A.B.,	&	Buck,	C.L.	2008.	Corticosterone	levels	of	
	 tufted	puffins	vary	with	breeding	stage,	body	condition	index,	and	
	 reproductive	performance.	General	and	Comparative	Endocrinology.	158:29-
	 35.	
	
Willson,	M.F.	&	Gende,	S.M.	2000.	Nesting	success	of	forest	birds	in	southeast	Alaska	
	 and	adjacent	Canada.	The	Condor.	102:	314–325.	
	
Wilson,	R.R.	&	Cooper,	R.J.	1998.	Acadian	flycatcher	nest	placement:	does	placement	
	 influence	reproductive	success?	The	Condor.	100:	673–679.	
	
Wingfield,	J.C.,	Maney,	D.L.,	Breuner,	C.W.,	Jacobs,	J.D.,	Lynn,	S.,	Ramenofsky,	M.,	&	
	 Richardson,	R.D.	1998.	Ecological	bases	of	hormone-behavior	interactions:	
	 the	emergency	life	history	stage.	American	Zoology.	38:191-206.	
	
	

	

	

	

	

	



	 33	

Appendices	
	

	

Appendix	A:	Map	showing	the	various	small	(S)	and	large	(L)	study	sites	
used	in	this	project.	
	

	


