
Considering Landscape Resilience
TNC’s Resilient and Connected Network

Matt Dallman
Forestry for Birds in a Changing Climate

October 18th, 2023
10:00-10:20

©C. Porter



Conservation Planning



Conservation Planning with Climate Change
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“Geodiversity…. drives patterns of biodiversity.”
—Mark Anderson, The Nature Conservancy, Eastern Division

King & Beikman 1974



Concept 1 
The Stages

Conserving Nature’s Stage: Resilience



Concept 2 
Niches

Conserving Nature’s Stage: Resilience



Concept 3
Local Connectivity

Conserving Nature’s Stage: Resilience
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Concept 4
Regional Connectivity

Conserving Nature’s Stage: Resilient & Connected Network



Conserving Nature’s Stage: Resilient & Connected Network

Concept 5
Recognized Biodiversity
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How is it being used?

• Inform land-acquisition and 
management decisions

• State and federal agencies, land 
trusts, some foundations and 
other funding sources



How can I access the data?
https://www.maps.tnc.org/resilientland/ 
Key words: resilient connected network
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Caroline Lake: 
Adaptation Demonstration

1,100 acres of working forest 
– Owned by TNC since 1997
– Commitment to working 

forest conservation

Management Goal
Maintain and enhance biodiversity, 
water quality and ecological integrity 
through long-team sustainable 
management



Caroline Lake: 
Adaptation Demonstration

• Initially, management was 
focused on restoration to 
historic conditions

• Robust inventory was 
developed to provide a 
starting point



Climate-Informed Metrics

Stand Inventory Needed New Risk Metrics

• Total Stocking (1)

• Tree Species Diversity
– Richness (2)

– Evenness (3)

• Large Coarse Woody Debris
(4)

• Regeneration
– Saplings (5)

– Seedlings (6)

• Risk of Decline
– Trees (7)

– Saplings (8)

– Seedlings (9)



Leveraging Forest Inventory Data

How can we better use forest inventory data to tell us:

1) Are forests at risk from climate change?

2) Are management actions reducing risk?



Species
Basal 
Area

Stems 
Per Acre

Freq. 
(%)

Proportion 
of Stand 

(IV %)

Future: 
Current 
Habitat Change Class

 At-risk 
Proportion 

of Stand (%)

Future: 
Current 
Habitat Change Class

 At-risk 
Proportion 

of Stand (%)
Sugar maple 79.0 117.1 100.0 40.8 0.8 No Change 0.0 0.3 Large Decrease 40.8
White ash 33.1 30.7 96.2 17.9 1.6 Increase 0.0 1.9 Increase 0.0
American basswood 18.5 23.7 73.1 12.3 1.1 No Change 0.0 1.4 Increase 0.0
Yellow birch 7.7 12.4 53.8 7.0 0.8 Decrease 7.0 0.2 Large Decrease 7.0
Bigtooth aspen 10.0 16.1 15.4 5.5 1.0 No Change 0.0 0.4 Large Decrease 5.5
Red maple 4.2 8.6 42.3 5.0 1.0 No Change 0.0 0.6 Decrease 5.0
Northern red oak 1.5 0.7 42.3 3.2 1.3 Increase 0.0 1.1 No Change 0.0
American elm 0.4 0.4 34.6 2.4 2.3 Increase 0.0 3.2 Large Increase 0.0
Paper birch 1.9 5.3 11.5 2.0 0.7 Decrease 2.0 0.2 Large Decrease 2.0
Black ash 1.5 2.6 7.7 1.2 0.7 Decrease 1.2 0.6 Decrease 1.2
Black cherry 0.4 0.2 15.4 1.1 2.4 Large Increase 0.0 1.4 Increase 0.0
Eastern hemlock 1.2 1.9 3.8 0.8 1.2 Increase 0.0 0.4 Large Decrease 0.8
Quaking aspen 0.8 0.6 7.7 0.8 0.6 Decrease 0.8 0.2 Large Decrease 0.8
Total 160.2 220.3 100.0 Proportion at-risk: 11.0 Proportion at-risk: 63.0

Risk Metrics
Northern Hardwood Stand:

Low (PCM B1) High (GFDL A1F1)
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https://forestadaptation.org/learn/resource-finder/tree-species-projections-ecological-
sections-northern-wisconsin



Established Regen and Overstory under High Emission

Established RegenOverstory



Adaptation Strategies at Caroline Lake
Strategy 1: Sustain fundamental ecological functions

1.1 Reduce impacts to soils and nutrient cycling
1.3 Maintain or restore riparian areas

Strategy 2: Reduce the impact of biological stressors
2.2 Prevent the introduction and establishment of invasive plant species and remove 

existing invasive species

Strategy 4: Maintain or create refugia
4.2 Prioritize and maintain sensitive or at-risk species or communities

Strategy 5: Maintain and enhance species and structural diversity
5.1 Promote diverse age classes
5.2 Maintain and restore diversity of native species
5.3 Retain biological legacies
5.4 Establish reserves to maintain ecosystem diversity

Strategy 6: Increase ecosystem redundancy across the landscape
6.2 Expand the boundaries of reserves to increase diversity

Strategy 9: Facilitate community adjustments through species transitions.
9.1 Favor or restore native species that are expected to be adapted to future 

conditions



Strategies Applied at Caroline Lake…

Stand Type Acres Initial Management Adaptation Actions

Northern 
Hardwoods

643 Single-tree or group 
selection

• Single-tree with additional use of 
targeted gaps to maintain or enhance 
species diversity and age classes

• Use large group selection or shelter 
wood harvests to increase n. red oak 
where regen is present

• Where opportunity exists – promote 
white pine, black cherry, red oak

• Reserve high-quality pockets of 
hemlock to serve as a refugia for that 
species



Lessons Learned at Caroline Lake
– Maintain or increase species diversity – consider 

climate adapted species
– Begin by taking small steps 
– A thoughtful and steady change in management 

practices over time will help create lasting 
resiliency 

– Monitor and eliminate invasive species
– Work and learn from/with others – share findings
– Be creative and flexible - ADAPT



Questions
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Strategies 1-5 



Strategies 6 - 9



Strategy 1: Sustain fundamental ecological functions
1.1 Reduce impacts to soils and nutrient cycling
1.2 Maintain or restore hydrology
1.3 Maintain or restore riparian areas
1.4 Reduce competition for moisture, nutrients, and light
1.5 Restore or maintain fire in fire-adapted ecosystems

Strategy 2: Reduce the impact of biological stressors
2.1 Maintain or improve the ability of forests to resist pests and pathogens
2.2 Prevent the introduction and establishment of invasive plant species and remove existing invasive species
2.3 Manage herbivory to promote regeneration of desired species

Strategy 3: Reduce the risk and long-term impacts of severe disturbances
3.1 Alter forest structure or composition to reduce risk or severity of wildfire
3.2 Establish fuelbreaks to slow the spread of catastrophic fire
3.3 Alter forest structure to reduce severity or extent of wind and ice damage
3.4 Promptly revegetate sites after disturbance

Strategy 4: Maintain or create refugia
4.1 Prioritize and maintain unique sites
4.2 Prioritize and maintain sensitive or at-risk species or communities
4.3 Establish artificial reserves for at-risk and displaced species

Strategy 5: Maintain and enhance species and structural diversity
5.1 Promote diverse age classes
5.2 Maintain and restore diversity of native species
5.3 Retain biological legacies
5.4 Establish reserves to maintain ecosystem diversity

Menu of Adaptation Strategies and Approaches



Menu of Adaptation Strategies and Approaches

Strategy 6: Increase ecosystem redundancy across the landscape
6.1 Manage habitats over a range of sites and conditions
6.2 Expand the boundaries of reserves to increase diversity

Strategy 7: Promote landscape connectivity
7.1 Reduce landscape fragmentation
7.2 Maintain and create habitat corridors through reforestation or restoration

Strategy 8: Maintain and enhance genetic diversity
8.1 Use seeds, germplasm, and other genetic material from across a greater geographic range
8. 2 Favor existing genotypes that are better adapted to future conditions

Strategy 9: Facilitate community adjustments through species transitions.
9.1 Favor or restore native species that are expected to be adapted to future conditions
9.2 Establish or encourage new mixes of native species
9.3 Guide changes in species composition at early stages of stand development
9.4 Protect future-adapted seedlings and saplings
9.5 Disfavor species that are distinctly maladapted
9.6 Manage for species and genotypes with wide moisture and temperature tolerances
9.7 Introduce species that are expected to be adapted to future conditions
9.8 Move at-risk species to locations that are expected to provide habitat

Strategy 10: Realign ecosystems after disturbance
10.1 Promptly revegetate sites after disturbance
10.2 Allow for areas of natural regeneration to test for future-adapted species
10.3 Realign significantly disrupted ecosystems to meet expected future conditions



Inventory Needs 

Inventory 
Metric

Typical* forest 
inventory?

Normally would be 
used to…

In the context of climate 
change…

Tree Species 
Richness
Tree Species
Evenness

No:
Data collected, 
but often not
evaluated

Give an indication of 
stand- or forest-level 
diversity

Higher species evenness and 
richness may have greater 
adaptive capacity/ lower risk

Regeneration Sometimes, but 
often not

Show effectiveness of 
regen treatments; 
inform future actions

Regeneration may be most 
influenced by climate change; 
potential early indication of 
change or future issues



Strategies Applied at Caroline Lake…

Stand Type Acres Initial Management Adaptation Actions

Lowland
Hardwoods

78 No harvest – reserve 
area

• Diversify stands through thinning and 
group selection

• Monitor natural regeneration of 
desired species. If inadequate, 
consider experimental plantings of 
swamp white oak, bur oak, Am. elm 
as species that are not currently 
present on the site but may do well in 
the future
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