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Kenai National Wildlife Refuge 

What’s an exotic plant in a rapidly 
changing climate?   



Northward migrations of tree distributions  

(McKenney et al. 2011) 



 Alaska is warming at 2X Lower 48 
rate 

 Climate change effects are not 
masked by other anthropogenic 
drivers 

 Kenai Peninsula may be best studied 
locale in AK outside of high arctic 
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http://www.alaskaphotographics.com/photo-96127-09.pl
http://ifw7ken-svr3/KenaiPhotos/Photo.aspx?album=Mammals&photo=Caribou


1,865 species recorded on  
Kenai National Wildlife Refuge 

• 34 mammals  

• 154 birds 

• 20 fish  

• 1 amphibian  

• 611 arthropods  

• 7 molluscs  

• 11 other 
animals  

 

• 493 vascular plants  

• 180 bryophytes  

• 29 fungi  

• 325 lichens 

 

 *1,771 native, 89  non-
native, 5 include both 
native and non-native 
subspecies  



Kenai is ground zero for climate change 

 Kenai winters have warmed more than summers 

 Kenai nights have warmed more than days 

Homer has jumped 2 USDA plant zones 

 Biggest future uncertainty on Kenai is form and variation 
of increasing precipitation  

Extreme events likely 

Snow may increase at higher elevations but decrease 
along coast 



▬ available water (60% loss since 1968)  

▬ wetlands (6 – 11% per decade) 

▬ glaciers (11% surface area, 21 m elevation) 

+  treeline (10 m per decade, 2.8 m•y-1) 

+  SB beetle outbreaks (triggered by 2 

consecutive warm summers) 

 

Kenai’s landscape has  
changed dramatically in 
last 50 years in response 
to warming and drying 
 

Adageirsdottir et al. 1998, Berg et al. 2006, Berg et al. 2009,  
Dial et al. 2007, Dial et al. 2016, Klein et al. 2005, Rice 1987  



Official fire season is now 
April 1 instead of May 1 
  

http://www.electricskies.com.au/Galleries/WBelt/WBeltP68.htm


Woody shrub encroachment into 
8000 year old Spagnum peatlands 

 Berg et al. 2009 



Conversion of white/Lutz spruce 
forests to Calamagrostis savannah 

See Boucher and Mead 2006 



 

47 > 13°C 
39 > 15°C 
17 > 20°C 

Salmon in 47 of 48 non-glacial streams experience 
thermal stress in July  
 

These maximum temperatures  
shall not be exceeded: 
  
 egg & fry incubation = 13°C  
 spawning areas = 13°C  
 migration routes = 15°C  
 rearing areas = 15°C  
 and may not exceed 20°C at any time Mauger 2011 



Eurasian-collared dove* 
Redwing* 
Jack snipe* 
Skylark* 
Long-billed murrelet* 
Black-tailed godwit* 
Northern mockingbird 
Spotted towhee 
Turkey vulture 
Western kingbird 
Western meadowlark 
Willow flycatcher 
Northern wheatear 
Western tanager 
Yellow-bellied sapsucker 
Warbling vireo 
Swamp sparrow 
Tennessee warbler 
Cape May warbler 
Nashville warbler 
Wilsons’s phalarope 
Great egret 
Willet 
Red-footed booby 
Black guillemot 
Heerman’s gull 
Lesser black-backed gull 

 Earlier arrival records for 33 species 

 Later departure records for 38 species  

 27 new species since 2007 

Changing migration window in last 
decade 

eBird data 



Early January 2016 



Take this with a grain of salt…. 



Interagency effort to pioneer the 

assessment of climate change 

impacts on biome and species 

distributions using climate 

envelope models 



Why are potential and realized niches 
different? 

 Climate (photoperiod, temperature, precipitation) 

 Species-specific generational times 

 Competitive interactions with other plants  

 Competitive interactions with herbivores 

 Soil  (soil type/litter, mycorrhizal fungi, soil temperature, 
 permafrost) 

 Host-parasitoid relationships 

 Dispersal mechanisms (wind, cones, insects, birds) 

 Barriers (mountains, glaciers, oceans) 

 

 

 

 









63% of Alaska will 
experience novel biomes 
by the end of this century! 



Western Kenai changes 
from transitional boreal to 

Aleutian Islands biome! 
 

Eastern Kenai remains 
coastal rain forest 



Take this with a grain of salt…. 



Interagency effort to pioneer the 

spatial modeling of climate change 

impacts on biome and species 

distributions  











By 2100… 
Only 25% of Alaska remains as 
biome refugia 
Western Kenai goes from boreal 
forest to grasslands 
Eastern Kenai stays coastal 
rainforest 



Take this with a grain of salt…. 



Climate envelope modeling using 

 Random Forests™ 

 

a1b scenario decadal averages for 

 temperature, precipitation (SNAP)  

 

landcover type with the greatest % cover in 

 2km pixels  

 

if previous landcover type for each timestep 

 (2039, 2069, 2099) P >0.5 then stay; 

 if P <0.5 then landcover type with 

 highest probability  

Forecasting the Kenai Peninsula’s 

landscape through 2100 





37% of Kenai Peninsula 
landcover types are 
forecasted to change by 
2099! 
 

 

Eastern side shows 
afforestation of alpine 
(hemlock) and coast (Sitka 
spruce)  
 
Western side shows 
deforestation (white and 
black spruce), expanding 
grasslands  
 



Take this with a grain of salt…. 



SEPT 1985 SEPT 2014 



Spruce Bark Beetle 
Mortality (1989-2010) 



Wildfires (1994–2007) 

1994 Windy Point  
1996 Crooked Creek  
2005 Glacier Creek  
2005 Fox Creek  
2005 Tracy Avenue 
2007 Caribou Hills  



2002 imagery 
• Forest 55% 
• Other 40% 
• Herbaceous 5% 

40,000-acre contiguous 
grassland polygon in 2015 









Staudinger et al.  2012. Impacts of Climate Change on Biodiversity, Ecosystems, and Ecosystem Services: Technical 
Input to the 2013 National Climate Assessment.   

1900 68 cm, 2.3° C  
 
1980 73 cm, 3.3° C 
 
2090 84 cm, 6.8° C 
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Temperature (˚C) 



Balsam poplar  

8° to 14° C (46°- 57° F)  

White birch   

9° to 11° C (48°- 52° F) 

Surface soil temperatures? 



Exotic earthworms? 



Invasive plants? 



> 138 exotic species of flora (108) and fauna (30) occur on 
the Kenai Peninsula and are poised to fill novel assemblages 



Take this with a grain of salt…. 



The trajectory we’re on:   
Human-mediated system with an unknown 
outcome… 

Cluster Fly 

Earthworms 
Pheasant 

Spruce bark  

beetle 

Coho 

http://www.insectimages.org/images/768x512/0758149.jpg


Kenai Peninsula is already responding to a changing climate and 
forecasted to continue doing so 
 

Novel assemblages ≠ simple re-shuffling of native flora and fauna 
 

Many extant native species are on a trajectory for extirpation 
 

Many exotic species already introduced and more enroute  
 

Should we influence these outcomes?   

Do what you want with the salt,  

but the Kenai is changing… 



Same climate forecast 

but potentially 

different outcomes…. 

We are already 

making choices!  

Boreal Transitional 



What’s an exotic plant in a rapidly 
changing climate?   





Hardwoods 

• Ash (green) 
• Birch (Rocky Mountain white, weeping) 
• Elm (Siberian) 
• Linden (big leaf, little leaf) 
• Maple (Amur, Norway, red, silver, Tatarian) 
• Mountain ash (European/S. aucuparia) 
• Oak (Burr, Red) 
• Russian olive 
• Poplar (Norway) 
• Willows (11 species) 

 

 Aspen (quaking) 
 Birch (Kenai, white) 
 Cottonwood (balsam, black) 
 Mountain ash (S. scopulina) 
 Willows (Scouler, Pacific) 



Softwoods 

• Cedar (Western red, white) 
• Dawn redwood (Metasequoia) 
• Fir (balsam, Douglas, grand, Korean, 

Sakhalin, Shasta red, silver, subalpine, 
white)  

• Hemlock (Eastern) 
• Juniper 
• Larch (Alaska, Dahurian, Siberian, 

Western) 
• Pine (Austrian, bristlecone, Eastern 

white, lodgepole, limber, Manchurian, 
Mugo, Ponderosa, Scotch, Siberian, 
Western white) 

• Spruce (Black Hills, blue, dwarf 
Alberta, Englemann, Norway) 

 Hemlock (mountain, Western) 
 Spruce (black, Lutz, Sitka, white) 



• Apples (several varieties) 
• Apricot (Manchurian) 
• Cherry (several varieties) 
• Chokecherry 
• Crab apple 
• Mayday 
• Pear (Ussurian) 
• Serviceberry (Saskatoon berry) 

Fruit trees 

 Amelanchier alnifolia, A. florida 



Questions???? 


