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Can we achieve restoration goals for  
eastern dry forests with invasives and climate change? 



. . . or will it be too difficult? 



1. Novelty 
 

a. Management legacies: changing the game 
b. Climate trends and futures: changing the rules 
c. Invasive exotics: changing the cards in our hand 

 

2. Integrating multiple stressors 
 

a. How do stressors work together? 
b. Individual vs. combined effects 
 

3. Broad-scale integrative solutions 
 

a. A framework 
b. A local example with potential management options 
c. Summary 

Outline 



Holmes, John Simcox, 1911. Forest Conditions in Western North 
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1. Novelty 
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1. Novelty 
Management legacies: A dry-forest disturbance in a mesic forest type (Holmes 1911) 



FRG I:   Frequent, generally low severity 
FRG II:  Frequent, high severity 
FRG III: Moderately frequent, low and mixed severity 
FRG IV: Moderately frequent, high severity 
FRG V:  Infrequent, any severity 

1. Novelty 
Management legacies: Historical fire regime groups of existing natural vegetation (LANDFIRE) 



1. Novelty 
Management legacies: Historical versus present-day fire regimes 

Without characteristic fire,  
structural and compositional changes  

contribute to forest mesophication:  
is this more fragile with climate change? 



Slope 

1. Novelty 
Climate trends and futures: Climate Division trends for the conterminous US 

Slope of growing season (mean Apr-Sep)  
Palmer Modified Drought Index, 1895-2013 

Source: ftp://ftp.ncdc.noaa.gov/pub/data/cirs/ 



Slope 

1. Novelty 
Climate trends and futures: NCDC Climate Division trends for the conterminous US 

Slope of growing season (mean Apr-Sep)  
Palmer Modified Drought Index, 1895-2013 

Source: ftp://ftp.ncdc.noaa.gov/pub/data/cirs/ 
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Source: http://www.geobabble.org/~hnw/global/treeranges5/climate_change 

1. Novelty 
Predicting regional species stress from climate change: The FORECASTS PROJECT 

Red Maple 

Yellow Buckeye 

Yellow Birch 
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1. Novelty 
Predicting regional species stress from climate change: The FORECASTS PROJECT 

White Oak 

Northern Red Oak 

Pitch Pine 

Table Mouontain Pine 
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Source: http://www.geobabble.org/~hnw/global/treeranges5/climate_change 



1. Novelty 
Invasive exotics: not all exotics are bad, but some are really bad! 

Linville Gorge, July 2014: Photo by SP Norman USFS 



1. Novelty 
Hypothetical linkages with invasives and climate change 
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“transitional” 
or “stable” 

? “stable” 
“stable” 

How can we 
stabilize this state 

from further 
invasives and 

climate stress? 



1. Novelty 
Invasive exotics and resiliency  

Guo and Norman 2013 
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Hypothetical impact of natives and  
“empty-niche-filling exotics” on stability 
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Some exotics 
don’t displace 

existing species, 
but may reduce 

invasibility. 

Native communities 
often harbor  

“empty niches”. 

Is this the 
best case  
scenario? 



1. Novelty 
Invasive exotics and resiliency  
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through direct 
competition. 
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1. Novelty 
Invasive exotics and resiliency  
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Facilitated 
“meltdown” 
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Invasives can 
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2. Integrating multiple stressors 
How do stressors work together? 

A conceptual model showing direct and indirect influences 
of invasives and climate change on community outcome 

Fire frequency, 
intensity, season 

Long-term 
community 

outcome 

Exotic  
species 

Climate 
(change) Mechanical 

treatments 

Other 
factors 

Other 
factors 

+/- +/- 
+/- +/- 
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2. Integrating multiple stressors 
Individual vs. combined effects 
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Invasive dominance 
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2. Integrating multiple stressors 
Individual vs. combined effects 
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2. Integrating multiple stressors 
Individual vs. combined effects 
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2. Integrating multiple stressors 
Interactive effects can have varying degrees and types of independence and synergy 



LOW                                                                             HIGH 
Invasive dominance 

C
lim

at
e 

ch
an

ge
 

C
lim

at
e 

va
ri

at
io

n
 

SIMPLE 
RESTORATION 

EFFORTS 
NEEDED 

RECONSIDER 
RESTORATION 

GOALS 

INTENSIVE 
RESTORATION 

EFFORTS 
NEEDED 

Restoration- 
inhibiting 

composition 

Restoration- 
facilitating 

composition 

Restoration- 
facilitating 

climate 

Restoration- 
inhibiting 
climate 

3. Broad scale integrative solutions 
A framework for dealing with multiple stressors 



Moisture indices show relative stress 

3. Broad scale integrative solutions 
A local example 

Mt. Mitchell 

Linville 
Gorge 



Spruce-fir is mesic 

3. Broad scale integrative solutions 
A local example 



Known (dead) hemlock sites are largely mesic 

3. Broad scale integrative solutions 
A local example 



Invasives are likely less common in NN-N 810m Land Pattern Types 

3. Broad scale integrative solutions 
A local example 



Wildfire prone areas can be invasive hotspots 

3. Broad scale integrative solutions 
A local example 



3. Broad scale integrative solutions 
A local example with some potential landscape-tailored options 

OPTION 2: Replace wildfire with lower 
intensity prescribed fire to reduce invasive 
spread; prioritize and monitor existing 
invasives for eradication or control. 

OPTION 4: Resist invasive introductions on 
remote xeric to sub-xeric sites; use prescribed 
fire to sustain existing dry forest conditions as 
needed. Monitor for invasive prevention and 
community resistance. 

OPTION 3: Resist erosion of refugial mesic 
habitats for species loss, fire or climate stress; 
prevent invasive introductions despite novel 
changes (e.g., adelgid mortality, range-changes). 

OPTION 5: Adapt to warmer-dryer climates on sites of 
moderate moisture where opportunities arise (e.g., loss 
of hemlock, wildfire) without increasing habitat for 
problematic invasives; monitor for directional change. 

OPTION 1: Cooperatively target problematic 
invasives on all lands. Aggressively prevent 
wildfire to slow invasive spread across 
ownerships; monitor for cooperation.  



1. Restoration of dry forest structure and composition may increase 
resilience with climate change, but it may also escalate problems 
with invasive species. 
 

2. When hazards are integrated, the strongest management 
options may change across the landscape, particularly with very 
long-term planning horizons. 
 

3. We may not need to achieve or monitor the same type of things 
to be successful. 

3. Broad scale integrative solutions 
Summary thoughts 


