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Increasing	
  propagule	
  transport	
  is	
  main	
  cause	
  
of	
  biological	
  invasions	
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Invasive	
  species	
  affect	
  ecosystem-­‐level	
  
proper7es	
  and	
  processes	
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Global	
  changes	
  may	
  increase	
  success	
  of	
  
invasive	
  species	
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Invasive	
  species	
  may	
  affect	
  rates	
  of	
  some	
  
global	
  changes	
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Today:	
  climate	
  and	
  invasions	
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What	
  worst-­‐case	
  scenario	
  concerns	
  
you	
  most?	
  



Stages	
  of	
  
invasion	
  

Hellmann	
  et	
  al.	
  2008	
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Climate change 
could affect 
each of the 
barriers to 
invasion



Each	
  invader	
  may	
  be	
  affected	
  at	
  
different	
  stages	
  and	
  scales…	
  



Climate	
  change	
  will	
  alter	
  some	
  impacts	
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Can	
  you	
  think	
  of	
  an	
  example?	
  



Climate can indirectly affect impact

•  Tamarix is thought to use more water than 
natives

•  Decreasing regional precipitation would 
increase economic impact (Zavaleta 2000)



Will	
  global	
  changes	
  favor	
  invasive	
  species?	
  

Bradley	
  et	
  al.	
  2010	
  TREE	
  (updated	
  from	
  Dukes	
  &	
  Mooney	
  1999	
  TREE)	
  	
  



Management options may determine outcome 
in different systems

Blumenthal and Kray, 2014 

Ag system 



Blumenthal and Kray, in press 

Management options may determine outcome in 
different systems

Natural  
system 
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Some	
  working	
  hypotheses:	
  
	
  

General	
  responses	
  of	
  invasives	
  	
  
(or	
  non-­‐na7ves)	
  vs.	
  na7ves	
  



 	
   	
   	
  Do	
  non-­‐na7ve	
  species	
  respond	
  more	
  
strongly	
  than	
  na7ves	
  to	
  global	
  change?	
  

Sorte et al. 2013 Ecol. Letters



Some	
  na3ve	
  systems	
  would	
  seem	
  to	
  be	
  poorly	
  
adapted	
  to	
  a	
  changing	
  climate…	
  	
  

•  Traits	
  that	
  preclude	
  rapid	
  range	
  shiTs	
  or	
  rapid	
  
adapta7on	
  
– Long	
  juvenile	
  period	
  
– Long	
  lifespan	
  
– LiWle	
  dispersal	
  

…if biotic resistance erodes, these systems may be 
more easily invaded in the future 



Many	
  invasives	
  are	
  well	
  adapted	
  to	
  a	
  
changing	
  climate	
  	
  

•  Traits	
  that	
  allow	
  rapid	
  range	
  shiTs	
  
– Short	
  juvenile	
  period	
  
– Long-­‐distance	
  dispersal	
  



Invasive	
  plants	
  track	
  climate	
  change	
  
beWer	
  	
  

•  In	
  New	
  England,	
  invasives	
  shiTed	
  flowering	
  7mes	
  
to	
  match	
  climate	
  faster	
  than	
  na7ves	
  
– Now	
  flowering	
  11	
  days	
  earlier	
  than	
  na7ves	
  

Willis et al. 2010, PLoS ONE



Invasives	
  are	
  oTen	
  more	
  climate-­‐tolerant	
  
than	
  non-­‐invasives	
  

•  In	
  some	
  families,	
  invasives	
  span	
  greater	
  
la7tudes	
  in	
  na7ve	
  ranges	
  (Rejmánek	
  1995)	
  

Probability of plant species 
being invasive increases 
with breadth of native range

(Goodwin et al. 1999)



Invasives	
  are	
  oTen	
  more	
  climate-­‐
tolerant	
  than	
  non-­‐invasives	
  	
  

•  Disrup7on	
  of	
  mutualis7c	
  rela7onships	
  
–  Invasive	
  plant	
  species	
  unlikely	
  to	
  need	
  
specialist	
  pollinators	
  



Ok,	
  but…	
  Give	
  us	
  specific	
  predic7ons!	
  

•  How	
  will	
  ranges	
  shiT?	
  
– Some	
  invasives	
  might	
  be	
  expected	
  to	
  benefit	
  
as	
  suitable	
  area	
  increases	
  

– Poten7al	
  ranges	
  of	
  other	
  invasives	
  might	
  
contract	
  

•  One	
  tool	
  for	
  predic7ng	
  range	
  shiTs:	
  	
  "niche-­‐
based"	
  or	
  “species	
  distribu7on"	
  models	
  



Suitable	
  climate	
  for	
  yellow	
  starthistle	
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  al.	
  2009	
  GCB	
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Drawbacks	
  of	
  niche-­‐based	
  models	
  

•  OTen	
  ignore	
  soil	
  type	
  (plants)	
  
•  Too	
  coarse	
  in	
  spa7al	
  scale;	
  omit	
  topography,	
  
microclimates	
  

•  Ignore	
  effects	
  of	
  CO2,	
  etc.	
  (plants)	
  
•  Compe77on	
  not	
  explicitly	
  in	
  models	
  
•  Biocontrol	
  ranges	
  not	
  in	
  models	
  



But	
  niche-­‐based	
  models	
  have	
  many	
  
advantages!	
  	
  So…	
  

•  Can	
  we	
  bring	
  together	
  modelers	
  and	
  
experimentalists	
  to	
  improve	
  them?	
  

•  Can	
  we	
  improve	
  them	
  by	
  collec7ng	
  more	
  
detailed,	
  widespread,	
  and	
  standardized	
  
data	
  on	
  invasive	
  species'	
  ranges?	
  



How	
  well	
  prepared	
  are	
  we	
  for	
  new	
  
invasion	
  threats?	
  



New work: Future invasion threats 

Early et al. 
Nature Comm. 
2016
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Readiness: Are countries prepared? 

Based on 2014 reports to the (UN) Convention on Biological Diversity
Early et al. Nature Comm. 2016



Threat vs. readiness 

Early et al. Nature Comm. 2016



Can’t get enough on invasive 
species and global change? 

•  Two books with Lew Ziska (2011, 2014) 
 



Thank	
  you!	
  

jsdukes@purdue.edu 
@DukesJeff 




