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Novel assemblages in a rapidly changing 
climate:  the legacy of exotic species



What’s an exotic invasive species in a 
rapidly warming climate?
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Interagency effort to pioneer 
assessment of climate change 
effects on biome and species 
distributions using climate 
envelope models











By 2100…
only 25% of Alaska remains as 
biome refugia
eastern Kenai and Prince Williams 
Sound remains rainforest 
western Kenai converts to 
grasslands from boreal forest



 Alaska is warming at 2X Lower 48 
rate

 Climate warming effects are not 
masked by other human-caused 
drivers of change

 Kenai Peninsula may be best studied 
locale in AK outside of high arctic



▬ 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, 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



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



Conversion of white/Lutz spruce 
forests to Calamagrostis savannah

Boucher and Mead 2006, Bowser et al. 2017 



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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Current climate (2000)

https://www.fws.gov/alaska/fisheries/invasive/reports.htm



2020

https://www.fws.gov/alaska/fisheries/invasive/reports.htm



2050

https://www.fws.gov/alaska/fisheries/invasive/reports.htm



2080

https://www.fws.gov/alaska/fisheries/invasive/reports.htm



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



The boreal system as we’re taught…  



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


272 trophic links: 
5 involve 2 exotics
31 involve one exotic species 

Greens = plants
Browns = fungi
Reds = animals

Our management choices affect 
evolutionary potential



We need a sophisticated perspective on 
managing exotic species…

 Alaska is already responding to a 
warming climate and forecasted to 
continue doing so 

 Novel assemblages ≠ simple re-
shuffling of native biota

Many exotic species already 
introduced and more enroute

 Focus on novel species (but scale 
dependent)

 Be circumspect about invasive 
species rankings

When in doubt, kill it!



Questions????
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