
Wolf and brown bear predation on 
Togiak Refuge moose

• Bear status
• Wolf status
• Predation on moose and caribou by bears and wolves
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• 40 adult female brown bears 
radiocollared

• Bears located close to salmon 
streams from 16 July–15 
August, coinciding with salmon 
availability. 

• Home ranges averaged  356 
km2 (93-623)

• Population rate of increase 
varied .963-1.047, suggesting 
stability

Togiak Refuge brown bear home range and 
survival study, 1993-2003

Ursus 16(2):181–189 (2005)
Ursus 17(1):16–29 (2006)



• Performed in 2003 – 2004
• 969 aerial transects flown
• 197 Bear groups seen (330 bears)
• Population density:  40.4 total bears/1000 km2  (95% CI:  31—55)

•Total bears:   855 (95% CI:  665 – 1,154)

Togiak Refuge Brown Bear Population Estimate

3
Journal of Fish and Wildlife Management 1(1)45-58.
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Salmon availability comparison:
Togiak and Kodiak

Togiaka Kodiakb

Total salmon (millions of kg) 3.7 12.7

Area (thousands of km2) 21 12

Independent bears 579 2,300

Salmon kg/bear (thousands) 6.4 5.5

aValues from ADFG sources and Walsh et al.  2010. Application of a double-observer 
aerial line-transect method to estimate brown bear population density in southwestern 
Alaska.  Journal of Fish and Wildlife Management 1(1)45-58.

bValues from Van Daele et al.  2013.  Salmon consumption by Kodiak brown bears with 
ecosystem management implications.  Can. J. Zool. 91:  164-174.
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Togiak Refuge Brown Bear Harvest
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Bear status conclusions:

• Togiak Refuge has a moderately abundant bear 
population

• Population size is strongly influenced by salmon 
availability

• Harvest has increased but has not caused a decreased 
age or size structure
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Wolf status

• Radio-telemetry project 2007-2011 focused on Nushagak 
Peninsula caribou.

• Refuge-wide wolf study 2015—present Focused on moose 
predation. 

• 85 total wolves captured (68 individuals)
• >200,000 locations collected
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Pack range size

• Ranges average 2,245 square kilometers.
12
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Estimated wolf pack size

Unshaded values are count data.
Gray shaded values are averages 
of count data.

Pack averages:
Spring – 6.7
Fall – 7.2

Pup production:  
4.3 pups/litter (n = 13)
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Wolf status conclusions:

16

• The Togiak Refuge wolf population is composed of 
approximately 12 packs 

• The total population is variable, but averages 
approximately 100.

• Pack territories average about 2,200 km2
• The area is at or near population saturation, suggesting 

that growth is unlikely



Wolf and bear predation on 
Togiak Refuge moose

• Cow moose mortality study
• Nushagak Peninsula caribou wolf predation study
• Wolf and bear diet study 
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Causes of mortality of radio-collared female moose, 
1998-2020

*Data from Aderman, A. R., S. J. Lowe and J. D. Woolington.  2013. Monitoring moose 
demographics at Togiak National Wildlife Refuge, southwestern Alaska, 1998-2011.  Togiak
National Wildlife Refuge and Alaska Department of Fish and Game, Dillingham AK.  25pp,  and 
unpublished data.
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Annual mortality of female 
moose, 1998-2020

• Sample size of radio-collared cows:  average = 34.7 
(range:  19-44 annually)

• Annual mortality:  average = 3.0 (range:  1-7)
• Total annual mortalities:  67 of 764 cow/years = 

8.8% 
• Overall mortality due to bear predation:  40%

•Annual mortality  of cow moose due 
to bear predation: 3.5% 
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Walsh, P. and J. Woolington. 2019.  Influence of wolf predation on population momentum of the 
Nushagak Peninsula caribou herd, southwestern Alaska.  Rangifer 39, (1), 2019: 1-10, 
DOI: https://doi.org/10.7557/2.39.1.4455.

https://doi.org/10.7557/2.39.1.4455
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Sheet1

		Timing, method and estimate of population size of Nushagak Peninsula caribou

																Known mortalities

		Date				Method				on Nush. Pen		off Nush. Pen		Total		uncollared		collared		Reference

		15-Feb-88				Reintroduction				139		7		146						Hotchkiss 1989

		3-Jan-89				Telemetry/search				202				202						Hotchkiss 1989, Caribou survey No. 22

		1-Feb-90				Telemetry/search				268				268						caribou survey no. 40

		16-Feb-91				Telemetry/search				383				383						Nushagak Peninsula caribou trend count No. 49

		3-Mar-92				Telemetry/search				561				561						Nushagak Peninsula caribou population count No. 57												2 illegal kills

		9-Feb-93				Telemetry/search				734				734						669 caribou in Nushagak Peninsula caribou population count No. 69, 734 caribou in Hinkes and Van Daele 1996

		19-Jan-94				Transect/no telemetry				1007				1007						Nushagak Peninsula caribou population count No. 80

		19-Jul-95				oblique photo				1156				1156

		22-Feb-96				Transect/no telemetry				906				906

		15-Jul-96				oblique photo				1112				1112

		10-Mar-97				Transect/no telemetry				1255				1255		7		0		1 dead caribou and 5 kill sites not included in total

		26/27-Feb-98				Transect/with telemetry				1273		126		1399						3 dead caribou not included in total

		30-Jun-98				oblique photo				1237				1237

		2-Mar-99				Transect/no telemetry				1281		100		1381		10		3		1 natural kill site not included in total

		21-Jun-99				visual estimate				961		11		972

		4-Jan-00				visual estimate				654		370		1024						1 kill site not included in total

		9-Feb-01				Transect/no telemetry				1037				1037

		27-Jun-01				oblique photo				930				930

		8-Feb-02				Transect/no telemetry				890		47		937		7		2

		18-Jul-02				oblique photo				678				678

		17/18-Jul-03				visual estimate				757				757						photos unaccounted for

		11-Mar-04				Transect/no telemetry				734		46		780						2 fresh kill sites not included in total

		22-Jul-04				oblique photo				588				588

		15-Jul-05				oblique photo				594				594

		15-Mar-06				Transect/with telemetry				546				546		2		5		1 caribou kill site (next to brown bear in den) not included in total)

		27-Jun-06				oblique photo				477				477

		2-Jul-07				oblique photo				462				462

		30-Jan-08				Transect/with telemetry				556				556		0		2

		27-Jun-08				oblique photo				579				579

		31-Mar-09				Transect/with telemetry				547		6		553						1 caribou kill site not included in total

		30-Jun-09				oblique photo				679				679

		6-Jul-10				oblique photo				706				706

		4-Feb-11				Transect/with telemetry				801				801

		5-Jul-11				oblique photo				855		4		859

		24-Feb-12				Transect/no telemetry				805				805
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Winter counts

		Timing, method and estimate of population size of Nushagak Peninsula caribou
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Summer counts

		Timing, method and estimate of population size of Nushagak Peninsula caribou

		Winter counts only

																Known mortalities

		Date				Method				on Nush. Pen		off Nush. Pen		Total		uncollared		collared		Reference

		15-Feb-1988				Reintroduction				139		7		146						Hotchkiss 1989

		3-Jan-1989				Telemetry/search				202				202						Hotchkiss 1989, Caribou survey No. 22

		1-Feb-1990				Telemetry/search				268				268						caribou survey no. 40

		16-Feb-1991				Telemetry/search				383				383						Nushagak Peninsula caribou trend count No. 49

		3-Mar-1992				Telemetry/search				561				561						Nushagak Peninsula caribou population count No. 57												2 illegal kills

		9-Feb-1993				Telemetry/search				734				734						669 caribou in Nushagak Peninsula caribou population count No. 69, 734 caribou in Hinkes and Van Daele 1996

		19-Jan-1994				Transect/no telemetry				1007				1007						Nushagak Peninsula caribou population count No. 80

		22-Feb-1996				Transect/no telemetry				906				906

		10-Mar-1997				Transect/no telemetry				1255				1255		7		0		1 dead caribou and 5 kill sites not included in total

		26/27-Feb-98				Transect/with telemetry				1273		126		1399						3 dead caribou not included in total

		2-Mar-1999				Transect/no telemetry				1281		100		1381		10		3		1 natural kill site not included in total

		4-Jan-2000				visual estimate				654		370		1024						1 kill site not included in total

		9-Feb-2001				Transect/no telemetry				1037				1037

		8-Feb-2002				Transect/no telemetry				890		47		937		7		2

		11-Mar-2004				Transect/no telemetry				734		46		780						2 fresh kill sites not included in total

		15-Mar-2006				Transect/with telemetry				546				546		2		5		1 caribou kill site (next to brown bear in den) not included in total)

		30-Jan-2008				Transect/with telemetry				556				556		0		2

		31-Mar-2009				Transect/with telemetry				547		6		553						1 caribou kill site not included in total

		4-Feb-2011				Transect/with telemetry				801				801

		Date				Method				on Nush. Pen		off Nush. Pen		Total		uncollared		collared		Reference

		Feb-88				Reintroduction				139		7		146						Hotchkiss 1989

		Jan-89				Telemetry/search				202				202						Hotchkiss 1989, Caribou survey No. 22

		Feb-90				Telemetry/search				268				268						caribou survey no. 40

		Feb-91				Telemetry/search				383				383						Nushagak Peninsula caribou trend count No. 49

		Mar-92				Telemetry/search				561				561						Nushagak Peninsula caribou population count No. 57

		Feb-93				Telemetry/search				734				734						669 caribou in Nushagak Peninsula caribou population count No. 69, 734 caribou in Hinkes and Van Daele 1996

		Jan-94				Transect/no telemetry				1007				1007						Nushagak Peninsula caribou population count No. 80

		Feb-96				Transect/no telemetry				906				906

		Mar-97				Transect/no telemetry				1255				1255		7		0		1 dead caribou and 5 kill sites not included in total

		Feb-98				Transect/with telemetry				1273		126		1399						3 dead caribou not included in total

		Mar-99				Transect/no telemetry				1281		100		1381		10		3		1 natural kill site not included in total

		Jan-00				visual estimate				654		370		1024						1 kill site not included in total

		Feb-01				Transect/no telemetry				1037				1037

		Feb-02				Transect/no telemetry				890		47		937		7		2

		Mar-04				Transect/no telemetry				734		46		780						2 fresh kill sites not included in total

		Mar-06				Transect/with telemetry				546				546		2		5		1 caribou kill site (next to brown bear in den) not included in total)

		Jan-08				Transect/with telemetry				556				556		0		2

		Mar-09				Transect/with telemetry				547		6		553						1 caribou kill site not included in total

		Feb-11				Transect/with telemetry				801				801
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wolf relationships

		





Pop graphs

		





		Timing, method and estimate of population size of Nushagak Peninsula caribou

		Summer counts only

																Known mortalities

		Date				Method				on Nush. Pen		off Nush. Pen		Total		uncollared		collared		Reference

		19-Jul-95				oblique photo				1156				1156

		15-Jul-96				oblique photo				1112				1112

		30-Jun-98				oblique photo				1237				1237

		21-Jun-99				visual estimate				961		11		972

		27-Jun-01				oblique photo				930				930

		18-Jul-02				oblique photo				678				678

		17/18-Jul-03				visual estimate				757				757						photos unaccounted for

		22-Jul-04				oblique photo				588				588

		15-Jul-05				oblique photo				594				594

		27-Jun-06				oblique photo				477				477

		2-Jul-07				oblique photo				462				462

		27-Jun-08				oblique photo				579				579

		30-Jun-09				oblique photo				679				679

		6-Jul-10				oblique photo				706				706

		5-Jul-11				oblique photo				855		4		859





		





		

						Caribou		Seasonal wolf Peninsula days						For summer count, use seasonal wolf peninsula day total (percentage?) for Early Denning through Fall

				1-Feb-07				140.9433962264		140.9433962264				For winter count, use seasonal wolf peninsula day total for Winter.

				2-Jul-07		462		1139.6825396825		1139.6825396825

				30-Jan-08		556		0		0								Unadjusted wolf Peninsula days		Seasonal wolf Peninsula days				Total wolf days

				27-Jun-08		579		728.7949526814		728.7949526814		2007		Winter				45		140.9433962264				265

				31-Mar-09		553		185.92		185.92		2007		Early denning				140		140				460						Caribou		Seasonal wolf Peninsula days  (Fall and winter for winter caribou counts, E, L denning and late summer for summer caribou counts)

				30-Jun-09		679		1369.3266331658		1369.3266331658		2007		Late denning				210		210				460

				1-Feb-10				141.6081632653		141.6081632653		2007		Late summer				90		90				310				2-Jul-07		462		440

				6-Jul-10		706		1321.3805970149		1321.3805970149		2007		Fall/caribou rut and postrut				580		699.6825396825				630				30-Jan-08		556		699.6825396825

				4-Feb-11		801		195.22323049		195.22323049		2007		Total				1110		1695.1882845188		1280.6259359089		2125				27-Jun-08		579		420

				5-Jul-11		859		2091.0736434108		2091.0736434108		2008		Winter				0		0				1240				31-Mar-09		553		494.7149526814

				24-Feb-12		805		414.3759398496		414.3759398496		2008		Early denning				0		0				1875				30-Jun-09		679		840

				7-Jul-12		902						2008		Late denning				315		157.5				1380				1-Feb-10				670.9347964311

												2008		Late summer				525		262.5				930				6-Jul-10		706		773.5

												2008		Fall/caribou rut and postrut				1288		308.7949526814				4438				4-Feb-11		801		743.1038275049

												2008		Total				2072		1050.3888888889		728.7949526814		9863				5-Jul-11		859		1340.5

												2009		Winter				560		185.92				7000				24-Feb-12		805		1164.9495832605

												2009		Early denning				506		253				1012

												2009		Late denning				624		312				1196

												2009		Late summer				550		275				682

												2009		Fall/caribou rut and postrut				1386		529.3266331658				2189

												2009		Total				3410		1317.08994709		1555.2466331658		12079

												2010		Winter				418		141.6081632653				5390

												2010		Early denning				520		130				2392

												2010		Late denning				1534		383.5				2392

												2010		Late summer				1040		260				1612

												2010		Fall/caribou rut and postrut				1932		547.8805970149				3216

												2010		Total				5244		1531.248		1462.9887602802		15002

												2011		Winter				648		195.22323049				6612

												2011		Early denning				1456		364				2576

												2011		Late denning				2394		598.5				2576

												2011		Late summer				1512		378				1736

												2011		Fall/caribou rut and postrut				1274		750.5736434109				1806

												2011		Total				7392		2302.1160409556		2286.2968739009		15306

												2012		Winter				664		414.3759398496		414.3759398496		2128

												2012		Total

																						r2 = 0.743, P < 0.003
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		Timing, method and estimate of population size of Nushagak Peninsula caribou																		Feb 88		Jul 88		Jan 89		Jul 89		Feb 90		Jul 90		Feb 91		Jul 91		Mar 92		Jul 92		Feb 93		Jul 93		Jan 94		Jul 94		Jan 95		Jul 95		Feb 96		Jul 96		Mar 97		Jul 97		Feb 98		Jun 98		Mar 99		Jun 99		Jan 00		Jul 00		Feb 01		Jun 01		Feb 02		Jul 02		Jan 03		Jul 03		Mar 04		Jul 04		Jan 05		Jul 05		Mar 06		Jun 06		Jan 07		Jul 07		Jan 08		Jun 08		Mar 09		Jun09		Jan 10		Jul 10		Feb 11		Jul 11

																				146				202				268				383				561				734				1007						1156		906		1112		1255				1399		1237		1381		972		1024				1037		930		937		678				757		780		588				594		546		477				462		556		579		553		679				706		801		859

		Date																		146						Feb 88

		15-Feb-88		146				15-Feb-88		Feb 88																Jul 88

										Jul 88										202						Jan 89

		3-Jan-89		202				3-Jan-89		Jan 89																Jul 89

										Jul 89										268						Feb 90

		1-Feb-90		268				1-Feb-90		Feb 90																Jul 90

										Jul 90										383						Feb 91

		16-Feb-91		383				16-Feb-91		Feb 91																Jul 91

										Jul 91										561						Mar 92

		3-Mar-92		561				3-Mar-92		Mar 92																Jul 92

										Jul 92										734						Feb 93

		9-Feb-93		734				9-Feb-93		Feb 93																Jul 93

										Jul 93										1007						Jan 94

		19-Jan-94		1007				19-Jan-94		Jan 94																Jul 94

										Jul 94																Jan 95

										Jan 95										1156						Jul 95

		19-Jul-95		1156				19-Jul-95		Jul 95										906						Feb 96

		22-Feb-96		906				22-Feb-96		Feb 96										1112						Jul 96

		15-Jul-96		1112				15-Jul-96		Jul 96										1255						Mar 97

		10-Mar-97		1255				10-Mar-97		Mar 97																Jul 97

										Jul 97										1399						Feb 98

		26-Feb-98		1399				27-Feb-98		Feb 98										1237						Jun 98

		30-Jun-98		1237				30-Jun-98		Jun 98										1381						Mar 99

		2-Mar-99		1381				2-Mar-99		Mar 99										972						Jun 99

		21-Jun-99		972				21-Jun-99		Jun 99										1024						Jan 00

		4-Jan-00		1024				4-Jan-00		Jan 00																Jul 00

										Jul 00										1037						Feb 01

		9-Feb-01		1037				9-Feb-01		Feb 01										930						Jun 01

		27-Jun-01		930				27-Jun-01		Jun 01										937						Feb 02

		8-Feb-02		937				8-Feb-02		Feb 02										678						Jul 02

		18-Jul-02		678				18-Jul-02		Jul 02																Jan 03

										Jan 03										757						Jul 03

		18-Jul-03		757				3-Jul-11		Jul 03										780						Mar 04

		11-Mar-04		780				11-Mar-04		Mar 04										588						Jul 04

		22-Jul-04		588				22-Jul-04		Jul 04																Jan 05

										Jan 05										594						Jul 05

		15-Jul-05		594				15-Jul-05		Jul 05										546						Mar 06

		15-Mar-06		546				15-Mar-06		Mar 06										477						Jun 06

		27-Jun-06		477				27-Jun-06		Jun 06																Jan 07

										Jan 07										462						Jul 07

		2-Jul-07		462				2-Jul-07		Jul 07								Caribou counts

		30-Jan-08				556		30-Jan-08		Jan 08						Year		Summer only

		27-Jun-08				579		27-Jun-08		Jun 08						2007		462

		31-Mar-09				553		31-Mar-09		Mar 09						2008		579

		30-Jun-09				679		30-Jun-09		Jun09						2009		679

										Jan 10						2010		706

		6-Jul-10				706		6-Jul-10		Jul 10						2011		859

		4-Feb-11				801		4-Feb-11		Feb 11						2012		862

		5-Jul-11				859		5-Jul-11		Jul 11

		24-Feb-12				805		24-Feb-12		Feb 12

		7-Jul-12				902		7-Jul-12		Jul 12





		



No. caribou



		



No. caribou



		



No. caribou





Wolf and brown bear 
diet study, 2015-present

Objective: 
• Determine the quantity of moose annually preyed upon by 

wolves and brown bears throughout Togiak Refuge.

Methods
• Wolf and moose diet determined by stable isotope analysis
• Isotopes are forms of elements that can be distinguished from 

each other 
• Animals are composed of the elements in their diet
• Animals that have different diets are isotopically different
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Isotopic composition of moose and salmon
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Isotopic composition of Togiak Refuge wolves 
and moose and salmon



Bear hair (n = 291)
Wolf hair (n = 102) 
Wolf blood (n = 61)

Tissue samples
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Wolf diets inferred from stable isotopes
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Preliminary wolf summer diet proportion estimate
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Bear diets inferred from stable isotopes
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Preliminary bear diet proportion estimate

28



29

0

500

1000

1500

2000

2500

3000

3500

4000
19

91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

20
09

20
11

20
13

20
15

20
17

20
19

Togiak Refuge moose population growth, 
1991-2020


	Wolf and brown bear predation on Togiak Refuge moose
	Slide Number 2
	Togiak Refuge Brown Bear Population Estimate
	Slide Number 4
	Salmon availability comparison:�Togiak and Kodiak�
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Bear status conclusions:
	Wolf status
	Slide Number 11
	Pack range size
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Wolf status conclusions:
	Wolf and bear predation on Togiak Refuge moose
	Causes of mortality of radio-collared female moose, 1998-2020�
	Annual mortality of female moose, 1998-2020
	Relationship of caribou population and wolf use of Nushagak Peninsula, 2007-2012
	Wolf and brown bear �diet study, 2015-present
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Wolf diets inferred from stable isotopes
	Preliminary wolf summer diet proportion estimate
	Bear diets inferred from stable isotopes
	Preliminary bear diet proportion estimate
	Slide Number 29



