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Abundance 
Crisis

20-30%

30-40%

40-60%

60-80%

Laliberte and Ripple 2004, 
Bar-On et al. 2018

North American Mammals

% Contractions                                                           % Expansion over  40 years (1959-2002) 



Wetland Birds Up
Thanks to Adaptive Harvest  

Management and 
billions $ on wetland 

protection and restorationAbundance crisis

IPBES 2019
Rosenburg et al 2019

Native Species
Biomass down 20%/1900

Amphibians
30% now T&E

Butterflies
Abundance down 35%/40yr

NA Birds
Abundance down 29% 

or 3 Billion birds since 1970

IPBES 2018 , Rosenberg et al 2018



Nature is Dynamic

Fei et al. 2017, FIA

Upslope
36 ft decade

Northward
11 mi / decade86 Tree Species 

N – 10 mi /decade
W – 11 mi /decade

Median residence times range from 
200-700 years (overall 500 years) 
and are  shorter during times of 
warming      McGuire et al. in prep

Chen et al. 2015, Science



23% of area
44% secured

Conserve 
another 25% 
by 2050

Conserve a network of resilient sites and connecting corridors that will sustain North 
America's natural diversity by allowing species to adapt to climate impacts and thrive.

Conserve Resilient Land and Water

TNC: protect and 
additional 4 
million acres by 
2025

TNC: Conserve 4 M 
more acres by 2025 

How do we 
sustain the 

natural 
diversity of 

North 
America?



Key Ingredients

Resilient Sites 
Land with many connected microclimates
representing all physical environments

Connected Landscapes
A connected landscape that allows 
movement and facilitates range shifts

Resilient Biodiversity
Intact habitats, unique communities and 
rare species populations



Conserving Nature’s 
Stage

Geology class
Limestone
Latitude
Elevation                 

1.

2.

3.

4.

5.

6.

7.

Representative Land
Biological diversity is highly 
correlated with Land Properties
(Geology, Soil, Elevation, 
Topography, Hydrology)



Hot/Dry

Moderate/Moist

Warm/MesicWet Accumulating

8 types in the ~
100 acre circle shown

10-150 C Difference in 
Temperature  

N

10-20 % Difference
in Soil Moisture

Climate Resilience:         Microclimates



Climate Resilience:         Microclimates



Climate Resilience:
Local Connectedness

Category             Weight
Developed
-Low intensity 8
-Mid intensity 9
-High intensity 20
-Mine 9

Roads/Linear
-Major 20
-Minor 10
-Unpaved +1
-Transmission 9
-Pipelines 9
-Railroads 9

Agriculture
-Corn/Soy 9
-Other Ag 7
-Hay Pasture 3
-Forestry (indust.) 4

Energy
-Oil & Gas 7+
-Wind +1
-Solar

Natural                Weight
All Vegetation Types  1 
Barrens 1
Water (by size) 1-3*



Vermont: Local Connectedness

Relative to 
Ecoregion
and 
Geophysical 
Setting



Vermont: Resilient Land
Site Resilience by Ecoregion 

Site 
Resilience

Landscape Diversity

Local Connectedness



Granitic

Limestone

Ultra-Mafic

Mod
Calcareous

Sedimentary

Sand

Clay



Acidic Sedimentary/ Calcareous:  
Equinox Highlands 



Resilient Land Map 

Green = Land with the most microclimates in a connected landscape 
relative to their ecoregion and setting



Climate Flow
The Gradual Movement of Populations in Response to Climate Change

The gradual movement of populations across the landscape in response to climate change 
Current Rates: 11 mile per decade North 36 feet per decade Upslope 

Lawler et al 
2015.
Animation  
thanks to Dan 
Majka



Thanks to  
Brad McRae

Resistance 
Grid

Based on same 
Resistance Grid as 
Local Connectedness

Climate 
Flow 

(wall to wall Circuitscape)  



Blue     = high flow

Brown = low flow

Where does flow 
get channeled into 

pinch points?

Upslope

Northward

Riparian

Climate Flow 
Vermont



Resilient Ecosystems

Intact Habitats
Rare Species Populations
Unique Communities 



Biodiversity Assessments

Largely Based on Natural 
Heritage Element 
Occurrence Data



Assumption #1 

Geophysical features underlie 

the spatial distribution of 

biodiversity and a region’s 

biological richness is due, in 

part, to this geophysical 

diversity.
BLM Rapid 
Assessments

State Wildlife Action Plans (SWAP): 
Conservation Opportunity Areas

Biodiversity Assessments  

Subset
- resilient 
- high flow



Recognized Conservation Value
(Places with confirmed diversity or critical habitat TNC Ecoregional Plans, SWAPs, NHP)



Resilient and Connected Network 

33 % of Land Area Resilient examples of all 
environments

Over 250,000 occurrences of intact 
habitats, rare species, unique communities

Arranged for maximum climate flow

44% Secured

Global Deal for Nature: 30 by 30 
30% of each Ecoregion by 2030

Convention on Biological Diversity (Target 2) By 2030  well-connected and effective systems of 
protected areas covering at least 30% of the planet, focus on biodiversity



Resilient and Connected Network 



Photo credits clockwise from top middle: © Nick Hall; © Cameron Davidson; © Roland Taylor/TNC Photo Contest 2019 ; © Bridget Besaw; © Byron Jorjorian

Benefits for People and Nature

23%



Soil Carbon: 
Guevara et al. 2020

Forest Ecosystem Carbon
Williams et al.2020

Tons / Acre

Forest Ecosystem Carbon in RCN

56% of all Forest Carbon

Soil Carbon in RCN: 

47% of all Soil Carbon

Tons / Acre
= 1– 28 
= 28-75
= 75-160
= 160-292 

Carbon
RCN = 33 B Tons 

RCN
76%
50%
54%
84%
56%

45B
Tons

25B
Tons

31B
Tons

14B
Tons

RCN
31%
32%
38%
46%
55%
55%
71%
47%



Andrew Bowman (CEO of 
LTA) challenging the land 
trust community to 
greatly increase the pace 
and scale of conservation 
in the US

Land Trusts: Over 100 are using the data for decision making 
Agencies: Majority of Eastern SWAPS, Many Federal Adopters
Funders: 37 million from Doris Duke Charitable Foundation
TNC: Division Protection Plans, USGR

COLLABORATION   



Definition of Conservation  

Permanent Protected Lands
Gap 1: 
GAP 2: 

Permanent Multiple Use Lands
GAP 3 : 
Well managed public lands and easements

Sustainably Managed Private Lands



- A crossroads of connectivity

- A diverse physical landscape

- Largest concentration resilient limestone in East

- A center of terrestrial resilience

- A terrific state plan that reinforces and complements   
TNC network

- Relatively intact forest storing huge amounts of carbon

- A community that values nature

Vermont has it all  


