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About Me

Teaching:

• Quantitative Ecology: Application of statistical 
modeling to ecological problems

• Geographic Information Systems and Spatial 
Statistics: Understanding ecological problems 
in a spatial context

Current Research Projects

• UMass Cranberry Bog: Late water treatment –
alternative to herbicide/pesticide application

• Spatial patterns of tree damage in Tampa FL 
during hurricane Irma

Invasion Ecology

• Northeast Regional Invasive Species and 
Climate Change Network (RISCC)



Chat your thoughts:

What do you think is an example of a major 
pathway of invasive species introduction?

Bonus if you can identify the invasive species 
in the photos!

theroanokestar.comevergladescisma.org

lewisginter.org

https://theroanokestar.com/2021/01/20/va-tech-researchers-propose-elegant-solution-to-asian-carp-invasion-eat-them/
https://www.evergladescisma.org/the-dirty-dozen/burmese-python/
https://www.lewisginter.org/nandina/


Invasive 
species are 
bad enough

Asian Carp (Image from Mississippi State University Extension)

Kudzu (texasinvasives.org)

http://extension.msstate.edu/news/feature-story/2015/invasive-asian-carp-pose-double-threat
https://www.texasinvasives.org/observations/detail.php?site_id=8386


Now we 
need to 
add 
climate 
change?

 
  

 
  
 
  
  
  
 
 
  
 
 
 



BACKGROUND

L  ’  all g    n      a    ag !



What is 
an 

invasive 
species?

'Invasive species' means, with regard 
to a particular ecosystem, a non-
native organism whose introduction 
causes or is likely to cause economic 
or environmental harm, or harm to 
human, animal, or plant health.

(Executive order 13112)



Global 
Change 
Components

• Increased CO2

• Increased 
temperature

• Increased variability 
and extreme events

• Altered phenology



Global 
Change

Plants will 
respond to all 
aspects of 
global change

Figure S3 from Liu et al 2017



Global 
Change

But invasive 
plants may 
respond even 
more favorably 
than non-
invasives.

Figure 1 from Liu et al, 2017



Climate 
Change and 
Disturbance: 
Multiple 
Feedbacks

Fig. 1 – Franklin et al. 2016

Fig. 1 – Field et al. 207

Global change 
       l  a  d…



Outline of topics
1. Rising temperature favors invasives

2. Climate change and range shifts

3. Climate variability creates disturbance

4. Plant response to rising CO2

5. Management

Figure 1 in Bradley et al, 2010



Warming 
temperatures & 
longer growing 

seasons are 
‘virtually 

certain’  IP  , 
2013)

1. Rising temperature favors invasives

https://www.weather.gov/twitter



Warming favors greater quantity and 
variety of forest pests

Most insect pests are 
ectotherms, relying on 
the environment for 
heat

Warmer temperatures 
increase populations of 
defoliating insects and 
bark beetles

1. Rising temperature favors invasives

As the buds begin to open, winter moth caterpillars become free-
feeders (feeding on expanding foliage and moving about from leaf 
to leaf). Note the penny at the bottom of the photograph that 
provides a scale for size. (Photo: R. Childs).  UMass Extension

https://ag.umass.edu/landscape/fact-sheets/winter-moth-identification-management


Mountain Pine Beetle kill – July 2009, Wyoming

1961-1990

2071-2100

Probability of over-wintering

Figures from 
Bentz et al. 2010

Forest pests have longer/more life cycles with warming

1. Rising temperature favors invasives



Meta-analysis of experimental studies: 
Rising temperatures favor invasive plants

Figure 1 from Liu et al. 2017
Effect Size

1. Rising temperature favors invasives



Why? Priority Effects 
(The early bird catches the worm)

Japanese barberry (B. thunbergii)

1. Rising temperature favors invasives

Adapted from figure 1 from Wolkovich & Cleland, 2011

Invasive Native

Growing Season

Invasives bloom earlier

Figure 2 in W & C 2011



Priority Effects

Growing Season
Adapted from figure 1 from Wolkovich & Cleland, 2011

Invasive Native

1. Rising temperature favors invasives

• A potentially risky 
bet-hedging strategy

• Global warming may 
make it less risky!

• Payoff is a vacant 
niche

• Plasticity and rapid 
evolution can help 
invasives with priority 
effects

Invasive

Native

Wolkovich & Cleland, 2011: Figure 2



Warming can alter phenology, 
advantaging rapid-adapters, or species 

with high plasticity

Willis et al., 2010a, b

1. Rising temperature favors invasives



Native v. Non-Native

Native v. Invasive

Timing of invasive plant green-up and 
germination is more responsive to 

temperature

Willis et al., 2010

Temperature-responsive invasives are increasing in 
abundance

1. Rising temperature favors invasives



1. Rising temperature favors invasives



Take home points:

• Invasives take advantage of longer growing 
seasons by emerging early, or taking advantage 
of times that native plants are dormant.

• Direct temperature effects on invasive plant 
growth: biochemical processes usually happen 
faster at higher temperatures.

1. Rising temperature favors invasives



Climate change is happening fast.
Favors fast dispersing species

2. Climate change and range shifts

The Northeast is 
getting warmer!



How fast are native species moving?

2. Climate change and range shifts

1964 to 2004: Measured forest 
composition in the Green Mountains

Northern hardwoods expanded 
upwards in elevation

Boreal forest contracted from lower 
elevation

Shifts in forest compositionMovement =  ~ 600 ft
upwards over 40 years

How fast?  Not fast enough
Beckage et al. 2008



In   ad, w ’   g v ng n n-native and 
invasive species a head start via 

human-mediated dispersal

2. Climate change and range shifts

VS.



Range Shift Listing Tool: 

https://www.eddmaps.org/rangeshiftlisting/

In collaboration with

Project funded by the Northeastern IPM Center 
through Grant #2014-70006-22484 from the 

National Institute of Food and Agriculture, Crop 
Protection and Pest Management, Regional 

Coordination Program. 

Work led by Jenica Allen

https://www.eddmaps.org/rangeshiftlisting/
https://www.eddmaps.org/rangeshiftlisting/


Prioritizing state watch lists

2. Climate change and range shifts

Which species have the 
highest impacts?

Which species are likely 
to invade ecosystems in 
your region?



Take home point:

• Invasive species ranges are shifting – but, 
we have a chance to get ahead of some of 
them.

2. Climate change and range shifts

Ludwigia grandiflora



Climate change increases 
disturbance

3. Climate variability creates disturbance

Kossin et al. 2007
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Extreme heat/drought also causes 
disturbance to native ecosystems

Western US:

Forest die-off linked to 
drought

Eastern US:

Tree mortality tied to 
severe winter + hot 
summer

3. Climate variability creates disturbance

Allen et al. 2010



Invasive species thrive with increased 
disturbance

3. Climate variability creates disturbance

Eschtruth & Battles, 2009
Kudzu invasion at disturbed forest edge. 

Source: Wikimedia



Small disturbances create invasibility windows

3. Climate variability creates disturbance

Propagule pressure, 
coupled with 
ephemeral forest 
canopy disturbance = 
big opportunity for 
invasives

Eschtruth and Battles 2014

Gypsy moth 
outbreak (2006)



Invasibility windows = persistent increase 
in invasives

3. Climate variability creates disturbance

Eschtruth and Battles 2014

Gypsy moth 
outbreak (2006)

“ l   ug  f       
appear to recover 
quickly after 
ephemeral 
disturbances, these 
perturbations may 
have long-term 
   a   ”



Take home point:

• Climate extremes create novel disturbance, 
harming native ecosystems and providing an 
opening for invasives

3. Climate variability creates disturbance

New Jersey Forest after Hurricane Sandy



PLANT RESPONSES TO CO2

4. Plant response to rising CO2

Sellers et al. Figure 1



Increased 
CO2

• CO2 levels are rising at 
an accelerating rate.

• Plants with the C3 
pathway are currently 
CO2 limited (Ziska et al. 
2004)

– These are 96% of 
all plants
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4. Plant response to rising CO2

Atmospheric CO2 levels are rising



4. Plant response to rising CO2

Plan   d  “b     ” w      g      2

Instagram/Twitter

The answer is not 
       l …

There is abundant 
misinformation or 
misleading 
information

https://twitter.com/johnfocook/status/1268530886301102080?lang=en


Plants do 
better with 
higher CO2

4. Plant response to rising CO2

Woody species have 
bigger gains in biomass
accumulation

Figure 1 DeGraff et al 2004



Plants do better with higher CO2

Variation by group: photosynthetic rate

4. Plant response to rising CO2

Figure 3 in Ainsworth and Long 2004



Change to average plant

18% more flowers

19% more fruits

25% greater seed mass

Big variation by species, study, and functional group

Average increased growth

Trees: +50%

Crops: +35%

Shrubs: +20%

Flowering herbs: +15%

Plants do better with higher CO2

4. Plant response to rising CO2



• Comparative studies of invasive and native plants 
with rising CO2 show that invasives perform better

4. Plant response to rising CO2

Invasive plants do better still

Liu et al. 2017

Terrestrial invasive 
plants perform better 
than native plants with 
elevated CO2

Effect Size



• Comparative studies of invasive and native plants 
with rising CO2 show that invasives perform better

• Also, bigger & more roots = harder to kill

4. Plant response to rising CO2

Invasive plants do better still

Ambient CO2 Future CO2

Canada thistle Ziska et al. 2004



• Increased biomass in 
Canada thistle with 
higher atmospheric 
CO2.  Root biomass 
more than doubled.

• Canada thistle can 
spread via root 
fragments.

• Could become a 
worse agricultural 
weed under increased 
CO2.
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4. Plant response to rising CO2



Take home points:

• All plants do better with 
higher CO2, but relative 
improvements matter.

• Watch out for hardier 
invasives.

4. Plant response to rising CO2



Recap

• Invasives emerge earlier, have longer/more life 
cycles, and are more competitive with warming 
temperatures.

• Invasive species ranges are shifting – but, we 
have a chance to get ahead of some of them.

• Climate extremes create novel disturbance, which 
favors invasives.

• Invasive plants have a growth advantage with 
higher atmospheric CO2.



Management Opportunities

• Phenology-based approaches

• Assisted migration

5. Management Implications and Opportunities



Phenology

• Budbreak/senescence are vulnerable times

• Times when invasives are active, but non-
invasives are dormant or not actively growing 
are great opportunities for creative 
management.

5. Management Implications and Opportunities



5. Management Implications and Opportunities
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Solution?  Assisted Migration

• The intentional 
introduction of species 
outside of their historic 
ranges into more 
climatically favorable 
regions

5. Management Implications and Opportunities



Assisted migration could refer to 
several different strategies

• Introducing warm-adapted 
populations to northern range margins

5. Management Implications and Opportunities



Within range shifts – gardens as 
‘      ng   n  ’

5. Management Implications and Opportunities



Within range shifts – gardens as 
‘      ng   n  ’

https://www.risccnetwork.org/

management-challenges

5. Management Implications and Opportunities



We have the 
opportunity to have 

beautiful, climate 
resilient gardens that 
support biodiversity. 

5. Management Implications and Opportunities



Download a 
Cheat Sheet!

risccnetwork.org

5. Management Implications and Opportunities



Assisted Migration is Controversial!

5. Management Implications and Opportunities



W ’   al  ady d  ng a      d   g a   n 
with nursery plants. But, most nursery 

plants are non-native.

5. Management Implications and Opportunities



Non-native plants are more likely to be invasive 
than native plants

Simberloff et al. 2012

5. Management Implications and Opportunities



TRANSLATIONAL 
ECOLOGY AND RISCC



Translational 
Ecology

• Enquist et al. 2017, Frontiers in Ecology & Environment



Mission Statement:

The Northeast Regional Invasive Species & Climate Change (RISCC) 

Management Network aims to reduce the compounding effects of invasive 

species and climate change by synthesizing relevant science, 

communicating the needs of managers to researchers, building stronger 

scientist-manager communities, and conducting priority research.



Translational Ecology:

Actionable Science

Translational ecology (TE) is an approach in which 
ecologists, stakeholders, and decision makers work 

together to develop research that addresses the 
sociological, ecological, and political contexts of an 

environmental problem
Frontiers in Ecology and the Environment, Volume: 15, Issue: 10, Pages: 541-

550, First published: 01 December 2017, DOI: (10.1002/fee.1733) 



Leadership Team

We support a network 

of ~ 450 invasive 

species managers



So… What do we do at RISCC?



Translational 

Invasion 

Ecology

At RISCC, we apply 

principles of TE to the 

twin challenges of 

Invasive Species (IS) and 

Climate Change (CC) 
Morelli et al In Review 



Our survey revealed 
that a lack of 
information, or 
access to 
information, is a key 
barrier to including 
climate change in 
management 
actions.

RISCC helps make 
information 
accessible and 
available to land 
managers.

Science synthesis can help 

here

Beaury et al. 2020

Synthesize The Science!



Synthesize The Science!



Share Knowledge and Needs



Share Knowledge and Needs



Build Community



Priority Research

Our research priorities 

include:

• Resilient Communities

• Range Shifting Species

• Biocontrol Efficacy

Work led by Jenica Allen

https://www.eddmaps.org/rangeshiftlisting/

https://www.eddmaps.org/rangeshiftlisting/


Priority Research: 

Range Shifting Plants



Interested?

Have a seat at 

our table!

Join us at:

risccnetwork.org

https://www.risccnetwork.org/
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