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Abstract
The	global	pet	trade	is	a	major	pathway	for	the	introduction	of	invasive	alien	species.	
The	composition	of	species	selected	for	transport	is	driven	by	market	demands,	which	
may	be	influenced	by	a	combination	of	both	historical	and	cultural	factors.	We	com-
pared	Eastern	(Taiwan)	and	Western	(Australia	and	the	Iberian	Peninsula)	bird	markets	
to	explore	factors	associated	with	the	species	composition	and	geographic	origin	of	the	
birds	for	sale.	We	used	a	bespoke	randomization	test	to	compare	species	composition,	
geographic	origins,	and	species	overlap	at	different	taxonomic	levels	among	bird	mar-
kets	across	countries.	Alien	species	identified	in	the	study	accounted	for	more	than	
10%	of	the	world's	bird	species.	Parrots	and	songbirds	were	the	most	common	alien	
bird	taxa	traded	across	all	markets.	In	both	Iberian	and	Australian	markets,	there	was	a	
strong	bias	toward	parrots,	waxbills,	gamebirds,	and	finches.	In	Taiwan,	species	traded	
more	than	expected	were	parrots,	waxbills,	starlings,	and	leafbirds.	Neotropical	spe-
cies	were	the	most	traded	group	in	the	three	markets.	Afrotropical	species	were	also	
traded	more	than	expected	 in	 Iberian	and	Australian	markets,	while	the	Taiwanese	
traded	more	alien	species	from	neighboring	Asian	regions.	The	bird	trade	focuses	on	
the	same	few	bird	groups	worldwide.	The	composition	and	origin	of	species	preferred	
in	 the	Western	markets	may	be	 influenced	by	 colonial	 histories,	 cultural	 similarity,	
and	 strict	 regulations	on	wildlife	 importation,	while	 species	preferences	 in	Eastern	
markets	are	strongly	influenced	by	regional	culture	and	proximity.	Propagule	pressure	
is	a	dominant	factor	influencing	the	success	of	biological	invasions;	it	is	important	to	
recognize	differences	in	the	composition	of	bird	markets	among	regions	because	they	
can	translate	into	different	invasion	risks,	among	other	factors.
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1  |  INTRODUC TION

The	global	pet	trade	is	a	primary	pathway	for	the	transportation	of	
animal	species	outside	their	native	ranges	(Bush	et	al.,	2014;	Carrete	
&	Tella,	2008;	Edelaar	et	al.,	2015;	Lockwood	et	al.,	2019;	Seebens	
et	al.,	2017;	Westphal	et	al.,	2008).	 Indeed,	the	volume	of	 imports	
to	 a	 country	 is	 positively	 associated	with	 the	 number	 of	 invasive	
alien	species	reported	(Cardador	et	al.,	2019;	Romagosa	et	al.,	2009;	
Westphal	et	al.,	2008).	These	species	can	be	intentionally	released	or	
accidentally	allowed	to	escape	into	the	wild	(Carrete	&	Tella,	2008,	
2015;	Lee	&	Shieh,	2005),	and	may	subsequently	establish	alien	pop-
ulations	(Abellán	et	al.,	2016,	2017;	Cardador	et	al.,	2016),	or	even	
become	 invasive	 pests	 (Blackburn	 et	 al.,	 2009).	 The	 invasion	 pro-
cess	only	commences	 if	species	are	transported	 into	a	new	region	
(Blackburn	et	al.,	2011);	therefore,	knowing	which	species	are	traded	
provides	key	information	about	which	ones	might	subsequently	be-
come	invasive	(Blackburn	&	Duncan,	2001).	To	inform	measures	to	
prevent	further	invasions,	it	is	crucial	to	understand	what	shapes	the	
species	composition	of	pet	markets.

Birds	are	a	large	component	of	the	global	pet	trade	(Bush	et	al.,	
2014),	and	traded	species	are	not	a	random	selection	of	all	extant	
species	(Abellán	et	al.,	2016;	Blackburn	&	Cassey,	2007;	Jeschke	&	
Strayer,	2006;	Su	et	al.,	2014).	The	selection	of	the	species	traded	
is	driven	largely	by	human	demands,	but	these	demands	may	differ	
between	countries	due	to	their	cultural,	historical,	and	geographical	
characteristics	(Ribeiro	et	al.,	2019).	For	example,	in	Asian	countries,	
such	as	Taiwan,	birds	are	traded	for	widespread	traditional	practices	
including	 bird	 song	 competitions,	 bird-	keeping,	 and	 prayer	 animal	
release	 (Jepson	 &	 Ladle,	 2005;	 Nash,	 1993;	 Severinghaus	 &	 Chi,	
1999).	However,	in	European	and	ex-	European	colonies	such	as	the	
United	States,	 South	Africa,	Australia,	 or	New	Zealand,	bird	 trade	
has	historically	been	driven	by	the	use	of	species	for	hunting,	food,	
ornamentation,	 biological	 control	 (Abellán	 et	 al.,	 2016;	 Blackburn	
et	al.,	2009),	and	more	recently	by	the	pet	trade	(Abellán	et	al.,	2016;	
Carrete	 &	 Tella,	 2008;	 Dyer	 et	 al.,	 2017;	Westphal	 et	 al.,	 2008).	
These	 differences	 in	 cultural	 and	 historical	 backgrounds	 suggest	
that	the	composition	and	origins	of	species	in	the	bird	trade	may	dif-
fer	between	geographic	regions	(Cassey	et	al.,	2015;	Edmunds	et	al.,	
2011;	Jepson	&	Ladle,	2005;	Severinghaus	&	Chi,	1999).

Here,	we	investigated	the	bird	trade	by	comparing	the	compo-
sition	and	origins	of	alien	species	 in	the	bird	markets	among	three	
regions:	 Iberia	 (the	 markets	 of	 Spain	 and	 Portugal	 are	 combined,	
due	 to	 the	 highly	 shared	 cultural	 histories	 and	 affinities	 between	
both	countries),	Australia,	and	Taiwan.	We	chose	these	markets	be-
cause	 they	 are	 likely	 to	 represent	 different	 pet	 demands	 in	 terms	
of	cultural,	historical,	and	geographical	characteristics	and	because	
trends	in	their	bird	trade	markets	have	been	extensively	described	
previously	 (Abellán	 et	 al.,	 2016;	 Alacs	 &	 Georges,	 2008;	 Duncan	
et	al.,	2001;	Severinghaus	&	Chi,	1999;	Shieh	et	al.,	2006;	Su	et	al.,	
2014,	2015).	The	Iberian	market	is	representative	of	the	bird	trade	in	
Western	Europe	since	thousands	of	birds	from	several	species	trans-
ported	to	Europe	were	subsequently	moved	among	countries	such	
as	Portugal,	Spain,	the	Netherlands,	Belgium,	France,	Germany,	the	

Czech	Republic,	and	 Italy	 (J.	L.	Tella,	unpubl.	data).	The	Taiwanese	
market	 is	 an	 excellent	 example	 of	 the	 Eastern	 bird	 trade	 culture,	
where	prayer	 animal	 release,	 song	 competitions,	 and	bird-	keeping	
are	popular,	as	in	many	Asian	countries,	including	China,	Cambodia,	
Singapore,	Thailand,	or	Vietnam	(Eaton	et	al.,	2017;	Edmunds	et	al.,	
2011;	Gilbert	et	al.,	2012;	Heinrich	et	al.,	2020;	Nash,	1993;	Xu	&	
Dong,	2007).	The	Australian	market	represents	a	trade	that	is	likely	
to	be	driven	by	a	 largely	Western	cultural	 influence,	but	 in	a	very	
different	geographical	context	than	the	Iberian	market.

Some	of	the	datasets	used	in	this	study	have	previously	been	an-
alyzed	to	understand	the	invasion	risks	associated	with	transporting	
alien	species	 into	different	regions,	as	well	as	their	characteristics.	
Here,	we	combine	them	for	the	first	time,	to	understand	what	are	
the	likely	drivers	determining	the	species	composition	of	these	mar-
kets,	and	how	much	influence	can	be	assigned	to	cultural,	historical,	
and	 geographic	 factors.	 If	 cultural	 and	 historical	 factors	were	 the	
most	 important	 determinants	 of	 alien	 species	 composition	 in	 the	
bird	markets,	we	would	expect	 that	 the	origin	and	composition	of	
alien	species	for	sale	in	Iberia	and	Australia	would	have	high	similari-
ties,	as	both	regions	share	Western	cultural	and	historical	influences	
(Turner,	2003),	and	biological	exchanges	during	their	colonial	periods	
may	have	had	a	lasting	influence	on	the	composition	of	the	traded	
alien	species	in	the	studied	regions.	In	particular,	we	expected	alien	
species	 traded	 in	 Iberia	 to	 be	more	 likely	 to	 originate	 from	South	
America	and	Africa	due	to	their	history	of	colonization	(Merriman,	
1962;	Russell-	Wood	&	Russell-	Wood,	1998).	In	addition,	the	compo-
sition	and	origin	of	species	in	the	Australian	market	should	be	more	
likely	 to	 be	 derived	 from	 ex-	British	 colonies,	 given	 the	 influences	
of	the	United	Kingdom	during	the	Victorian	era.	 In	Taiwan,	traded	
species	are	often	associated	with	widespread	Asian	bird	cultural	tra-
ditions,	such	as	prayer	 release,	song	competitions,	or	bird-	keeping	
(Severinghaus	&	Chi,	1999).	Therefore,	these	species	for	sale	should	
be	more	likely	to	originate	from	neighboring	areas.

Finally,	if	geographical	factors	were	important,	we	would	expect	
alien	species	to	be	more	likely	sourced	from	neighboring	countries	
of	the	studied	market	because	these	species	should	be	more	avail-
able	for	trade	(Chng	et	al.,	2015;	Edmunds	et	al.,	2011;	Gilbert	et	al.,	
2012;	Nijman,	2010;	Shepherd,	2006).	Thus,	we	should	not	expect	
similarities	in	species	shared	among	the	three	markets	due	to	their	
disparate locations.

2  |  METHODS

2.1  |  Data collection

Data	 for	 the	 traded	alien	bird	species	 in	 the	 Iberian	market	 (Spain	
and	Portugal),	 including	the	continent	and	the	associated	Balearic,	
Canary,	Madeira,	and	Azores	archipelagos,	were	obtained	from	Table	
S3	in	Abellán	et	al.	(2016).	The	authors	surveyed	a	variety	of	sources	
to	record	alien	species	kept	in	captivity	in	public	and	private	facili-
ties	up	to	2012.	Species	alien	to	the	region	were	classified	according	
to	their	geographical	range	rather	than	political	borders,	so	species	
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native	to	continental	Spain	or	Portugal	were	classified	as	alien	when	
they	were	transported	to	its	islands	or	vice	versa.

We	compiled	information	on	alien	species	recorded	in	captivity	
in	Taiwan	from	1991	to	2012,	from	pet	shop	surveys	conducted	after	
the	application	of	the	Wildlife	Conservation	Act	in	1989	(Chi,	1995;	
Chi	et	al.,	1991;	Shieh	et	al.,	2006;	Su	et	al.,	2014;	Wong	et	al.,	2012).	
To	this	list,	we	added	data	from	a	checklist	of	alien	species	imported	
into	Taiwan	from	Yen	(2011),	which	includes	imported	species	from	
2009	to	2011.	The	checklist	information	was	collated	from	the	stock	
records	 and	 invoices	 from	 bird	 traders,	 Internet	 trade,	 web	 data-
bases,	published	lists,	previous	nationally	funded	projects,	and	zoo	
species checklists.

Alien	species	in	captivity	in	Australia	were	recorded	for	the	pe-
riod	2003–	2013	(Vall-	llosera	&	Cassey,	2017)	and	mainly	collected	
from	two	aviculturist	magazines,	Australian	Birdkeeper	 (2011)	and	
Australian	Aviculture,	and	a	survey	published	by	the	National	Finch	
and	 Softbill	 Association	 (The	 Avicultural	 Society	 of	 Australia	 Inc.,	
2011;	 The	Queensland	 Finch	 Society	 Inc.,	 2012;	 The	 United	 Bird	
Societies	of	South	Australia	Inc.,	2003).	We	did	not	exclude	species	
that	were	illegally	traded.

The	 taxonomy	of	 species	 followed	 Jetz	et	 al.	 (2012).	The	geo-
graphic	origin	of	alien	species	present	in	markets	was	assessed	using	
the	biogeographical	realms	defined	in	Olson	et	al.	(2001),	assigning	
species	to	the	realm	in	which	the	largest	part	of	their	native	range	
fell	(Dyer	et	al.,	2016;	Orme	et	al.,	2006).

2.2  |  Analyses

We	 first	 determined	 whether	 the	 taxonomy	 (number	 of	 species	
per	Order	and	Family)	and	origin	(i.e.,	the	realm	of	origin)	of	traded	
alien	 species	 at	 each	 market	 was	 significantly	 different	 than	 ex-
pected	under	a	random	expectation	of	 the	world's	extant	species.	
Specifically,	we	 used	 a	 randomization	 approach	 based	 on	Ref.	 (Su	
et	al.,	2014).	Simulations	 involved	picking	the	number	of	alien	bird	
species	observed	in	each	market	from	all	the	world's	extant	species	
(n =	9993)	listed	in	Jetz	et	al.	(2012)	without	replacement.	For	com-
parisons	of	alien	species	between	two	markets,	any	species	native	
to	either	of	those	two	countries	were	removed	from	that	analysis.	
Simulations	were	 run	 for	 10,000	 iterations	 to	 obtain	 all	 the	 num-
bers	of	randomly	chosen	species	per	Family,	Order,	and	origin.	Then,	
we	 estimated	 whether	 our	 observations	 were	 significantly	 differ-
ent	from	those	expected	at	random.	We	estimated	significance	by	a	
two-	tailed	t	test	with	the	significance	level	(α)	adjusted	by	sequen-
tial	Bonferroni	correction	for	multiple	comparisons,	at	0.0015	and	
0.00024	for	comparisons	at	the	Order	and	Family	 level	 (40	orders	
and	 194	 families),	 respectively,	 and	 tested	 for	 the	 biogeographic	
realms	of	species	origin	(eight	realms,	significance	level	α =	0.0062,	
adjusted	 by	 sequential	 Bonferroni	 correction).	 We	 repeated	 our	
simulations	constraining	the	Order	and	Family	membership	to	test	
for	overlap	 in	 the	 identities	of	 traded	species	among	the	different	
markets	 (i.e.,	 the	 Iberian	 and	 Taiwanese	markets,	 the	 Iberian	 and	
Australian	markets,	the	Australian	and	Taiwanese	markets,	and	the	

overlap	across	all	markets	combined).	Finally,	we	tested	where	these	
commonly	traded	species	were	likely	to	be	derived	from,	given	the	
observed	numbers	of	 species	 shared	by	each	market.	All	 analyses	
were	performed	 in	 the	R	 software	environment	 for	 statistical	 and	
graphical	computing	version	4.0.4	(R	Core	Team,	2021).

3  |  RESULTS

A	total	of	1166	alien	bird	species,	accounting	for	more	than	10%	of	
the	world's	bird	species,	were	identified	as	traded	in	our	study	areas.	
There	were	1022	alien	bird	species	from	29	Orders	and	75	Families	
recorded	 in	 the	 Iberian	market,	while	 the	 numbers	were	 lower	 in	
Taiwan	(409	species,	20	Orders,	53	Families)	and	Australia	(185	spe-
cies,	11	Orders,	24	Families).	Only	six	of	the	40	extant	avian	Orders	
and	10	of	the	194	extant	avian	Families	were	overrepresented	in	the	
three	markets.	Most	of	the	traded	species	belonged	to	the	Orders	
Passeriformes	 (passerines)	 and	 Psittaciformes	 (parrots)	 (Table	 1),	
specifically	to	the	Families	Estrildidae	and	Psittacidae,	respectively,	
but	also	to	the	Families	Columbidae	and	Anatidae	(Table	1b).	Except	
for	 the	 Order	 Passeriformes,	 for	 which	 species	 were	 traded	 in	
significantly	 lower	 numbers	 than	 expected	 based	 on	 its	 richness	
(α =	0.0015),	all	the	other	significantly	traded	Orders	and	Families	
had	 a	 higher	 number	 of	 traded	 species	 than	 expected	 at	 random	
(α =	0.00024)	(Table	1).

Alien	species	traded	in	Australian	market	have	88%	overlap	with	
those	 of	 the	 Iberian	market,	 strongly	 selecting	 species	within	 the	
Families	Psittacidae,	Estrildidae,	Phasianidae,	and	Fringillidae.	Alien	
birds	present	in	the	Iberian	and	Australian	markets	originated	mainly	
from	 the	Neotropics	 (27%	and	32%,	 respectively)	 and	Afrotropics	
(26%	 and	 27%,	 respectively),	 while	 those	 traded	 in	 Taiwan	 were	
mainly	 from	 the	 Indo-	Malayan	 (23%)	 realm	 (Table	 2).	 Iberia	 and	
Australia	 traded	more	 alien	 species	 from	 the	Afrotropics	 than	 ex-
pected,	while	 Taiwan	 followed	 the	 same	pattern	 but	with	 species	
also	from	the	Indo-	Malayan	and	Palearctic	realms	(Table	2a).

In	terms	of	the	numbers	of	species	overlapping,	the	Iberian	and	
Taiwanese	markets	shared	the	largest	number	of	alien	bird	species	
(284	species,	35	Families,	18	Orders),	compared	with	the	Iberian	and	
Australian	(163	species,	21	Families,	10	Orders),	and	the	Australian	
and	Taiwanese	markets	(107	species,	17	Families,	8	Orders)	(Figure	1).	
Although	the	number	of	species	from	the	Neotropics	was	very	im-
portant	 in	all	markets,	 the	observed	numbers	were	 lower	than	ex-
pected	in	the	Iberian	and	Taiwanese	markets	(Table	2).	Comparisons	
between	 markets	 revealed	 that	 there	 were	 more	 shared	 species	
from	Australasia	than	expected	between	the	Iberian	and	Taiwanese	
markets	 (Table	 2b).	 In	 particular,	 alien	 parrots	 commonly	 traded	
in	 the	 Iberian	 and	 Taiwanese	markets	mostly	 originated	 from	 the	
Neotropical	and	Australasian	realms,	while	most	alien	parrots	traded	
in	Australia	were	Neotropical	species	(Figure	2).

A	total	of	104	species	from	16	Families	and	8	Orders	were	traded	
as	 aliens	 in	 all	 three	markets	 (Figure	 1).	 This	 selection	 of	 species	
within	particular	Orders	and	Families	results	in	a	marked	overlap	be-
tween	 the	 three	 study	markets.	 Psittaciformes	 and	Passeriformes	
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TA B L E  2 Geographic	origin	of	(a)	alien	species	traded	at	each	of	the	markets,	and	(b)	for	those	overlapped	among	them

(a)

Biogeographic 
Realms

Iberia Australia Taiwan

(n = 1022) (n = 185) (n = 409)

Observed Expected Observed Expected Observed Expected

Afrotropics 269* 195	(163–	228) 51* 35	(21–	50) 77 78	(58–	100)

Antarctic 5 4	(0–	10) 2 1	(0–	4) 3 2	(0–	6)

Australasia 172 157	(128–	188) 0 28	(16–	42) 75 63	(44	−83)

Indo-	Malayan 131 135	(108–	164) 37 24	(13–	38) 97* 54	(37–	73)

Nearctic 51 49	(33–	67) 5 9	(2	−18) 8** 20	(9–	32)

Neotropics 281** 361	(323–	399) 60 65	(47–	83) 89** 145	(119–	170)

Oceania 5** 19	(9	−32) 2 3	(0–	9) 1** 8	(2–	16)

Palearctic 108 100	(76–	125) 28 18	(8–	30) 59* 40	(24–	57)

(b)

Biogeographic 
Realms

Iberia and Australia Australia and Taiwan Iberia and Taiwan All the markets

(n = 163) (n = 107) (n = 284) (n = 104)

Observed Expected Observed Expected Observed Expected Observed Expected

Afrotropics 45 31	(18–	45) 27 20	(10–	32) 63 54	(36–	73) 26 20	(10–	31)

Antarctic 2 1	(0–	4) 2 0	(0–	3) 2 1	(0–	5) 2 0	(0–	3)

Australasia 0 25	(13–	38) 0 16	(7–	27) 69* 43	(28–	61) 0 16	(7–	27)

Indo-	Malayan 32 21	(11–	34) 19 14	(5–	25) 44 38	(23–	54) 19 14	(6–	24)

Nearctic 5 8	(2	−16) 4 5(0–	12) 5 14	(5–	25) 4 5	(0–	12)

Neotropics 60 58	(42–	75) 44 38	(25–	52) 82 100	(79–	122) 44 37	(24	−50)

Oceania 0 3	(0–	9) 0 2	(0–	7) 1 5	(0–	13) 0 2	(0–	7)

Palearctic 19 16	(7–	27) 11 10	(3–	19) 18 28	(15–	42) 9 10	(3–	19)

(c)

Biogeographic 
Realms (parrots)

Iberia Australia Taiwan

(n = 241) (n = 63) (n = 145)

Observed Expected Observed Expected Observed Expected

Afrotropics 20 16	(9–	21) 10* 4	(0–	9) 16* 9	(3–	15)

Antarctic 0 NA 0 NA 0 NA

Australasia 91 94	(83–	106) 0 25	(15–	34) 55 57	(45–	69)

Indo-	Malayan 16 20	(13–	26) 7 5	(1–	11) 8 12	(6–	19)

Nearctic 2 1	(0–	2) 0 0	(0–	2) 0 1	(0–	2)

Neotropics 109 102	(91–	113) 46* 27	(17	−37) 65 61	(50–	74)

Oceania 3 7	(3	−10) 0 2	(0–	6) 1 4	(0–	8)

Palearctic 0 NA 0 NA 0 NA

(d)

Biogeographic 
Realms (parrots)

Iberia and Australia Australia and Taiwan Iberia and Taiwan All the markets

(n = 63) (n = 53) (n = 143) (n = 53)

Observed Expected Observed Expected Observed Expected Observed Expected

Afrotropics 10* 4	(0–	9) 9* 3	(0–	8) 16* 9	(3–	15) 9* 3	(0–	8)

Antarctic 0 NA 0 NA 0 NA 0 NA
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(specifically,	 Families	 Psittacidae	 and	 Estrildidae)	 were	 the	 taxa	
with	 the	 greatest	 numbers	 of	 species	 common	 to	 the	 three	mar-
kets	(Table	1).	There	were	also	some	Families	exclusively	traded	in	
some	particular	markets,	such	as	the	Accipitridae	(raptors),	Cracidae	
(guans),	Bucerotidae	(hornbills),	and	Musophagidae	(turacos),	which	

were	 traded	 more	 than	 expected	 only	 in	 the	 Iberian	 market,	 or	
Chloropseidae	 (leafbirds),	which	were	overrepresented	only	 in	 the	
Taiwanese	market.	There	were	no	overrepresented	Families	exclu-
sive	 to	 the	 Australian	 market.	 245	 parrot	 species	 were	 identified	
for	sale	in	our	study,	almost	70%	of	all	extant	parrot	species.	Parrot	

(d)

Biogeographic 
Realms (parrots)

Iberia and Australia Australia and Taiwan Iberia and Taiwan All the markets

(n = 63) (n = 53) (n = 143) (n = 53)

Observed Expected Observed Expected Observed Expected Observed Expected

Australasia 0 25	(15–	35) 0 21	(12–	30) 54 56	(44–	69) 0 21	(12–	30)

Indo-	Malayan 7 5	(1–	11) 5 4	(0–	10) 7 12	(6	−19) 5 4	(0–	10)

Nearctic 0 0	(0–	2) 0 0	(0–	2) 0 1	(0–	2) 0 0	(0–	2)

Neotropics 46* 27	(17–	37) 39* 22	(14–	32) 65 60	(48–	73) 39* 22	(13–	32)

Oceania 0 2	(0	−6) 0 1	(0–	5) 1 4	(0–	8) 0 1	(0	−5)

Palearctic 0 NA 0 NA 0 NA 0 NA

(e)

Biogeographic 
Realms 
(passerines)

Iberia Australia Taiwan

(n = 275) (n = 77) (n = 177)

Observed Expected Observed Expected Observed Expected

Afrotropics 108* 56	(39–	73) 34* 16	(7–	26) 41 36	(22–	51)

Antarctic 0 0	(1–	0) 0 0	(0–	1) 0 0	(0–	1)

Australasia 30 41	(26	−58) 0 11	(4–	21) 12** 26	(14–	40)

Indo-	Malayan 41 36	(22–	51) 18 10	(3–	19) 67* 23	(12–	36)

Nearctic 10 12	(4–	23) 1 3	(0–	9) 2 8	(2–	16)

Neotropics 48** 99	(78–	120) 9** 28	(17–	39) 13** 64	(47–	81)

Oceania 0 4	(0–	11) 1 1	(0–	5) 0 3	(0–	8)

Palearctic 38 26	(14–	40) 14 7	(1–	15) 42* 16	(7–	28)

(f)

Biogeographic 
Realms 
(passerines)

Iberia and Australia Australia and Taiwan Iberia and Taiwan All the markets

(n = 59) (n = 28) (n = 74) (n = 27)

Observed Expected Observed Expected Observed Expected Observed Expected

Afrotropics 29* 12	(6–	18) 13* 6	(2–	10) 30* 15	(9–	22) 13* 5	(2–	10)

Antarctic 0 0 0 0 0 0 0 0

Australasia 0 9	(4–	14) 0 4	(1–	8) 8 11(6–	17) 0 4	(1–	8)

Indo-	Malayan 14* 8	(3–	13) 8* 4	(1–	7) 22* 10	(4	−16) 8* 3	(0–	7)

Nearctic 1 3	(0–	6) 0 1	(0–	4) 0 3	(0–	7) 0 1	(0–	4)

Neotropics 9** 21	(14–	29) 4** 10	(5–	15) 7** 27	(19–	35) 4** 10	(5–	15)

Oceania 0 1	(0–	3) 0 0	(0–	2) 0 1	(0–	4) 0 0	(0	−2)

Palearctic 6 5	(2–	10) 3 2	(0–	6) 7 7	(3–	12) 2 2	(0–	6)

Note: Alien	parrot	species	are	separately	shown	in	(c)	and	(d).	For	parrot	species	in	each	market,	we	only	considered	the	six	biogeographic	realms	with	
native	parrot	species.	Alien	passerine	species	are	shown	in	(e)	and	(f).	Observed:	the	numbers	of	traded	species	derived	from	each	realm.	Expected:	
median	expectation	over	the	10,000	simulations	of	the	randomization	test.	In	brackets:	99.69th	and	0.31th	percentiles,	indicating	the	values	of	
upper	and	lower	limits	of	significance	(α =	0.0062,	adjusted	by	sequential	Bonferroni	correction).	Asterisks	(*)	are	denoted	if	the	observed	number	is	
significantly	greater	(*)	or	smaller	(**)	than	expected	from	the	randomization	test.

TA B L E  2 (Continued)
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species	from	the	Afrotropical	and	Neotropical	regions	were,	in	gen-
eral,	more	shared	among	the	three	markets	than	expected	by	chance	
(Table	2d).

4  |  DISCUSSION

Wildlife	 trade	 is	 one	 of	 the	main	 sources	 of	 current	 biological	 in-
vasions	 worldwide	 (Lockwood	 et	 al.,	 2019).	 Thus,	 understanding	
which	drivers	are	acting	at	 the	earliest	stages	of	the	 invasion	pro-
cess	 (i.e.,	 in	the	pool	of	species	available	for	sale)	can	be	useful	to	
identify	and	prevent	further	invasive	alien	species.	Birds	are	one	of	
the	most	commonly	traded	taxonomic	groups,	with	ca.	4000	of	both	
wild-	caught	and	captive-	bred	species	mainly	sold	and	kept	as	pets	
(BirdLife	 International,	2015).	However,	not	all	 species	are	equally	
traded.	International	and	regional	trade	regulations	have	limited	spe-
cies	choices	in	legal	bird	markets	(Cardador	et	al.,	2019),	and	aspects	
such	as	species	attractiveness	(Romero-	Vidal	et	al.,	2020),	availabil-
ity	 (e.g.,	 species	 abundance	 in	 the	wild	 or	 from	captive	breeding),	
or	life-	history	can	be	important	in	explaining	which	species	are	se-
lected	over	others	(Su,	Cassey,	Vall-	llosera,	et	al.,	2015;	Vall-	Llosera	
&	Su,	2018).	Here,	using	a	straightforward	simulation	approach,	we	
explored	 the	 role	 of	 cultural,	 historical,	 and	 geographic	 factors	 in	
affecting	 the	pool	 of	 alien	bird	 species	 presented	 in	 three	distant	
markets,	located	on	three	separate	continents.

Our	first	prediction	was	that	cultural	and	historical	factors	could	
be	 driving	 the	 species	 composition	 of	 bird	 markets,	 so	 that	 the	
Australian	and	Iberian	ones	should	be	similar	to	each	other	in	their	

taxonomic	 composition	 and	 realm	of	 origin	 of	 the	 species	 traded.	
Our	study	found	that	alien	species	traded	in	the	Australian	market	
highly	overlapped	with	those	of	the	Iberian	market.	The	Australian	
and	 Iberian	markets	had	more	 alien	bird	 species	 in	 common	com-
pared	with	 the	Australian	 and	 Taiwanese	markets.	However,	 con-
trary	 to	our	prediction,	 the	 Iberian	and	Taiwanese	markets	shared	
the	largest	number	of	alien	bird	species	compared	with	the	Iberian	
and	Australian	markets.	The	Iberian	and	Australian	markets	showed	
a	 strong	 overrepresentation	 of	 certain	 avian	 Families,	 such	 as	
Phasianidae,	Anatidae,	and	Columbidae,	which	have	a	 long	history	
of	trade	in	the	European	culture	for	their	use	as	food	and	hunting,	
being	deliberately	introduced	by	European	settlers	in	Australia	and	
New	Zealand	(Duncan	et	al.,	2006).	However,	such	demand	has	been	
reduced	during	recent	decades	and	today	trades	include	ornamen-
tal	birds	(Abellán	et	al.,	2016),	especially	passerines	and	parrots	for	
their	 use	 as	 cage	 birds	 and	 pets.	 Thus,	 species	 derived	 from	 the	
Psittaciformes	 and	 Passeriformes	 were	 found	 dominantly	 traded	
in	 the	 two	 markets.	 Alien	 birds	 simultaneously	 presented	 in	 the	
Iberian	and	Australian	markets	were	mostly	from	the	Neotropics	and	
Afrotropics,	reflecting	the	importance	of	transportation	routes	from	
past	colonies	(Cassey	et	al.,	2015).	Conversely,	the	Taiwanese	mar-
ket	was	mainly	supplied	with	species	from	the	Indo-	Malayan	realm,	
as	predicted,	supporting	a	role	for	cultural	and	historical	drivers	of	
alien	species	presence	in	bird	markets.

Our	expectation	regarding	the	role	of	geographic	factors	in	de-
termining	the	composition	of	alien	species	in	the	markets	was	par-
tially	supported.	Although	there	was	a	high	overlap	in	alien	species	
presented	in	the	three	distant	markets,	there	were	also	certain	taxa	

F I G U R E  1 The	numbers	of	(a)	all	alien,	
(b)	alien	parrot,	and	(c)	alien	passerine	
species	for	sale	across	the	Iberian,	
Australian,	and	Taiwanese	bird	trade	
markets
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F I G U R E  2 Native	geographic	ranges	for	alien	parrots	traded	to	(a)	the	Iberian	(n =	236),	(b)	Australian	(n =	57),	and	(c)	Taiwanese	(n =	140)	
bird	markets.	Maps	were	constructed	by	adding	all	native	range	of	the	alien	parrot	species	traded	in	each	region
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that	were	exclusive	to	certain	markets.	For	instance,	the	Taiwanese	
market	was	mostly	supplied	with	alien	species	from	nearby	regions,	
which	 may	 be	 related	 to	 the	 common	 interests	 toward	 certain	
bird	 groups	 shared	 with	 neighboring	 countries,	 such	 as	 leafbirds	
(Chloropseidae),	 which	 were	 significantly	 overrepresented	 in	 this	
market	only.	This	is	notable	as	leafbirds,	which	are	kept	for	their	at-
tractive	plumage	and	songs,	are	expensive	due	to	their	being	traded	
illegally,	and	also	because	they	have	a	low	survival	rate	while	being	
traded	(Alacs	&	Georges,	2008;	Wyatt,	2009).

The	 number	 of	 alien	 species	 in	 the	 Iberian	 market	 was	 twice	
the	number	 traded	 in	Taiwan	and	almost	 five	 times	higher	 than	 in	
Australia.	The	high	richness	of	species	traded	in	the	Iberian	market	
could	be	a	consequence	of	a	more	complete	assessment	of	the	pet	
trade	in	this	area	or	the	inclusion	of	islands	in	our	dataset.	However,	
it	is	more	likely	that	the	long	tradition	of	captive	breeding,	combined	
with	the	role	of	Iberia	as	the	main	importer	of	alien	birds	for	Europe,	
and	the	lack	of	wild-	caught	bird	trade	restrictions	until	2005,	would	
have	been	responsible	for	the	importation	of	large	numbers	of	alien	
species	 in	 this	 area	 (Abellán	 et	 al.,	 2016;	 Cardador	 et	 al.,	 2019).	
Although	there	is	also	a	long	history	of	alien	bird	trade	in	Taiwan,	this	
country	may	have	received	a	lower	number	of	species	from	distant	
areas	because	of	transportation	restrictions	with	China	in	the	20th 
century	and	its	insularity.	Importantly,	the	bird	market	in	Taiwan	is	
normally	supplied	with	native	species	poached	locally	(Severinghaus	
&	Chi,	1999;	Su	et	al.,	2014),	something	that	is	much	rarer	in	Iberian	
countries	and	Australia.

Despite	the	fact	that	we	found	strong	support	on	the	influences	
of	cultural	and	historical	factors	in	species	composition,	our	results	
support	 the	 rather	weak	 influence	of	 geographic	 factors	 in	 deter-
mining	the	pool	of	alien	species	in	European,	Australian,	and	Asian	
markets.	Globalization	and	the	possibility	of	moving	species	across	
the	world	have	played	a	major	role	in	homogenizing	markets	at	large	
spatial	scales,	such	as	those	explored	here.	Moreover,	the	inclusion	
of	several	species	into	CITES	I	and	II	Appendices	may	have	also	re-
stricted	the	availability	of	species	to	be	traded,	which	have	now	re-
stricted	quotas	or	are	scarce	and	illegally	traded.	Finally,	bans	applied	
in	the	United	States	(1992)	and	European	Union	(2005)	on	the	inter-
national	 trade	of	wild-	caught	 species	 have	 caused	 the	 redirection	
of	birds	to	different	markets,	such	as	those	in	Asia	(Cardador	et	al.,	
2017).	Restrictions	in	species	importation	in	Australia	may	have	re-
sulted	in	a	relatively	lower	number	of	alien	traded	species	(Cardador	
et	al.,	2017).	Thus,	 factors	operating	at	a	global	scale	may	now	be	
more	important	in	determining	the	initial	pool	of	alien	species	avail-
able	for	 introduction	in	distant	areas	than	in	the	past.	Although	at	
first	glance	it	can	seem	easier	to	manage	local	markets,	our	results	
support	 the	 idea	 that	 large-	scale	 restrictions	 can	 be	 beneficial	 to	
preserve	local	biodiversity,	simply	by	reducing	the	probability	of	in-
troducing	invasive	species	(Cardador	et	al.,	2017;	Reino	et	al.,	2017).

Despite	differences	among	markets,	our	study	identified	a	strong	
commonality	 in	the	composition	of	traded	species	across	Western	
and	Eastern	markets.	Some	species	were	heavily	traded	and	shared	
among	the	markets,	which	suggests	that	they	were	likely	to	be	fre-
quently	transported.	This,	in	turn,	may	result	in	the	introduction	into	

new	areas	of	a	relatively	limited	set	of	species	(Cassey	et	al.,	2018),	
which	may	 positively	 affect	 their	 invasion	 success	 (Abellán	 et	 al.,	
2017;	Cassey	et	al.,	2004;	Duncan	et	al.,	2001;	Signorile	et	al.,	2014;	
Su	et	al.,	2015).	We	found	that	all	three	markets	 included	the	two	
most	invasive	parrot	species	in	the	world,	the	rose-	ringed	parakeet	
(Psittacula krameria)	 and	 the	monk	parakeet	 (Myiopsitta monachus),	
despite	 their	numerous	 recorded	 impacts	 (Turbé	et	al.,	2017;	Vall-	
llosera	et	al.,	2017).	Finally,	our	results	provide	insights	into	the	role	
played	by	anthropological	drivers	in	configuring	the	pool	of	poten-
tially	 invasive	species	at	the	earliest	stage	of	the	 invasion	process,	
when	they	are	transported	to	a	new	region,	and	how	globalization	
may	be	influencing	them,	facilitating	the	movement	of	species	and	
the	homogenization	of	species	traded	worldwide.
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