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Abstract. 	It	is	important	to	understand	ovarian	physiology	when	developing	an	artificial	insemination	(AI)	protocol.	Brown	
bears	(Ursus arctos)	have	a	breeding	season	from	May	to	July,	although	the	type	of	estrus	(polyestrus	or	monoestrus)	is	still	
contested.	The	present	study	aimed	to	define	the	ovarian	dynamics,	 including	follicular	waves	and	ovulatory	follicle	size,	
and	estrus	type	in	brown	bears.	Six	brown	bears	were	used	for	ovarian	ultrasonography;	four	were	observed	between	April	
and	October	(before	the	start	and	after	the	end	of	the	breeding	season)	and	two	in	June	(breeding	season).	In	addition,	we	
attempted	to	induce	ovulation	by	administering	a	gonadotropin	releasing	hormone	(GnRH)	agonist.	We	observed	follicular	
development	in	April	in	four	bears,	but	follicles	did	not	develop	to	greater	than	6.0	mm	in	diameter	until	May.	Thereafter,	
a	group	of	follicles	developed	to	more	than	6.0	mm	and	grew	as	dominant	follicles,	except	in	one	bear.	After	ovulation	and	
subsequent	corpus	luteum	(CL)	formation,	the	follicular	waves	disappeared.	Furthermore,	in	three	bears	treated	with	GnRH,	
follicles	 between	 8.2	 to	 11.2	mm	 in	 diameter	 at	 the	 time	 of	 treatment	 ovulated	 and	 formed	CLs.	 In	 two	 bears,	 follicles	
between	5.8	to	8.8	mm	ovulated	spontaneously	within	the	observation	interval.	Our	results	suggest	that	brown	bears	may	be	
monoestrous	animals.	Therefore,	AI	can	only	be	performed	once	during	the	breeding	season.	Our	results	also	suggest	that	
dominant	follicles	larger	than	8.0	mm	are	a	suitable	size	for	inducing	ovulation.
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Six	out	of	eight	bear	species	are	classified	as	endangered	on	the	
IUCN	Red	List	[1].	Brown	bears	(Ursus arctos)	are	categorized	

as	least	concern;	however,	there	are	concerns	about	the	extinction	of	
some	subpopulations	due	to	their	small	size	[2].	The	development	of	
assisted	reproductive	technology	is	necessary	to	promote	breeding,	
and	semen	preservation	for	future	artificial	insemination	(AI)	has	
been	well	documented	in	brown	bears	[3–5].	Development	of	an	AI	
protocol	relies	on	a	thorough	understanding	of	female	reproductive	
physiology,	especially	the	follicular	development	and	size	of	mature	
follicles	for	optimal	timing	of	AI.
Brown	bears	are	seasonal	breeders	with	the	breeding	season	from	

late	spring	to	early	summer	[6].	They	have	a	polygamous	mating	
system	and	are	assumed	to	be	polyestrous	[7,	8].	They	are	also	assumed	
to	be	induced	ovulators	[8],	although	spontaneous	ovulations	have	
been	confirmed	under	the	captive	condition	[9,	10].	Implantation	
usually	occurs	after	six	months	of	embryonic	diapause,	then	pregnant	
females	give	birth	during	their	denning	period	approximately	60	days	

after	implantation	[11].	Several	studies	have	investigated	hormonal	
changes	in	brown	bears.	These	have	shown	that	fecal	estradiol	or	
urinary	estrogen	concentrations	increase	during	or	after	mating	[12,	
13].	Additionally,	serum	progesterone	(P4)	is	slightly	elevated	after	
mating;	in	captive	females,	this	increase	is	greater	in	early	winter	[9,	
11,	12].	Annual	progesterone	profiles	are	similar	in	both	unmated	and	
mated	females	[9].	However,	no	detailed	information	about	ovarian	
activity	is	currently	available.
Recently,	we	reported	morphological	changes	in	the	ovaries	of	

brown	bears	using	transrectal	ultrasonography	to	investigate	follicular	
development	during	the	breeding	season.	This	study	revealed	that	
follicles	developed	in	a	wave-like	manner	[10].	The	size	of	the	
largest	follicles	was	less	than	6.0	mm	(minor	wave)	in	the	early	
period	(May	to	mid-June),	while	one	or	two	follicles	were	selected	
as	dominant	follicles	and	exceeded	6.0	mm	(major	wave)	late	in	
the	breeding	season	(mid-June	to	July).	Furthermore,	we	observed	
only	one	major	wave	in	each	animal	between	May	and	July	[10].
The	type	of	estrus	(polyestrus	or	monoestrus)	in	bear	species	

is	not	well	understood.	Previous	studies	have	classified	bears	as	
monoestrous	animals	[6,	14];	however,	the	evidence	for	this	is	not	
clear.	Based	on	behavioral	observations	of	both	captive	and	wild	
brown	bears,	they	are	assumed	to	be	polyestrous	animals	[15].	In	
monoestrous	animals,	the	major	wave	leading	to	ovulation	occurs	
only	once	during	the	breeding	season;	thus,	there	is	only	one	chance	
to	perform	AI.	In	polyestrous	animals,	there	are	multiple	chances	
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to	perform	AI	in	the	breeding	season.	Therefore,	it	is	important	to	
confirm	estrus	type	when	developing	a	breeding	plan.
In	addition	to	estrus	type,	ovulatory	follicle	size	also	needs	to	be	

determined	for	AI.	Because	it	is	generally	assumed	that	brown	bears	
are	induced	ovulators,	hormonal	treatment	for	ovulation	induction	is	
necessary	in	any	AI	protocol.	At	present,	the	size	of	mature	follicles	is	
undetermined	in	this	species,	although	our	previous	study	suggested	
that	follicles	in	the	range	of	10.0	to	13.0	mm	in	diameter	have	the	
potential	for	ovulation	[10].	For	AI	preparation,	it	is	desirable	to	
predict	when	follicles	will	reach	their	preovulatory	size.
In	the	present	study,	to	clarify	the	estrus	type	in	brown	bears,	we	

observed	follicular	development	between	April	and	October,	before	
the	start	and	after	the	end	of	the	breeding	season.	In	the	previous	
study,	one	bear	already	had	a	dominant	follicle	on	the	first	day	of	
observation	in	early	May	[10];	we	therefore	started	observations	
in	April,	before	the	breeding	season,	in	the	present	study.	When	a	
follicle	was	estimated	to	have	reached	10.0	mm	in	diameter	(the	
likely	mature	follicle	size	in	brown	bears	based	on	our	previous	
observations	[10]),	we	administered	a	gonadotropin	releasing	hormone	
(GnRH)	agonist	to	induce	ovulation

Materials and Methods

Animals
Six	female	Hokkaido	brown	bears	(Bears	A	to	F)	housed	in	the	

Noboribetsu	Bear	Park	(42°	N,	141°	E,	Noboribetsu,	Hokkaido,	
Japan)	were	used	for	the	study	(Table	1).	All	animals	were	fed	a	diet	
consisting	of	vegetables	and	commercial	bear	feed	(ZOO	FOOD:	
bear;	Nosan,	Kanagawa,	Japan).	Water	was	provided	ad libitum.	
All	bears	were	apparently	healthy	throughout	the	study	period	with	
no	abnormal	hematological	or	biochemical	values	during	examina-
tions	before	and	after	the	study	period.	All	experimental	procedures	
were	approved	by	the	Hokkaido	University	Animal	Care	and	Use	
Committee	(No.	18-0108).

General anesthesia
For	anesthesia,	we	administered	xylazine	HCl	(0.8	to	1.2	mg/

kg;	Selactar;	Bayer,	Tokyo,	Japan)	and	a	1:1	mixture	of	zolazepam	
HCl	and	tiletamine	HCl	(2.0	to	4.0	mg/kg;	Zoletil	100;	Virbac,	

Carros,	France)	via	intramuscular	injection	using	blow	darts.	After	
examination,	atipamezole	HCl	(at	the	same	volume	as	xylazine;	
Atipame;	Kyoritsu,	Tokyo,	Japan)	was	injected	and	recovery	from	
anesthesia	was	observed.

Ultrasonography of the ovaries
Transrectal	ultrasonography	of	the	ovaries	was	performed	under	

anesthesia	[10].	A	B-mode	ultrasonography	device	(HS-2100V;	Honda	
Electronics,	Aichi,	Japan)	equipped	with	a	linear	transducer	(5	to	10	
MHz;	HLV-475;	Honda	Electronics)	was	used	for	all	examinations.	
The	transducer	was	attached	to	a	hand-made	carrier	(polyvinylchloride	
pipe,	49	cm	long,	2.6	cm	outside	diameter)	to	observe	the	ovaries	
via	the	rectal	wall.	All	visible	antral	follicles	(>	1.5	mm)	and	corpora	
lutea	(CLs)	in	both	ovaries	were	counted,	and	the	relative	positions	
of	follicles	and	CLs	in	the	ovaries	were	recorded.	The	follicle	and	CL	
diameters	were	calculated	by	averaging	the	major	and	minor	axes.	
During	each	observation,	the	ultrasonography	was	recorded	using	
a	video	recorder	(VR570;	Toshiba	Teli,	Tokyo,	Japan)	to	confirm	
follicle	positions	over	time.	Figure	1	shows	example	ultrasonography	
pictures	from	an	ovary	in	Bear	C.

Blood collection
Following	ultrasonography	examinations,	blood	samples	were	

collected	via	the	medial	saphenous	vein	into	EDTA-loaded	vacuum	
tubes.	Blood	samples	were	immediately	centrifuged	at	1,200	g	for	
15	min,	and	plasma	was	separated	in	plastic	tubes	and	stored	at	
–20˚C	until	assayed.

Steroid hormone concentrations
Plasma	estradiol-17β	(E2)	and	P4	concentrations	were	determined	

using	competitive	double-antibody	enzyme	immunoassays,	as	de-
scribed	in	previous	studies	[10,	16].	The	primary	antibodies	used	for	
the	E2	and	P4	assays	were	anti-estradiol-17β-6-carboxymethyloxime	
(CMO)-BSA	(FKA204;	Cosmo	Bio,	Tokyo,	Japan)	and	anti-pro-
gesterone-3-CMO-BSA	(KZ-HS-P13;	Cosmo	Bio),	respectively.	
Goat	anti-rabbit	serum	(111-005-003;	Jackson	ImmunoResearch	
Laboratories,	West	Grove,	PA,	USA)	was	used	as	the	secondary	
antibody.	The	inter-	and	intra-assay	coefficients	of	variation	were	
7.3	and	4.0%	for	E2,	and	8.2	and	2.2%	for	P4,	respectively.

Table 1.	 Bears	used	for	observation	of	follicular	dynamics	and	induction	of	ovulation

ID Age		
(Year) Parity Estimated	body	

weight	(kg)

Ovarian observation
Type	of	

ovulation
GnRH	*	
dose	(µg)

Follicle	size	before	
ovulation	(mm)

Corpora	lutea	diameters	at	
the	first	detection	(mm)Period 

(number	of	observations)
Bear	A 20 0 130 Apr–Oct	(17) – – – –
Bear	B 17 2 180 Apr–Oct	(13) Spontaneous – 7.6,	8.8,	8.8 6.3,	6.6,	6.1
Bear	C 6 0 130 Apr–Oct	(14) Induced 40 8.2,	9.9 7.6,	8.4
Bear	D 20 1 150 Apr–Oct	(13) Induced 40 9.1 14.3
Bear	E 5 0 130 Jun	(3) Induced 20 11.2,	8.5 12.8,	8.7
Bear	F 20 1 150 Jun	(3) Spontaneous – 8.8,	6.6,	5.8 8.4,	8.5,	7.2
Bear	2 19 0 130 May–July	(12) Induced 20 14.0 –
Bear	3 5 0 130 May–July	(9) Induced 20 10.2 8.5

Bear	A	did	not	 show	any	major	waves	during	 the	observation	period.	Bears	2	 and	3:	data	 from	 the	previous	 study	 [10].	*	GnRH	(gonadotropin	
releasing	hormone):	Buserelin	acetate.
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Vaginal cytology and vulva score
A	plastic	pipe	(17.5	cm	long,	1	cm	in	diameter)	was	inserted	into	

the	vagina,	and	a	sterile	cotton	swab	(4.8	mm	in	diameter)	moistened	
with	physiological	saline	was	inserted	through	the	tube	until	it	
stopped.	Each	cotton	swab	was	gently	rotated	360°,	then	removed	and	
stamped	on	a	glass	slide.	The	slide	was	stained	using	a	differential	
quick	stain	kit	(Diff-Quick	staining	kit;	Sysmex	Ins.,	Kobe,	Japan).	
Vaginal	cells	were	classified	according	to	the	criteria	for	domestic	
dogs	[17].	A	minimum	of	100	cells	in	at	least	four	fields	per	slide	
were	counted	under	a	light	microscope	and	classified	as	parabasal,	
intermediate,	superficial,	or	anucleate	cells.	The	cornification	rate	
was	calculated	as	the	ratio	of	superficial	to	anucleate	cells.
The	vulval	appearance	(swelling	and	color)	was	evaluated	by	

opening	the	vulva	at	the	time	of	ultrasonography;	longitudinal	and	
transverse	lengths	were	also	measured.	Vulval	changes	were	scored	
using	a	ranking	scale	of	0–3	based	on	the	vulva	score	for	giant	panda	
[18]	and	sun	bear	[19].	This	was	adapted	here	for	brown	bear:	0	=	
no	swelling,	pale	color;	1	=	slight	swelling,	pale	color;	2	=	increased	
swelling,	moderate	pink	color;	3	=	swelling,	pink	color.

Experimental design
Four	bears	(Bears	A	to	D;	5	to	20	years	old)	were	monitored	for	

ovarian	activity	from	April	to	October.	Ultrasonography	of	the	ovaries	
and	blood	collections	were	performed	every	other	week	in	April,	
and	every	week	from	May	until	ovulation	[10].	After	confirming	CL	
formation,	observations	were	performed	once	a	month	until	October.	
Two	bears	(Bears	E	and	F;	5	and	20	years	old),	were	used	to	obtain	
information	on	ovulatory	follicle	size.	Their	ovarian	observations	

started	from	June,	when	the	major	wave	was	expected	to	appear,	until	
ovulation	was	confirmed	by	detecting	CLs.	Ovulation	was	induced	
in	three	out	of	six	bears	by	administering	20	or	40	µg	of	buserelin	
acetate,	a	GnRH	agonist	(Estomal;	Intervet,	Ibaraki,	Japan).	The	20	
µg	GnRH	dose	is	the	maximal	dose	indicated	for	cattle.	Anesthesia	
for	ovulation	induction	was	carried	out	on	the	day	when	the	largest	
follicle	was	estimated	to	exceed	10.0	mm	in	diameter.	This	was	
calculated	based	on	the	follicular	growth	rate	(0.25	mm/day)	reported	
in	our	previous	study	[10].	The	terms	related	to	ovarian	dynamics	
are	based	on	this	previous	study	and	are	defined	in	Table	2.

Data analysis
Results	are	expressed	as	mean	±	SD.	Ovulated	follicle	diameters	at	

the	last	observation	before	ovulation	were	compared	between	ovulation	
type	(spontaneous	and	induced)	using	the	Student’s	t-test,	as	was	the	
CL	diameter	on	the	first	day	we	could	detect	it	by	ultrasonography.	
The	follicular	growth	rate	was	estimated	according	to	a	previous	
study	[10].	In	brief,	the	day	on	which	the	largest	follicle	of	each	
follicular	wave	showed	the	maximum	size	was	centralized	as	Day	
0,	and	the	previous	diameter	data	for	the	same	follicle	were	placed	
before	Day	0	on	a	scatter	diagram.	To	show	estimates	were	reasonable,	
follicular	growth	data	from	the	previous	study	[10]	were	included	
in	the	present	analysis.	Growth	rates	of	the	minor	wave	and	major	
wave	were	compared	by	multiple	regression	analysis.	The	study	
period	was	divided	into	three	periods:	minor	wave,	major	wave,	and	
post-ovulation.	The	minor	wave	period	was	from	the	beginning	of	
observation	to	the	day	prior	to	when	the	major	wave	was	first	detected.	
The	major	wave	period	began	from	the	day	of	its	first	detection	to	

Fig. 1.	 Images	recorded	from	ultrasonography	of	an	ovary	in	Bear	C.	Panels	A	to	C	show	the	same	follicle	(gradually	increasing	in	size),	which	was	
identified	and	traced	by	its	position	in	the	ovary	and	location	relative	to	other	follicles	(arrow	head).	These	observations	were	done	in	May,	the	
second	and	third	observations	were	undertaken	four	and	nine	days,	respectively,	after	the	first.	Panels	D	to	F	are	images	of	the	same	follicle	in	
Panels	A	to	C.	The	dominant	follicle	(D)	ovulated	and	a	corpus	luteum	(CL)	with	cavity	was	identified	in	the	same	location	(E;	arrow).	Later,	a	
CL	filled	with	luteal	tissue	was	identified	(F;	arrow).	Scale	bar:	10	mm.
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either	the	last	day	an	ovulatory	follicle	was	observed	prior	to	CL	
detection	or	to	the	day	GnRH	treatment	began.	The	post-ovulation	
period	was	from	the	day	of	CL	detection	to	the	end	of	the	study	
period.	Plasma	E2	and	P4	concentrations	in	the	three	periods	were	
compared	by	Kruskal-Wallis	one-way	analysis	of	variance,	with	the	
Steel-Dwass	test	used	as	a	post-hoc	test.
All	statistical	analyses	were	performed	using	JMP	software,	

version	14	(SAS	Institute,	Cary,	NC,	USA).	Significant	difference	
was	determined	at	P	<	0.05.

Results

The	changes	to	the	bears’	ovarian	structures	are	shown	in	Fig.	
2	(Bears	A	to	D)	and	Fig.	3	(Bears	E	and	F).	Small	follicles	(range	
2.7	to	5.4	mm)	were	observed	in	April.	From	May	to	June,	several	
wave-like	follicles	developed;	however,	they	were	smaller	than	6.0	
mm	and	regressed.	Thereafter,	follicles	developed	to	more	than	6.0	
mm	and	became	dominant	follicles.	In	all	bears	except	for	Bear	A,	a	
major	wave	was	observed	once	during	the	breeding	season.	Bear	A	
repeatedly	showed	minor	waves	and	did	not	show	dominant	follicles	
throughout	the	study	period.	Therefore,	Bear	A	was	excluded	from	
further	analysis.	The	total	follicle	numbers	were	highest	in	May,	
and	then	decreased	sharply	at	the	beginning	of	the	major	waves.
The	growth	rate	of	the	dominant	follicles	in	the	major	waves	(0.19	

mm/day,	n	=	9)	was	greater	than	that	in	the	minor	waves	(0.13	mm/
day,	n	=	13).	Including	the	results	of	the	previous	study	[10],	the	
growth	rate	was	0.13	mm/day	in	the	minor	waves	(n	=	21)	and	0.21	
mm/day	in	the	major	waves	(n	=	15;	Fig.	4).	After	CL	formation,	a	
few	small	follicles	(2.0	to	3.7	mm)	were	observed;	however,	dominant	
follicles	did	not	appear	throughout	the	study	period.
Bears	B	and	F	showed	spontaneous	ovulation	before	GnRH	

treatment.	However,	we	did	not	observe	ovulatory	signs	by	ultra-
sonography,	such	as	dominant	follicle	disappearance	or	fibrin-filled	
follicles	[20],	in	Bears	C	to	E	on	the	day	of	GnRH	treatment;	CLs	
were	confirmed	in	subsequent	observations.	In	Bear	B,	three	out	
of	four	dominant	follicles	disappeared	just	before	the	CL	was	first	
confirmed.	When	the	CL	was	first	confirmed	(June	20),	we	could	only	
observe	the	right	ovary	due	to	a	technical	problem	(Fig.	2,	asterisk).	
In	Bear	D,	the	largest	dominant	follicle	ovulated	and	formed	a	CL	
nine	days	after	GnRH	treatment,	while	an	ipsilateral	follicle	(7.6	mm	
in	diameter)	regressed.	On	the	other	hand,	a	contralateral	follicle	
(5.5	mm	in	diameter)	grew	to	11.7	mm	after	nine	days	of	GnRH	
treatment	and	CL	was	confirmed	four	days	later.
Dominant	follicle	diameter	at	the	last	observation	before	ovulation	

and	CL	diameter	at	the	first	detection	by	ultrasonography	were	9.4	
±	1.1	mm	(range:	8.2	to	11.2	mm,	n	=	5)	and	10.3	±	2.7	mm	(range:	
7.6	to	14.3	mm),	respectively,	in	treated	bears	(C,	D,	and	E).	In	
contrast,	these	diameters	were	7.7	±	1.2	mm	(range:	5.8	to	8.8	mm,	
n	=	6)	and	7.2	±	0.9	mm	(range:	6.1	to	8.5	mm),	respectively,	in	
spontaneously	ovulating	bears	(B	and	F).	There	was	no	significant	
difference	in	the	diameters	of	follicles	and	CLs	between	induced	
and	spontaneous	ovulation.	In	Bear	D,	there	were	central	cavities	
in	the	CLs	on	the	first	day	they	were	confirmed,	and	the	size	of	CLs	
decreased	gradually	as	the	central	cavities	disappeared.
Hormonal	changes	in	the	bears	are	shown	in	Fig.	2	(Bears	A	

to	D)	and	Fig.	3	(Bears	E	and	F).	Additionally,	plasma	E2	and	P4 
concentrations	relative	to	follicular	development	in	each	period	are	
shown	in	Table	3.	Except	Bear	A,	E2	concentrations	fluctuated	in	
the	presence	of	minor	waves,	and	then	showed	an	increase	before	
spontaneous	ovulation	or	on	the	day	of	ovulation	induction	(maximum	
value:	11.4	±	3.8	pg/ml;	range:	7.0–16.1	pg/ml).	After	ovulation,	E2 
concentrations	remained	at	the	baseline	levels.	Plasma	E2	concentration	
was	higher	during	follicular	development	(minor	and	major	wave	
periods)	than	post-ovulation	(P	<	0.05).	In	Bear	D,	E2	concentration	
slightly	increased	when	the	CL	was	first	detected	after	ovulation	
induction,	which	coincided	with	follicle	development	after	GnRH	
treatment.	P4	concentrations	stayed	at	baseline	levels	during	April,	but	
fluctuated	from	May	onwards,	starting	to	increase	before	ovulation	
or	on	the	day	of	ovulation	induction	in	most	cases.	Plasma	P4 was 
higher	in	the	major	wave	periods	than	the	minor	wave	periods,	but	
it	was	the	highest	in	post-ovulation	periods	(luteal	phase,	P	<	0.05).	
Concentration	of	P4	when	the	CL	was	first	detected	was	1.6	±	0.4	
ng/ml	(range:	1.0–2.0	ng/ml),	increasing	gradually	from	July	to	
October	in	Bears	B	to	D	(2.7	±	0.6	ng/ml;	range:	2.9–3.5	ng/ml).
The	cornification	rate	showed	a	similar	change	to	the	total	follicle	

number.	Although	the	changes	in	the	cornification	rate	differed	
between	individuals,	it	was	less	than	25%	at	the	beginning	of	April	
but	increased	to	more	than	75%	during	follicular	development.	After	
CLs	formation,	the	cornification	rate	dropped	to	less	than	20%.	The	
changes	to	the	vulva	score	were	relatively	high	from	May	to	June.

Discussion

The	present	study	showed	that	brown	bears	in	the	present	study	
showed	one	major	follicular	wave	from	which	several	follicles	were	
selected.	Furthermore,	one	to	three	follicles	could	ovulate	during	the	
breeding	season.	This	suggests	that	brown	bears	are	monoestrous	
animals.

Table 2.	 Definition	of	the	terms	related	to	ovarian	dynamics

Term Definition
Dominant	follicle Follicle(s)	developed	more	than	6	mm	in	diameter
Ovulation Disappearance	of	the	dominant	follicle(s)	observed	in	previous	examination	or	dominant	

follicle	filled	with	fibrins	which	confirmed	by	subsequent	CL	formation
Minor	wave Growth	of	a	group	of	follicles	with	none	of	them	becoming	dominant	follicles
Major	wave Growth	of	a	group	of	follicles	with	some	of	them	becoming	dominat	follicles	with	<	10	

follicles	in	total	follicle	number
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A	few	studies	have	suggested	that	brown	bears	are	polyestrous	
animals	because	of	multiple	distinct	estrous	observations	and	multiple	
paternities	[7,	21].	In	captive	observations,	Some	females	mate	
continuously	for	more	than	two	weeks	and	the	others	mate	for	up	
to	20	days	with	3–20	days	interval	[15].	Also,	during	another	field	
observation,	males	and	females	remained	together	for	two	weeks	to	
allow	them	a	chance	to	breed	[7,	22].	Using	GPS	location	data	during	
the	mating	season,	Stenhouse	et al.	[23]	reported	that	the	duration	
of	associations	between	males	and	females	in	the	wild	ranged	from	
4	to	468	h.	Although	they	suggested	that	more	than	one	estrus	may	
have	occurred	because	of	this	long	duration,	the	mean	duration	of	
associations	was	59.9	h	and	72%	of	associations	were	less	than	72	
h.	It	is	unlikely	that	brown	bears	show	multiple	estrus	in	such	a	short	

period.	Instead,	these	previous	results	seem	to	indicate	that	brown	
bears	have	a	long	and	variable	estrus	period.
Our	results	show	that	it	takes	about	two	weeks	for	follicles	to	

develop	to	the	preovulatory	size	in	the	major	wave.	Considering	the	
field	observations,	we	suggest	that	females	may	show	receptivity	to	
males	when	a	major	wave	commences.	This	is	because	follicles	of	
6.0	mm	in	diameter	have	aromatase	cytochrome	P450	activity	and	
sexual	receptivity	may	be	related	to	E2	synthesis	[24].	Therefore,	
the	long	and	variable	period	of	receptivity	to	males	may	correspond	
to	the	follicular	phase.
There	is	further	evidence	in	the	literature	suggesting	that	brown	

bears	have	multiple	estrus.	In	ursids,	inactivation	of	CLs	(low	P4 
production)	following	ovulation	is	related	to	delayed	implantation	

Fig. 2.	 The	follicle	growth	profiles	of	Bears	A	to	D	(those	observed	from	April	 to	October),	along	with	changes	 in	plasma	steroid	hormones,	vaginal	
cytology,	and	vulva	score.	The	top	panels	show	the	total	follicle	number	in	each	animal.	Follicles	and	corpora	lutea	(CLs)	diameters	that	could	be	
traced	by	ultrasonography	are	shown	in	the	second	row	of	panels.	Minor	wave	follicles	(Minor	F)	and	major	wave	follicles	(Major	F)	are	follicles	
that	developed	to	less	than	6.0	mm	in	diameter	and	those	that	developed	to	greater	than	6.0	mm,	respectively.	The	changes	in	plasma	estradiol-17β	
(E2)	and	progesterone	(P4)	are	shown	in	the	third	row	of	panels.	The	bottom	panels	show	the	cornification	rate	(Corn.)	and	the	vulva	score	(Vulv.).	
Bears	C	and	D	were	administered	gonadotropin	 releasing	hormone	 (GnRH)	 to	 induce	ovulation.	The	broken	 lines	 indicate	 the	date	of	GnRH	
administration.	The	asterisk	for	Bear	B	indicates	unilateral	(right	side)	observation	of	the	ovary	due	to	a	technical	problem.
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or	embryonic	dormancy.	It	has	been	suggested	that	low	progestin	
during	a	delayed	implantation	period	may	allow	females	to	re-enter	
estrus	[6].	However,	the	present	study	indicates	that	the	major	wave	
appears	only	once	during	the	breeding	season,	with	no	other	major	
wave	occurring	after	CL	formation	and	subsequent	to	ovulation.	
Therefore,	it	is	considered	unlikely	that	brown	bears	experience	
multiple	estrus	via	this	mechanism.
The	mating	system	of	the	brown	bear	is	generally	classified	as	

polygamous	[8].	One	to	three	cubs	are	born	per	litter	and	multiple	
paternity	in	litters	has	been	documented	by	genetic	studies	in	wild	
bears	[7,	21].	The	present	study	confirmed	that	two	to	three	follicles	
ovulate	spontaneously	within	four	to	seven	days	after	GnRH	treatment.	
In	brown	bears,	estrous	females	could	copulate	with	a	number	of	

different	males	until	ovulation.	In	canines,	spermatozoa	may	remain	
motile	while	they	are	stored	in	the	utero-tubal	junction	and	the	uterine	
glands	[25].	These	numbers	noticeably	diminished	six	days	after	
copulation,	but	motile	spermatozoa	were	found	as	long	as	11	days	
after	copulation	[26].	Dogs	are	monoestrous	animals	that	ovulate	
spontaneously,	but	multiple	paternity	has	also	been	reported	in	wild	
dogs	[27,	28].	The	duration	of	spermatozoa	survival	in	the	female	
reproductive	tract	in	bears	is	unknown.	Assuming	multi-ovulation	
following	a	single	luteinizing	hormone	(LH)	surge,	it	is	possible	that	
the	sperm	derived	from	different	males	could	survive	for	a	certain	
period,	allowing	polygamous	mating.	In	Bear	B,	ovulations	were	
observed	over	two	successive	observations	within	eight	days.	This	
ovulation	gap	may	also	contribute	to	multiple	paternity.
Bears	B	and	F,	kept	in	a	female	group	without	male	contact,	showed	

spontaneous	ovulation.	In	brown	bears,	spontaneous	ovulation	has	
previously	been	reported	in	captivity	[8].	Okano	et al.	[29]	showed	
that	female	Asian	black	bears	with	no	male	contact	did	not	form	CLs,	
while	females	with	male	contact	via	a	fence	did	form	CLs.	Domestic	
cats	and	some	nondomestic	felids	classified	as	induced	ovulators	
have	also	been	reported	to	show	spontaneous	ovulation	in	captivity	
due	to	female	social	interaction	or	the	presences	of	males	(domestic	
cats	[30,	31],	lions	[32],	cheetah	[33],	and	clouded	leopard	[34]).	

Fig. 3.	 The	follicle	growth	profiles	of	Bears	E	and	F	(those	observed	in	
June),	 along	with	changes	 in	plasma	steroid	hormones,	vaginal	
cytology,	and	vulva	score.	The	top	panels	show	the	total	follicle	
number	 in	 each	 animal.	 Follicles	 and	 corpora	 lutea	 (CLs)	
diameters	that	could	be	traced	by	ultrasonography	are	shown	in	
the	second	row	of	panels.	Major	wave	follicles	(Major	F)	are	those	
that	developed	to	greater	than	6.0	mm	in	diameter.	The	changes	
in	plasma	estradiol-17β	(E2)	and	progesterone	(P4)	are	shown	in	
the	third	row	of	panels.	The	bottom	panels	show	the	cornification	
rate	(Corn.)	and	the	vulva	score	(Vulv.).	Bear	E	was	administered	
gonadotropin	 releasing	 hormone	 (GnRH)	 to	 induce	 ovulation.	
The	broken	lines	indicate	the	date	of	GnRH	administration.

Fig. 4.	 Scatter	diagram	and	linear	relationship	for	follicular	diameter	in	
the	minor	waves	(open	circles,	n	=	21)	and	major	waves	(closed	
circles,	n	=	15).	Data	from	previous	observations	(n	=	3)	[10]	were	
combined	with	 those	obtained	 in	 the	present	 study.	The	day	on	
which	each	follicle	had	the	largest	diameter	was	defined	as	Day	0.

Table 3.	 Comparison	of	plasma	estradiol-17β	(E2)	and	progesterone	
(P4)	concentrations	in	three	ovarian	activity	periods

Period E2	(pg/ml) P4	(ng/ml)
Minor	wave 6.8	±	3.9	a	(2.2‒12.8) 0.3	±	0.3	c	(0.1‒1.0)
Major	wave 7.3	±	4.4	a	(2.2‒16.1) 1.0	±	0.6	b	(0.3‒2.3)
Post-ovulation 3.2	±	1.0	b	(2.0‒5.4) 1.8	±	0.7	a	(0.8‒3.2)

Values	 are	 presented	 as	mean	±	SD	 (range).	 a,	 b,	 c	The	values	with	
different	superscript	differ	significantly	within	a	column	(P	<	0.05).	
The	values	include	data	from	Bears	B	to	F.
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Given	this	evidence,	the	phenomenon	of	spontaneous	ovulation	may	
be	easily	induced	in	captivity.
From	our	results	of	spontaneous	and	induced	ovulation,	follicles	

with	a	size	between	approximately	6.0	to	11.0	mm	have	the	potential	
to	ovulate	if	a	LH	surge	occurs.	In	Bear	F,	a	follicle	approximately	
6.0	mm	in	size	ovulated	spontaneously,	followed	by	two	8.8	and	
6.6	mm	follicles	at	the	next	observation	seven	days	later.	A	Follicle	
about	6.0	mm	is	possibly	responds	to	the	LH	surge	from	dominant	
follicles,	thus	6.0	mm	follicles	may	have	acquired	LH	receptors.	
However,	a	6.0	mm	follicle	may	not	induce	an	LH	surge	by	itself.	
Additionally,	plasma	P4	production	increased	within	nine	days	prior	
to	ovulation,	with	the	largest	follicle	size	being	8.8–9.9	mm	in	Bears	
B	to	D.	An	increase	in	P4	prior	to	ovulation	is	a	common	phenomenon	
in	animals	with	a	long	estrous	period,	a	gradual	LH	increase,	and	
extended	LH	surge.	In	dogs	[35],	horses	[36],	and	pigs	[37],	LH	
concentrations	gradually	increase	over	a	few	to	several	days	and	
blood	P4	concentrations	start	to	increase	after	initiation	of	the	LH	
surge,	well	in	advance	of	ovulation.	In	addition,	P4	concentration	is	
an	established	indicator	for	determining	AI	timing	in	dogs.	Generally,	
it	reflects	an	increase	in	secretion	of	LH,	the	indicator	for	follicular	
maturation	in	animals.	Therefore,	follicles	approximately	6.0	mm	
in	size	may	be	immature.	Several	reports	have	revealed	hormonal	
changes	without	ovarian	activity	during	the	breeding	season	in	giant	
pandas	[38],	sun	bears	[39],	polar	bears	[40],	and	brown	bears	[12].	
However,	Kang	et al.	[41],	monitored	ovaries	by	ultrasonography	
in	Asian	black	bears	and	showed	a	plasma	progesterone	increase	
before	ovulation	when	the	follicle	size	was	between	7.0	to	8.8	mm.
The	present	study	performed	weekly	ovarian	observations	because	

follicular	growth	occurs	in	three	to	ten	day	intervals	at	a	rate	of	0.25	
mm/day	(1.75	mm/week)	[10].	Although	we	focused	on	the	size	of	
largest	follicle	in	the	present	study,	it	may	be	necessary	to	consider	
the	size	of	subordinate	follicles,	since	two	or	three	follicles	typically	
ovulate	in	brown	bears.	In	Bear	D,	GnRH	induced	ovulation	of	the	
largest	follicle,	while	simultaneously	stimulating	the	development	
of	a	5.5	mm	follicle	and	resulting	in	ovulation	within	a	week.	This	
ovulation	gap	occurred	due	to	the	exogenous	hormonal	treatment.	
Monitoring	follicle	development	in	the	major	wave	needs	to	be	
undertaken	more	frequently	to	confirm	the	timing	of	ovulation	
induction.
Our	results	suggest	that	20	µg	of	GnRH	may	be	sufficient	to	

induce	ovulation	in	brown	bears.	In	the	present	study,	all	three	
bears	ovulated	successfully	when	either	20	or	40	µg	of	GnRH	was	
administered.	In	addition,	a	10	mm	follicle	was	induced	to	ovulate	by	
20	µg	of	GnRH	in	the	previous	study	[10].	There	was	no	significant	
difference	in	follicle	diameters	prior	to	ovulation	or	CLs	at	first	
detection	between	induced	and	spontaneous	ovulation.	Furthermore,	
P4	concentrations	increased	in	a	similar	manner	after	both	induced	
and	spontaneous	ovulation.
The	vulva	score	and	cornification	rate	in	vaginal	cytology	have	been	

used	as	indicators	of	estrus	in	giant	pandas	and	sun	bears	[18,	19].	In	
the	present	study,	cornification	rate	was	high	from	early	May;	it	then	
dropped	to	the	baseline	rate	when	dominant	follicles	disappeared.	
Vulva	score	showed	similar	changes.	In	general,	the	cornification	
rate	and	vulva	score	reflect	E2	concentrations.	Our	results	show	a	
relationship	between	these	indicators	and	E2	concentrations	similar	
to	that	described	in	previous	reports.	These	features	may	be	used	

as	indicators	of	the	follicular	phase	but	may	be	not	precise	enough	
to	determine	the	timing	of	AI.
In	conclusion,	brown	bears	may	be	seasonal	monoestrous	animals,	

and	follicles	greater	than	8.0	mm	in	size	are	suitable	for	ovulation	
induction	by	hormonal	treatment.	There	appears	to	be	only	one	
opportunity	to	perform	AI	in	their	breeding	season.	More	accurate	
growth	rates	and	prediction	methods	for	major	follicular	waves	need	
to	be	determined	in	a	future	study	to	confirm	the	optimal	timing	of	AI.
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