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No	predation	cost	of	bright	coloration	in	red-backed	fairy-wrens	

Introduction		

Sexual	dichromatism,	the	difference	in	coloration	between	the	sexes,	is	thought	to	be	a	

sexually-selected	signal	in	many	taxa	that	has	evolved	through	the	interaction	of	its	benefits	to	

mating	 success	 and	 its	 handicapping	 costs	 of	 increased	 production	 and	 maintenance	 costs	

(Zahavi	 1975;	 Andersson	 1982;	 Olson	 and	 Owens	 1998)	 and,	 potentially,	 increased	

conspicuousness	 that	affects	 the	 risk	of	predation	 (Stuart-Fox	et	al.	2003;	Stuart-Fox	and	Ord	

2004).	 Specifically,	 there	 are	 two	 competing	 hypotheses	 that	 can	 explain	 the	 relationship	

between	predation	risk	and	the	expression	of	conspicuous,	dichromatic	ornaments.	The	“sexual	

selection	 hypothesis”	 posits	 that	 the	 costs	 of	 the	 display	 trait	 enforce	 honesty	 of	 the	 signal	

(Pascual	et	al.	2014),	predicting	that	the	brightest	individuals	will	experience	the	greatest	risk	of	

predation.	This	hypothesis	has	found	support	in	several	vertebrate	taxa,	including	birds	(Godin	

and	Mcdonough	2003;	Huhta	et	al.	2003;	Stuart-Fox	et	al.	2003).	An	alternative	hypothesis,	the	

“unprofitable	prey	hypothesis”	(Lyon	and	Montgomerie	1985;	Götmark	and	Unger	1994;	Pascual	

et	al.	2014),	proposes	that	conspicuous	plumage	signals	greater	escape	potential	of	the	bearer.	

According	to	this	hypothesis,	the	brightest	individuals	signal	to	predators	that	they	are	not	worth	

the	effort	and	should	therefore	suffer	lower	mortality	from	predation	or	even	fewer	attempted	

predation	events.	

At	the	species	level,	species	at	a	higher	risk	of	predation	may	cope	with	risk	of	predation	

in	a	variety	of	ways,	including	cryptic	coloration	in	one	or	both	sexes.	Dichromatic	species	may	

favor	 crypsis	 in	 both	 forms,	 albeit	 against	 different	 habitat	 backgrounds	 or	 by	 using	 cryptic	

behavioral	strategies	(Götmark	et	al.	1995).	Species	can	also	cope	with	risk	by	increasing	vigilance	

behavior	 in	 conspicuous	 plumage,	 the	 “compensation	hypothesis”	 (Pascual	 et	 al.	 2014).	High	

overall	brightness	of	a	species	is	associated	with	wariness	of	acoustic	predator	signals,	suggesting	

that	their	coloration	is	a	risk	they	offset	by	sensitivity	to	acoustic	threats	(Journey	et	al.	2013).	



Dichromatic	 bird	 species	 are	 quicker	 to	 flee	 than	 non-dichromatic	 ones,	 indicating	 that	

ornamentation	is	associated	with	risk-averse	or	anti-predator	behavior	(Møller	et	al.	2016).	 In	

one	dichromatic	species,	the	superb	fairy-wren	(Malurus	cyaneus),	males	in	bright	plumage	are	

more	responsive	to	conspecific	alarm	calls	and	spend	more	time	scanning	for	predators	and	less	

time	foraging	(McQueen	et	al.	2017).	Not	all	dichromatism	has	an	impact	on	predation,	however.	

House	sparrows	(Passer	domesticus),	which	have	simple	melanized	ornaments,	do	not	show	any	

survival	or	differences	in	risk-taking	behavior	based	on	their	ornamentation	(Bókony	et	al.	2007).		

We	aimed	to	determine	if	bright	coloration	carries	the	cost	of	increased	predation	in	red-

backed	 fairy-wrens	 (Malurus	melanocephalus)	and	how	birds	cope	with	 the	 risk	of	predation.	

Specifically,	we	asked	(1)	whether	predators	preferentially	attack	bright	fairy-wren	models	over	

dull	ones,	and	(2)	whether	bright	and	dull	birds	behave	differently	in	response	to	the	auditory	

threat	of	a	predator.	The	unprofitable	prey	hypothesis	predicts	that	predators	would	not	prefer	

bright	 models.	 The	 sexual	 selection	 hypothesis	 predicts	 that	 bright	 models	 should	 be	 the	

preferred	 target	 of	 predators	 and	 that	 bright	 birds	 should	 exhibit	 different	 behavior	 to	

compensate	for	this	risk.	We	predicted	that,	in	line	with	the	sexual	selection	hypothesis,	bright	

models	would	be	attacked	more	often	and	bright	birds	would	respond	with	greater	predator-

avoidance	behaviors	(proportion	of	time	spent	on	scanning,	diving	to	cover,	or	alarm-calling)	to	

playback	than	dull-colored	birds.	

Methods	

(a)	Study	site	and	species	

The	 red-backed	 fairy-wren	 is	 a	 strongly	 dichromatic	 species	 native	 to	 northern	 and	

eastern	Australia.	Males	can	appear	dull	and	 female-like	or	 take	on	bright	breeding	plumage.	

Bright	plumage	confers	fitness	advantages;	males	breeding	in	bright	plumage	sire	significantly	

more	offspring	than	do	makes	breeding	in	dull	plumage	(Webster	et	al.	2008).	However,	not	all	

males	become	bright,	and	the	ultimate	reason	for	this	flexible	plumage	coloration	is	still	debated.	

These	small	birds	have	numerous	predators,	and	other	species	of	fairy-wrens	are	known	to	be	

sensitive	to	the	calls	of	predatory	birds	(Greig	and	Pruett-Jones	2010).	



We	conducted	model	and	field	experiments	on	a	field	site	with	population	of	individually	

color-banded	 population	 red-backed	 fairy-wrens	 at	 Lake	 Samsonvale	 (Queensland,	 Australia,	

21.2698°S,	152.8558°E).	Playback	experiments	began	in	the	non-breeding	season	in	June	2017	

and	concluded	in	August	2017;	model	experiments	began	at	the	same	time	but	continued	into	

the	breeding	season.	We	performed	our	experiments	during	the	nonbreeding	season	because	

we	would	not	be	disturbing	nesting	behavior	with	playback,	and	because	a	lack	of	breeding	birds	

meant	no	time	devoted	to	parental	care	for	behavioral	observation	purposes.	Habitat	on	the	field	

site	was	open	grassland	with	areas	of	open	eucalypt	forest	and	shrub	cover.		

(b)	Model	experiment	

Models,	particularly	3D-printed	plastic	models,	can	be	used	to	assess	predation	of	birds	

in	the	field	(Götmark	and	Unger	1994;	Cain	et	al.	2017).	We	printed	models	of	a	red-backed	fairy-

wren	taxidermy	mount	in	extruded	PLA	filament	using	a	Makerbot	Replicator+	and	painted	them	

to	match	spectrometer	data	for	the	species.	For	the	spectrometry	data	we	used	an	OceanOptics	

USB2000	 reflectance	spectrometer	with	a	pulsed	xenon	PSX2	 light	 source,	and	assessed	 total	

reflectance	 between	 350	 and	 800nm,	 to	 cover	 the	 visual	 range	 of	 many	 bird	 species.	 A	

comparison	of	paint	color	reflectance	and	that	of	real	birds	is	in	Figure	1.		

We	mounted	the	models	on	bamboo	stakes	using	magnets,	allowing	the	models	to	easily	

detach	if	struck	by	a	predator.	We	placed	bright	and	dull	models	one	meter	apart	and	affixed	a	

motion-activated	 trail	 camera	nearby	 to	 capture	predator	activity.	Model	pairs	were	checked	

twice	per	day	to	see	if	any	had	been	knocked	over.	In	the	event	of	knock-overs,	we	used	trail	

camera	photos	to	determine	predator	identity	and	which	model	was	struck	first.	We	rotated	the	

location	of	models	every	three	days.	

(c)	Playback	experiment	

Fairy	wrens	have	a	variety	of	avian	predators.	To	determine	the	response	of	red-backed	

fairy-wrens	to	the	threat	of	predation,	we	conducted	playback	experiments	using	vocalizations	

of	the	grey	butcherbird	(Cracticus	torquatus).	We	downloaded	a	grey	butcherbird	call	from	Xeno-

Canto	 (www.xeno-canto.org)	 and	 used	 Audacity	 to	 trim	 the	 recording	 to	 7	 seconds	 with	 3	

repetitions	of	the	call.	We	also	filtered	out	background	sound	in	the	recording.	Our	rationale	was	



that	 while	 birds	 can	 respond	 to	 conspecific	 or	 interspecific	 alarm	 calls	 in	 a	 variety	 of	 ways	

(McQueen	et	al.	2017),	using	the	sound	of	the	predator	itself	would	gauge	the	reaction	of	the	

individual	bird	to	an	imminent	danger.	We	conducted	playback	using	an	Altec	Solo	Jacket	Speaker	

(Model	IMW375-RED-VZN)	and	a	cell	phone	connected	via	Bluetooth.	

Observations	occurred	between	the	hours	of	0600	and	1400	hours.	We	chose	one	of	three	

plots	on	the	field	site	at	random	each	day	of	sampling.	Any	bird	that	had	not	been	exposed	to	

playback	 that	day	was	able	 to	be	observed,	and	we	preferentially	observed	birds	we	had	not	

previously	 recorded.	We	 sampled	 females,	 bright	 males,	 and	 dull	 males.	We	 excluded	 from	

observation	 birds	 that	 had	 been	 experimentally	 manipulated	 for	 an	 ongoing	 testosterone	

experiment	on	the	site	and	birds	 in	 intermediate	plumage,	defined	as	between	10%	and	80%	

brightness.	We	collected	34	pairs	of	pre-	and	post-playback	observations.	

Upon	 encountering	 a	 red-backed	 fairy-wren,	we	 began	 an	 observation.	 One	 observer	

recorded	behavior	of	the	focal	individual	while	the	other	kept	time,	played	the	recording,	and	

recorded	the	individual’s	location	at	each	minute.	Observations	consisted	of	a	five-minute	sample	

of	behavior	before	playback,	playback,	and	another	 five-minute	observation	afterward.	 If	 the	

bird’s	location	was	unknown	for	more	than	two	minutes	of	the	observation	period,	we	aborted	

the	 observation.	 If	 more	 than	 three	 minutes	 elapsed	 after	 the	 first	 observation	 before	 we	

conducted	playback,	we	conducted	a	new	pre-playback	observation.	We	classified	all	behavior	

into	a	standard	ethogram,	shown	in	Table	1.	

For	each	minute	of	observation,	we	classified	the	percent	refuge,	the	distance	to	refuge,	

the	 dominant	 grass,	 the	 substrate	 of	 the	 bird,	 and	 the	 distance	 between	 the	 bird	 and	 the	

observer.	Percent	refuge	was	classified	as	the	nearest	10%	of	cover	area	in	a	10-meter	radius	

around	the	bird	provided	by	wooded	vegetation	at	least	one	meter	in	diameter.	We	recorded	

distance	to	refuge	to	the	nearest	meter,	or	if	less	than	a	meter,	to	the	nearest	tenth	of	a	meter.	

We	classified	dominant	grass	as	short	 (<0.5m)	or	tall	 (>0.5m).	For	substrate,	we	classified	the	

bird’s	 immediate	 surroundings	 as	 Open	 High	 (>0.5m	 above	 the	 ground,	 not	 surrounded	 by	

refuge),	Open	Low	(<0.5m	above	the	ground,	not	surrounded	by	refuge	or	in	grass	<10cm),	In	

Grass	(surrounded	by	grass	>10cm),	or	In	Refuge	(surrounded	by	refuge	on	three	or	more	sides).	



(d)	Analysis		

We	analyzed	data	using	R	and	RStudio.	We	performed	paired	t-tests	to	compare	vigilance,	

time	spent	out	of	sight,	time	spent	on	self-maintenance,	percent	refuge,	and	distance	to	refuge,	

comparing	before	and	after	playback.	

Results	

(a)	Model	experiment	

Predators	 struck	 the	models	a	 total	of	14	 times.	Results	are	 shown	 in	Figure	2.	Bright	

models	were	attacked	first	57.1%	(8/14)	of	the	time.	Dull	models	were	attacked	first	42.9%	(6/14)	

of	 the	 time.	 The	 most	 common	 predator	 of	 models	 was	 laughing	 kookaburra	 (Dacelo	

novaeguineae,	n=4).	Models	were	also	attacked	by	pied	butcherbird	(Cracticus	nigrogularis,	n=1)	

and	pheasant	coucal	(Centropus	phasianinus,	n=1).	Example	strikes	are	pictured	in	Figure	3.		

(b)	Playback	experiment	

Bright	males	(t	=	2.43,	df	=	11,	p<0.05)	and	females	(t	=	3.90,	df	=	7,	p<0.01)	increased	

proportion	 of	 time	 spent	 on	 vigilance	 behaviors	 (scanning	 and	 alarm	 calling)	 after	 predator	

playback,	but	dull	males	did	not	(Figure	4).	However,	a	repeated	measures	ANOVA	did	not	find	a	

difference	in	response	by	morph.	

No	color	morph	differed	in	its	time	spent	in	cover	as	a	result	of	predator	playback,	change	

in	distance	to	refuge,	time	spent	out	of	sight,	or	percent	refuge	in	a	10m	radius	after	playback.	

Females	 (t	 =	 -2.63,	 df	 =	 7,	 p<0.05),	 but	 not	 bright	 males,	 spend	 less	 time	 on	 self-

maintenance	behaviors	(preening	and	foraging)	after	predator	playback	(Figure	5).	However,	a	

visual	inspection	of	the	data	shows	that	dull	males	appear	to	have	decreased	self-maintenance	

behaviors	as	well.		

Discussion	

Model	 trials	 did	 not	 suggest	 any	 preference	 of	 bright	 or	 dull	 models	 by	 predators.	

Additionally,	playback	 trials	did	not	 show	any	 change	 in	 refuge-seeking	behavior	 in	any	 color	



morph.	Although	birds	increased	their	vigilance	after	hearing	predators,	responses	did	not	differ	

significantly.		

We	hypothesized	 that	 brightness	 incurred	 a	 fitness	 cost	 in	 the	 form	of	 predation	 and	

therefore	 bright	males	would	 suffer	 higher	 predation	 rates	 and	 respond	with	 increased	 anti-

predatory	behavior,	in	accordance	with	the	sexual	selection	hypothesis.	However,	we	did	not	find	

support	 for	 the	 sexual	 selection	hypothesis.	Model	 results	 imply	 that	 avian	predators	 do	not	

choose	to	attack	conspicuously-colored	individuals.	It	could	be	that	signals	other	than	coloration	

influence	predation	risk,	such	as	risk-taking	behavior	or	sentinel	behavior	(Bókony	et	al.	2007;	

McQueen	et	al.	2017).		

Interestingly,	it	appears	that	females	(and	perhaps	dull	males)	sacrifice	self-maintenance	

for	vigilance	in	response	to	auditory	threat.	This	represents	a	tradeoff	for	individuals:	by	investing	

less	time	in	preening	birds	may	become	more	vulnerable	to	parasites,	and	by	investing	less	time	

in	foraging	they	may	lower	their	body	condition.	This	result	is	consistent	with	the	unprofitable	

prey	hypothesis;	if	bright	birds	are	disfavored	by	predators,	dull	birds	and	not	bright	ones	are	at	

higher	risk	of	attack	and	must	be	more	alert,	so	the	sacrifice	is	necessary.	However	we	were	not	

able	to	show	a	preference	by	predators	for	bright	or	dull	birds.	If	rates	of	attack	are	approximately	

equal,	then	differences	in	vigilance	response	may	be	related	to	birds’	social	groups.	In	the	related	

superb	fairy-wren,	overall	 time	spent	sentineling	does	not	differ	by	morph,	but	presence	of	a	

bright	bird	decreases	time	other	birds	spend	on	vigilance,	possibly	viewing	the	bright	bird	as	a	

“decoy”	or	 relying	on	 its	more	 frequent	scans	 (McQueen	et	al.	2017).	We	did	not	 investigate	

frequency	of	scans	in	this	study,	but	it	may	be	worth	comparing	to	investigate	this	idea.		

Only	14	strikes	were	recorded	over	3	months	with	the	models	we	used;	future	studies	

using	models	may	benefit	 from	making	models	more	 attractive	 to	predators.	 The	 “behavior”	

exhibited	by	the	models	in	the	study	is	similar	to	sentinel	behavior	in	real	birds,	with	an	individual	

perched	exposed	at	the	top	of	tall	grass.	Models	that	move,	are	placed	in	cover,	or	that	sit	closer	

to	the	ground	may	be	useful	to	investigate	predator	perception	of	birds	performing	foraging	or	

refuge-seeking	behavior.	



Our	 findings	 contradict	 other	 studies	 of	 related	 taxa	 that	 concluded	 that	 bright	 birds	

perceive	a	higher	risk	of	predation	and	adjust	their	behavior	to	cope	(McQueen	et	al.	2017).	We	

find	 results	 consistent	 with	 the	 unprofitable	 prey	 hypothesis,	 indicating	 that	 the	 sexually	

attractive	color	of	bright	birds	also	functions	as	a	signal	to	predators.	We	suggest	exploring	other	

ornamentation	that	may	signal	the	bearer’s	quality	both	within	and	between	species.	

Figures	

Figure	1.	Reflectance	spectra	of	paint	colors	and	real	dull	birds.	

	
Note:	a	mixture	of	the	two	chest/belly	paint	colors	was	used.	

	

Table	1.	Behavior	ethogram	

Behavior	 Description	
Scan	 Bird	is	tilting	head,	turning	body,	and	looking	

around	or	up	
Fly	 Bird	is	in	flight	in	the	open	
Alarm	Call	 Bird	 is	 giving	 scolding	 call	 or	 high-pitched	

alarm	call	



Preen	 Bird	is	grooming	itself	
Sit	 Bird	is	more	or	less	stationary	and	perched	
Forage	 Bird	 is	 actively	 searching	 for	 or	 consuming	

food	
Out	of	Sight	 Bird	cannot	be	directly	seen,	but	its	location	is	

known,	such	as	in	cover	
Location	Unknown	 Bird	 cannot	be	directly	 seen	and	 its	 location	

cannot	be	determined	
	

Figure	 2.	 First	 target	 of	 predatory	 attacks.

	

	

Figure	3.	Sample	of	model	strike	photographs.	

	
a)	Laughing	kookaburra	strikes	a	dull	model;	b)	Pied	butcherbird	strikes	a	bright	model.	

	



Figure	4.	Proportion	of	time	spent	on	vigilance	before	and	after	predator	playback.	

	

	

Figure	5.	Proportion	of	time	spent	on	self-maintenance	before	and	after	predator	playback.
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