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MA Forested Cover



All Roads



1 pair per 1,660 acres

Home range: 6,400 – 38,000 acres
Density: 1 bear per 1,400 acres

Home range: 8,000 – 24,500 acres
Density: 1 bobcat per 3,200 acres



Protected Open Space







Index of Ecological Integrity (IEI)



Conductance
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Presenter Notes
Presentation Notes
The paths between each pair of cores are weighted by the path-cost and the size and quality of the cores, which gives us “conductance.”  Conductance is a measure of the connectivity between cores, dependent on the composition of each core.  Cores with a lot of wetlands will tend to have high conductance through wet areas connecting them to other cores, while mountainous cores will tend to have high conductance along ridge-tops.  



Cores & connectors

Presenter Notes
Presentation Notes
The stakeholders wanted something simpler than conductance to connect cores—they wanted binary corridors.  So we kept the best paths between each pair of cores and buffered them to get connectors.  Pairs of cores that have high conductance will have more connectors, while cores that are distant or poorly connected will have fewer connectors, or maybe none.



Critical Linkages
Nodes & Conductance
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ecoConnect:
Regional ecosystem connectivity

1. Truly regional for the northeastern U.S.
2. Ecosystem-based
3. Independent of defined conservation cores
4. Multiple scales



Assessments
• CAPS
• ecoConnect
• Critical Linkages
• TNC Resilient & Connected 

Landscapes
• Designing Sustainable 

Landscapes (DSL)

Plans
• BioMap
• TNC Resilient & Connected 

Network
• Connect the Connecticut
• Nature’s Network



DSL Data     https://umassdsl.org

Describe Assess Plan
Land Cover
Temperature / Precipitation
Substrate (Soils)
Physical disturbance
Moisture 
Hydrology 
Vegetation
Development
Barriers (Dams, Culverts)
(Many more)

Index of Ecological Integrity (4x)
Integrity Metrics (20x) 
ecoConnect  (4x)
Habitat – 32 species:
    2x current
    5x projected for 2040, 2080
Sprawl (urban growth)
   Probability of development
   Projected landcover
Impact
Critical Linkages

Connect the Connecticut
Natures Network
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Northeast Region
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Ovenbird LC
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http://connecttheconnecticut.org

http://naturesnetwork.org



Cores and connectors



Conservation Assessment & Prioritization System (CAPS)

…the long-term capability of the ecological community to 
sustain its composition, structure and function and thus 
also its resiliency to stress

Ecological Integrity

CAPS (the model)  produces the Index of Ecological Integrity (IEI) 

Presenter Notes
Presentation Notes
Mention Biomap 2 and 3, Connect the Connecticut, Natures Network



CAPS model

Metrics (20x)Environmental 
Settings (21x)

Index of Ecological Integrity

Presenter Notes
Presentation Notes
~60 biotic and abiotic setting variables. Static and dynamic.  Our view of the world (NER). Regionally available.
Change-climate change projections, urban growth model, disturbance succession model
Assess – 30 rep species LC models and several Ecological Integrity measures



CAPS model

Metrics (20x)Environmental 
Settings (21x)

Index of Ecological Integrity

Presenter Notes
Presentation Notes
~60 biotic and abiotic setting variables. Static and dynamic.  Our view of the world (NER). Regionally available.
Change-climate change projections, urban growth model, disturbance succession model
Assess – 30 rep species LC models and several Ecological Integrity measures



Temperature
Growing season degree-days
Minimum winter temperature

Heat Index 35
Stream temperature

Solar energy
Incident solar radiation

Chemical & physical substrate
Water salinity

Substrate mobility
CaCO3 content

Soil available water supply
Soil depth

Soil pH
Physical disturbance

Wind exposure
Slope

Moisture
Wetness

Hydrology
Flow gradient
Flow volume
Tidal regime

Vegetation
Dominant life form

Development
Developed

Hard development
Gibbs traffic rate

Impervious
Terrestrial barriers

Aquatic barriers

Settings variables

Traffic

Wetness



Landcover



Traffic  (setting)

Low

High



Wetness

Low

High



CAPS model

Metrics (20x) Environmental 
Settings (21x)

Index of Ecological Integrity

Presenter Notes
Presentation Notes
~60 biotic and abiotic setting variables. Static and dynamic.  Our view of the world (NER). Regionally available.
Change-climate change projections, urban growth model, disturbance succession model
Assess – 30 rep species LC models and several Ecological Integrity measures



Metric group Metric name 
Development and Roads Habitat loss

Watershed habitat loss
Road traffic
Mowing & plowing
Microclimate alterations

Pollution Watershed road salt
Watershed road sediment
Watershed nutrient enrichment

Biotic Alterations Domestic predators
Edge predators
Non-native invasive plants
Non-native invasive earthworms

Climate Climate stress 
Hydrologic Alterations Watershed imperviousness

Dam intensity
Sea level rise inundation

Coastal Metrics Tidal restrictions
Resiliency Similarity

Connectedness
Aquatic connectedness 

Index of Ecological Integrity

Integrity (IEI)

IntactnessResiliency

StressorsSimilarity

Connectedness
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Gaussian Time of flowResistant
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CAPS model

Metrics (20x) Environmental 
Settings (21x)

Index of Ecological Integrity

Presenter Notes
Presentation Notes
~60 biotic and abiotic setting variables. Static and dynamic.  Our view of the world (NER). Regionally available.
Change-climate change projections, urban growth model, disturbance succession model
Assess – 30 rep species LC models and several Ecological Integrity measures



Calculating IEI

Metrics (20)

Scaling
Region Ecoregion State Huc6



Ecological Integrity (IEI)

Low

High



Connectivity is important

Regional connectivity is important

Especially given climate change



ecoConnect:
Regional ecosystem connectivity

1. Truly regional for the northeastern U.S.
2. Ecosystem-based
3. Independent of defined conservation cores
4. Multiple scales

Presenter Notes
Presentation Notes
We’ve developed ecoConnect, a model of regional connectivity with four defining features: it’s truly regional, it’s ecosystem-based, it’s core-free, and it operates at multiple scales. I’ll discuss each of these.



George Washington
National Forest

Baxter 
State Park

1. Truly regional

Presenter Notes
Presentation Notes
First, ecoConnect is truly regional.

Models of regional connectivity are typically tiled (like TNC’s Regional Flow) or chained (like Nature’s Network). If you’re interested in connecting, for example, George Washington National Forest in Virginia to Baxter State Park in Maine, you need a model that operates at a fully regional scale.



Forest

Ridgetop

Wetland

2. Ecosystem-based Nature’s Network Terrestrial Cores

Presenter Notes
Presentation Notes
ecoConnect is ecosystem-based.

Models of connectivity that lump ecosystems mostly reflect forest connectivity in the northeast, as that’s the matrix system. 

Although there are many exceptions, organisms typically disperse through their habitat. This is particularly true for long-distance dispersal, as it takes place over multiple generations for most species, so they need breeding habitat along the way.

You can see the very different connectivity patterns for forests, ridgetops, and wetlands in these maps. Conserving land only for, say, ridgetops, would omit the best wetland connectivity.



Protected Open Space

BioMap Forest Cores

Nature’s Network Terrestrial Cores

3. Core-independent

Presenter Notes
Presentation Notes
ecoConnect is core-independent (also known as wall to wall connectivity)
Unlike Nature’s Network, for example, it doesn’t connect aspirational conservation cores. Conserving connectivity for aspirational cores is problematic, as many of those cores won’t end up being protected, areas outside of cores may never be developed, and even if they are, they may provide habitat for many decades
Reflects functional connectivity in the existing landscape
Plays nicely with various strategies or target cores as you can see in these examples





a

250 km

4. Multiple scales

25 kmb

Baltimore

Washington

Annapolis

2.5 kmc

Washington

Arlington

Rock
Creek
Park

Presenter Notes
Presentation Notes
Finally, ecoConnect is meaningful at multiple scales. 

If you’re interested in the Baltimore-DC area, which doesn’t look great at a regional scale, you can zoom in and still find areas of connectivity. You can even zoom into highly-developed Washington DC, and find connectivity paths, for instance through Rock Creek Park.



IEI + points (2 km spacing, forest IEI)

25 km

Pittsfield

Presenter Notes
Presentation Notes
I run through a quick overview of how ecoConnect works. We have a nicely illustrated document up on the website.

These examples are in an area of western Massachusetts stretching from Pittsfield to Northampton, showing forest connectivity.

We start by placing a 2 km grid over the landscape and choosing the highest-IEI point in the selected system in each tile.




30 random low-cost paths to
each neighboring point

Presenter Notes
Presentation Notes
We then connect each point to its neighbors within 5 km using a number of what we call Random Low-Cost Paths. These follow paths that are generally ecologically similar to the starting point, avoiding development and roads, and tending to cross large roads under bridges where possible. They're random, so they don't find an optimal path, but instead a number of pretty good paths. We run a total of 60 paths between each neighboring pair of points.



Pass 1: Local connectivity (max 5 km)

25 km

Pittsfield

Northampton

Presenter Notes
Presentation Notes
Connecting each point to its neighbors gives us local connectivity, within 5 km.





Pass 2: Edge betweenness (regional scale)

25 km

Pittsfield

Presenter Notes
Presentation Notes
These points and the mean path cost between each pair of points represents what's called a graph--and there's a whole branch of mathematics devoted to efficiently analyzing graphs. We use a metric called edge betweenness that finds the least-cost route through the graph between every pair of points in the landscape--from Virginia to Maine, from West Virginia to Connecticut, from Amherst Mass to Northampton Mass. We add some random noise and repeat a number of runs to include suboptimal routes through the graph, as we do at the local scale. The result is an abstract representation of regional connectivity.



Pass 3: Regional connectivity
 = local connectivity × edge betweenness

Pittsfield

Presenter Notes
Presentation Notes
Finally, we rerun local connectivity with 200 random low-cost paths between each pair of neighboring points, this time weighted by regional connectivity from the graph. This gives us our final metric, where local paths are weighted by their contribution to regional connectivity at all scales.



Thanks to our beta testers!

Tim Abbott
Housatonic Valley Association

Stacy Deming
Housatonic Valley Association

Jessica Dietrich
MA TNC

Andy Finton
MA TNC

Lee Halasz
Kestrel Land Trust

Laura Marx
MA TNC

Aaron Nelson
Mount Grace Land Conservation Trust

Nick Rossi
MA DCR

Amy Trevvett
East Quabbin Land Trust

Bob Wilber
MA Division of Conservation Services

umassdsl.shinyapps.io/EcoAssess

Presenter Notes
Presentation Notes
We’ve developed a web app that provides access to IEI and ecoConnect. We’ll spend most of the rest of this workshop playing with it. I’ll give a quick overview and then talk logistics.
The middle panel shows the map. You can pan and zoom as you’d expect, and there’s an address bar where you can type a full address, a town and state abbreviation, or a place name such as “umass”
The right panel controls what gets displayed. You can show any of the four scales of IEI or the four ecosystems for ecoConnect. You can control opacity and select basemaps.
The left panel allows you to either draw polygons or upload a shapefile representing a project area and then get a report that summarizes IEI and ecoConnect for your project area and tells you how they compare to the rest of the landscape at different scales. Also there are links to documentation and our website. “About this site” gives a concise overview of everything I’ve just told you and more.
A big thank you our beta testers—their suggestions have greatly improved the app. 

https://umassdsl.shinyapps.io/EcoAssess/
https://umassdsl.shinyapps.io/EcoAssess/


umassdsl.shinyapps.io/EcoAssess

https://umassdsl.shinyapps.io/EcoAssess/


umassdsl.shinyapps.io/EcoAssess

https://umassdsl.shinyapps.io/EcoAssess/
https://umassdsl.shinyapps.io/EcoAssess/
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