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1) Potential for large reductions in the global population of polar bears in 35-
40 years as Arctic sea-ice loss continues:

• The probability of a reduction greater than 30% is 0.71 (range 0.20-0.95)
• The probability of a reduction greater than 50% is 0.07 (range 0-0.35)
• The probability of a reduction greater than 80% is negligible

2) Results support listing polar bears as vulnerable on the International 
Union for the Conservation of Nature’s (IUCN) Red List

3) Our work demonstrates large uncertainty in statistical projections due to 
variable status of polar bear subpopulations and uncertainty in data

Findings



Sea ice is the primary habitat for polar bears

Travel Hunt

Mate Some maternity denning



19 subpopulations and 4 ecoregions

PBSG Status Table, 2014

Estimated 26,000* 
(22,000-31,000) 

polar bears 
throughout the 

range (Wiig et al. 
2015) 



Variability and uncertainty

There is variability in the current status of polar bear 
subpopulations based on the best-available scientific 
information.

There is uncertainty, especially concerning unstudied and less-
studied subpopulations.

Over the near and mid-term, there is likely to continue to be 
variability in sea-ice loss impacts on polar bears.  

However, all subpopulations are expected to be negatively 
impacted by sea-ice loss over the long-term. 



Step 1: Estimate generation Length

•3,191 ages of adult female polar 
bears with dependent young 
from 1967-2013

•Data from all well-studied 
subpopulations (n=11)

•Generation length global mean 
11.5 years (range 9.8 - 13.6)



−9.4 days/decade

−21.7 days/decade

−23.9 days/decade

−24.7 days/decade

−8.6 days/decade

−8.9 days/decade

−17.5 days/decade

−41.0 days/decade

(Stern and Laidre 2016) 

Step 2: Sea ice metric documented habitat decline in all 
19 polar subpopulations



We projected future sea ice 
conditions forward in time over 3 
generations (35-40 years) using 
the fits from linear models (1979-
2014)

Habitat projections



Used three hypothesis-based approaches, given relationships 
between sea ice and abundance are not completely understood 
and are currently variable:

Approach 1 assumed a one-to-one proportional relationship 
between sea ice loss and abundance for each subpopulation

Approaches 2 and 3 estimated linear relationships based on 
available data to calculate global or ecoregion-specific sea 
ice/abundance relationships

Step 3: Population projections



The first data-based sensitivity analysis evaluating 
the potential response of the global population 
of polar bears to projected sea-ice declines

Photo: Kristin Laidre



Previous methods to evaluate the effects of sea-
ice loss on polar bears:

Global:
• Interviews of experts
• Bayesian Belief Networks incorporating expert 

opinion to evaluate qualitative effects of changes 
in sea ice and other stressors

Subpopulation-specific:
• Models projecting a subpopulation forward in 

time based on survival and reproductive rates



No analysis has directly used estimates of abundance for 
the 19 polar bear subpopulations to evaluate future status 
as a function of multiple relationships between abundance 

and sea ice 
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Satellite measures of vegetation predict 
mule deer and mtn lion abundance 
across climatic zones 
•  Climate	
  /	
  land-­‐use	
  forecasts	
  suggest	
  popula&on	
  
declines;	
  

•  Loss	
  of	
  wildlife	
  will	
  have	
  economic	
  
implica&ons…	
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Climate drives the system… 

wet	
  
drought	
  

wet	
   drought	
  



BENEFITS:  
Wildlife recreation 

$150 billion / yr 

COSTS:  
Agriculture | Vehicle collisions | Human safety 

https://animalgals.wordpress.com/ 

B.	
  Pierce,	
  CDF&W	
  
US	
  Fish	
  &	
  Wildlife	
  Service.	
  2012.	
  NaOonal	
  survey	
  of	
  fishing,	
  hunOng,	
  and	
  wildlife-­‐associated	
  recreaOon.	
  

$5 billion / yr 

Satellite imagery in wildlife management:  
Lower costs | higher precision | broad-scale 
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Take	
  home	
  messages	
  
q Wild	
  reindeer	
  and	
  caribou	
  populaOon	
  are	
  declining	
  
	
  	
  
q  Strong	
  evidence	
  of	
  long-­‐term	
  spa/al	
  fidelity:	
  reindeer	
  

return	
  to	
  the	
  same	
  loca0ons	
  year	
  a2er	
  year	
  	
  
	
  
q  Recent	
  migra/on	
  shiK	
  	
  
	
  
q  Changes	
  in	
  range	
  likely	
  driven	
  by	
  climate	
  change	
  

(warmer	
  temperatures,	
  increased	
  mosquito	
  
harassment,	
  rivers	
  open	
  early)	
  and	
  human	
  acOvity	
  

	
  
q  Satellite	
  imagery	
  shows	
  that	
  the	
  arrival	
  of	
  reindeer	
  to	
  

new	
  grounds	
  doesn’t	
  seem	
  to	
  lead	
  to	
  overgrazing	
  



Source:	
  CircumArcOc	
  Reindeer	
  Monitoring	
  and	
  Assessment	
  (2014)	
  

Declining  Reindeer/Caribou  
Popula4ons!


Taimyr	
  wild	
  reindeer	
  populaOon	
  	
  

Taimyr	
  wild	
  reindeer	
  herd:	
  600,000	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  24%	
  of	
  world	
  populaOon	
  	
  

2,500,000	
  reindeer	
  and	
  caribou	
  



Observing	
  Shi\s	
  in	
  Wild	
  Reindeer	
  MigraOon:	
  
airborne	
  and	
  satellite	
  data	
  

Airborne	
  surveys	
  
1969-­‐2009	
  

Real-­‐/me	
  	
  
tracking	
  using	
  satellite	
  collars	
  

Landsat	
  land	
  cover	
  data	
  June	
  	
  

July	
  

Winter	
  



Impacts	
  on	
  wild	
  reindeer	
  migraOon	
  
Climate	
  change	
  
•  Warming	
  (+1.5C)	
  
•  Unstable	
  winters	
  (icing)	
  
•  Rivers	
  open	
  earlier	
  
•  Summer	
  grounds	
  move	
  

north	
  (longer	
  distance	
  to	
  
cover)	
  

•  Increased	
  mosquito	
  
harassment	
  	
  

•  “Greening”	
  of	
  tundra	
  
•  Wildfires	
  	
  

Human	
  ac/vity	
  
•  MigraOon	
  obstacles:	
  

infrastructure	
  
•  HunOng	
  pressure,	
  poaching	
  
•  Disturbance	
  and	
  polluOon	
  of	
  

pastures	
  
•  CompeOOon	
  with	
  domesOc	
  

reindeer	
  
•  Predator	
  control	
  (or	
  lack	
  of	
  

such)	
  
•  PolluOon	
  (Norilsk)	
  



Results:	
  SpaOal	
  Fidelity	
  and	
  Shi\	
  Confirmed	
  
Temporal	
  varia0on	
  

STRONG	
  SPATIAL	
  FIDELITY	
  

1	
  
2	
  

3	
  
4	
  

SUMMER	
  Fidelity:	
  
•  Compact	
  distribuOon	
  of	
  annual	
  

summer	
  grounds	
  
•  4	
  areas	
  idenOfied	
  as	
  frequently	
  

used	
  (>	
  50%)	
  
Change	
  (since	
  2000):	
  
•  Deviate	
  further	
  away	
  from	
  

historical	
  locaOons	
  
•  Summer	
  concentraOons	
  are	
  

shi\ing	
  to	
  the	
  east	
  and	
  north	
  
•  Re-­‐uOlizing	
  smaller	
  percentages	
  

of	
  range	
  
•  Summer	
  grounds	
  rising	
  in	
  

eleva/on	
  
•  PopulaOons	
  declining	
  in	
  western	
  

habitat	
  

	
  



Calving	
  and	
  winter	
  shi\s:	
  East	
  

q  Longer	
  distances	
  to	
  travel	
  between	
  calving	
  	
  
and	
  summer	
  ranges	
  

q  Increasing	
  calf	
  mortality	
  	
  	
  
q  Forced	
  to	
  cross	
  open	
  rivers	
  	
  



Results:	
  How  does  reindeer  presence    
affect  vegeta4on?


Mean	
  NDVI	
  values	
  on	
  
7/26/2000	
  
Within:	
  	
  	
  .369	
  
Outside:	
  .391	
  
Difference:	
  0.228	
  

Mean	
  NDVI	
  values	
  on	
  	
  
8/11/2000	
  
Within	
  :	
  	
  .451	
  
Outside:	
  .469	
  
Difference:	
  0.184	
  

Is	
  overgrazing	
  an	
  issue	
  for	
  Taimyr	
  	
  
reindeer	
  popula0on?	
  
•  Large	
  herd	
  observed	
  in	
  July	
  2000	
  
•  Landsat	
  satellite	
  was	
  overhead	
  
NDVI	
  –	
  index	
  that	
  shows	
  plant	
  “greenness”	
  	
  
(proxy	
  of	
  biomass,	
  abundance)	
  

Depression,	
  but	
  quick	
  	
  
recovery	
  of	
  NDVI	
  

depression	
  

rapid	
  recovery	
  

Caribou	
  popula0on	
  fluctua0ons	
  may	
  result	
  of	
  
natural	
  shi2	
  from	
  year	
  to	
  year	
  in	
  response	
  to	
  
forage	
  availability	
  (Gunn	
  et	
  al.,	
  2009)	
  



Take	
  home	
  messages	
  recap	
  
q Wild	
  reindeer	
  and	
  caribou	
  populaOon	
  is	
  declining	
  	
  
q  Strong	
  evidence	
  of	
  long-­‐term	
  spa/al	
  fidelity:	
  reindeer	
  

return	
  to	
  the	
  same	
  loca0ons	
  year	
  a2er	
  year	
  	
  
q  Recent	
  migra/on	
  shiK	
  in	
  summer	
  habitats	
  (N-­‐NE):	
  

colder	
  and	
  higher	
  elevaOons	
  
q  Recent	
  shi\	
  in	
  calving	
  areas	
  has	
  increased	
  distance	
  

between	
  reindeers’	
  calving	
  and	
  winter	
  grounds,	
  
increasing	
  calf	
  mortality	
  

q  Changes	
  in	
  range	
  likely	
  driven	
  by	
  climate	
  change	
  
(warmer	
  temperatures,	
  increased	
  mosquito	
  
harassment,	
  rivers	
  open	
  early)	
  and	
  human	
  acOvity	
  

q  Satellite	
  imagery	
  shows	
  that	
  the	
  arrival	
  of	
  reindeer	
  to	
  
new	
  grounds	
  doesn’t	
  seem	
  to	
  lead	
  to	
  overgrazing	
  



Ques/ons?	
  

andrey.petrov@uni.edu	
  	
  



Take	
  home	
  messages	
  
q Wild	
  reindeer	
  and	
  caribou	
  populaOon	
  are	
  declining	
  
	
  	
  
q  Strong	
  evidence	
  of	
  long-­‐term	
  spa/al	
  fidelity:	
  reindeer	
  

return	
  to	
  the	
  same	
  loca0ons	
  year	
  a2er	
  year	
  	
  
	
  
q  Recent	
  migra/on	
  shiK	
  (east,	
  north)	
  
	
  
q  Changes	
  in	
  range	
  likely	
  driven	
  by	
  climate	
  change	
  

(warmer	
  temperatures,	
  increased	
  mosquito	
  
harassment,	
  rivers	
  open	
  early)	
  and	
  human	
  acOvity	
  

	
  
q  Satellite	
  imagery	
  shows	
  that	
  the	
  arrival	
  of	
  reindeer	
  to	
  

new	
  grounds	
  doesn’t	
  seem	
  to	
  lead	
  to	
  overgrazing	
  



Climate	
  
change	
  

REINDEER-­‐ENVIRONMENT-­‐HUMAN	
  SYSTEMS	
  ARE	
  CHANGING:	
  

KEY	
  CHANGES:	
  
§  Increasing	
  temperatures	
  
§  Ice-­‐on-­‐snow	
  events,	
  winter	
  precipitaOon	
  
§  Industrial	
  pressure	
  (mining,	
  pipelines)	
  
§  Increasing	
  predator	
  and	
  mosquito	
  harassment	
  	
  
§  Unregulated	
  hunOng,	
  poaching	
  
§  Overgrazing?	
  


	Laidre_polar bears
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
		
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
		
		
	Slide Number 13

	Stoner_Mountain lions and mule deer
	Petrov_reindeer

