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Introduction 

A habitat linkage for the movement of wide ranging mammals between the Green Mountains and 

Adirondacks across the southern Lake Champlain Valley has been hypothesized at least since the early 

2000’s by The Nature Conservancy, and was more formally proposed as a “linkage” critical for 

maintaining habitat connections across the Northern Appalachians by 2Countries1Forest (Trombulak et 

al 2008).   This report summarizes the efforts of the Staying Connected Initiative to develop spatial 

priorities for connectivity conservation in the Green Mountains to Adirondacks linkage as a basis for 

informing decisions for prioritizing local connectivity conservation work.  

In 2002, The Nature Conservancy secured funding from the Lounsberry Foundation to conduct a 

connectivity modeling exercise to identify spatial priorities for Greens to Adirondacks habitat 

connectivity conservation.  Following the completion of this effort, in 2008, Competitive State Wildlife 

Grant Funding provided crucial resources to work in the linkage  1) refine and expand the existing 

connectivity modeling work via a succession of connectivity modeling exercises to increase confidence in 

our ability to interpretive models and identify spatial priorities for habitat connectivity conservation 

work and 2) to focus implementation of on-the-ground strategies to protect habitat connectivity as part 

of the Staying Connected Initiative.  

Habitat connectivity modeling is a rapidly evolving field.   Methodological refinements and innovations 

appear in the literature with regular frequency, and modeling approaches become ever-more 

sophisticated over time.  Identifying areas that are most important for functional connectivity - the most 

important places in a landscape that support the movement/dispersal for a given species - is a 

challenging endeavor (Rudnick et al 2012).  The ability to identify habitats that are crucial for 

maintaining the ability of wide-ranging mammal populations in surrounding regional “core” habitats to 

genetically interact (functional connectivity)across the linkage is important for developing and 

implementing linkage-scale connectivity conservation strategies.  However, functional connectivity is an 

acutely intangible and species specific attribute, based on spatial relationships between habitat patches 

and species-specific habitat based movement preferences and decisions.  Accordingly, modeling 

exercises that attempt to identify areas that are most important for connectivity are replete with 

interpretive difficulties.  Yet the urgency and need for connectivity conservation compels us to use and 

interpret the best available science in ways that maximizes our confidence in our identification of spatial 

priorities. 

Our series of Greens-Adirondacks linkage-scale connectivity modeling exercises incorporated a few of 

the modeling advances that occurred in the mid 2000’s.  Multiple exercises using different models were 

used in an attempt to diminish uncertainty and gain confidence in our interpretation of modeling 

results.   We identified areas of corroboration and correspondence among modeling exercises to 

develop a final spatial dataset that identified the highest probability movement areas for wide ranging 

mammals between the Green Mountains and Adirondacks. 
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Greens to Adirondacks Connectivity Modeling 

It is easy to intuitively identify the Southern Lake Champlain Valley as the most likely place to support 

the movement of wide ranging mammals between the Green Mountains and Adirondacks.  A quick 

glance at landcover maps of forested, agricultural, and developed areas in the Champlain Valley (Figure 

1) indicates that the Southern part of the Lake Champlain Valley supports the most heavily forested 

landscape of any part of the valley that lies between Vermont and the Adirondacks.  Moreover, Lake 

Champlain is at its narrowest width in this region, suggesting that habitat connectivity across the valley 

is most likely to exist where the structural connectivity of forested habitats is most visually striking, 

particularly within a region encompassing most of Rutland County, Vermont, and parts of Washington 

County, NY.   Coarse scale modeling efforts to identify regional connectivity “pinchpoints” in the 

Northern Appalachians and the Eastern US that do not exclude the Southern Lake Champlain Valley as 

part of the context of the Northern Appalachians Ecoregion (Jantz and Goetz, 2008, Anderson et al 2012) 

have corroborated this intuitive observation.   

Our modeling exercises were accordingly scaled to focus on the most heavily forested parts of the 

Southern Lake Champlain Valley.   Our first modeling exercise Tear et al (2006 - Appendix A) used an 

analysis frame that encompassed the edges of “core” forested habitats in the Adirondacks and Green 

Mountains (Figure 1).   For the sake of comparability, this analysis frame served to define the focal area 

for three subsequent modeling exercises.   

Tear et al (2006) used Least Cost Path methodology to predict high probability east-west movement 

areas for three focal species - bobcat, black bear, and fisher - based on a cost surface derived from 

expert opinion that ranked landcover class for habitat suitability for these species.  Long (2007; 

Appendix A) conducted essentially the same analysis, with the notable refinement of substituting 

empirical probability-of-occupancy models (based on an analysis of presence/absence data for the focal 

species in various land-cover classes) for the expert opinion ranking used by Tear et al (2006). 

State Wildlife Grant Competitive funding from the USFWS enabled us to conduct additional modeling 

exercises:  Zeh (2010, Appendix A) used FunConn (Theobald 2006) to model habitat connectivity for the 

same three focal species.  FunnCon is a theoretically superior approach to connectivity modeling 

compared to Least Cost Path approaches on account of its capacity to identify forest cores and core 

connections throughout the focal area. 

Finally, a talented undergraduate from Green Mountain College contributed a Circuitscape (McRae 

2008) based modeling exercise (Middleman and Marangelo 2010) to estimate east-west connectivity 

across the focal area for the three focal species as part of a class project (Appendix A), using the same 

cost surfaces used for the Least Cost Path exercises.  Circuitscape models connectivity based on 

electrical circuit theory, where habitat suitability is incorporated into connectivity modeling as 

conductivity (high habitat suitability = high conductivity) and resistance (poor habitat suitability = high 

resistance).  Connectivity is estimated by mathematically simulating the flow of electrical current 

between nodes through a landscape of variable conductivity (habitat suitability).  Outputs consist of a 
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Figure 1: Forested (green), agricultural (yellow)and developed (brown) landcover classes in the Lake 

Champlain Valley and the analysis frame used for Green Mountain to Adirondacks habitat connectivity 

modeling exercises.
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map of current densities that estimate the likelihood of movement through a given pixel.  It less prone 

to the directional bias inherent in Least Cost Path methods, and may  better simulate animal movement 

when the resolution of the analysis is fine enough to mimic the scale at which animal movement 

decisions are made. 

Interpretation and synthesis of models 

For our final spatial prioritization of places most important for habitat connectivity conservation, we first 

synthesized the results of modeling exercises that we had greatest confidence in interpreting into a 

single data layer (Figure 2) of high probability movement areas for bobcat, black bear, and fisher 

between the Green Mountains and Adirondacks.  To produce this spatial dataset, we overlaid all three 

focal species models from the circuitscape exercise, and compared the overlay with the combined 

model from Long (2007).   Areas of greatest model corroboration, interpreted with knowledge of likely 

important road crossing areas and forested habitat blocks, were visually identified and digitized to 

produce the dataset of spatial priorities.   We did not incorporate the FunConn analysis (Zeh 2010) 

because 1) difficulties in confidently parameterizing the FunConn model confounded the interpretation 

of model outputs; 2) the scale of the analysis frame we used was not well suited to the design of the 

model (identifying “core” habitat for the focal species and connecting “cores” using graph theory).  

FunConn turned to be a theoretical framework poorly fit the scale of our analysis frame, where the most 

relevant question was identifying a network of connectivity-facilitating “stepping stone” habitat patches 

between Green and Adirondack Mountain “cores”.     

Because there were multiple parallel efforts across Vermont within the Staying Connected Initiative to 

identify spatial priorities for connectivity conservation, an additional overarching framework for spatial 

priority identification was created within the initiative and merged with the Greens-Adirondacks 

modeling synthesis dataset to produce a final data layer that defined spatial priorities for the linkage.   

SCI decided to intersect a data layer of forest habitat blocks created by Vermont ANR (Sorenson 2011) 

with linkage-specific connectivity models (Figure 3).   We incorporated all forest blocks >5000 acres in 

the linkage by merging it with the spatial priorities in Figure 2 (Figure 4).   We also developed a set of 

smaller high priority areas by creating polygons in high probability movement areas from Figure 4 that 

connect forest blocks >5000 acres.  These higher priority polygons were labeled “Structural Pathways”1 

(Figure 5).   Structural Pathway polygons in the Greens to Adirondacks linkage essentially link large 

forested habitat block and span/encompass areas that featured more fragmented habitats – typically 

road corridors and agricultural areas.  Structural pathway polygons extended 500m into adjacent forest 

block habitat.   Areas that fell outside of the Structural Pathways were called “Habitat Linkage” lands.   

Species can differ substantially in terms of what types of habitat they might use to move across the 

landscape, and specifically, what size forest blocks may serve as de-facto stepping stones.   In our 

modeling synthesis, we attempted to generalize from the results of a series of three species-specific 

analyses for wide-ranging mammal species (bobcat, black bear, and fisher), with the intention of 

                                                           
1
 Structural Pathway is a naming convention developed by the Staying Connected Initiative to label high priority 

areas within regional habitat linkages that structurally link “core” forest blocks. 
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Figure 2:  Synthesis of modeling results from Least Cost Path and Circuitscape connectivity modeling 

exercises for bobcat, black bear, and fisher, depicting hypothesized highest probability movement areas 

for wide-ranging mammals between the Green Mountains and Adirondacks. 
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Figure 3: Overlay of forest blocks > 5000 acres with high probability movement areas. 
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Figure 4:  Final linkage area boundary, encompassing “core” forest blocks and linking the “anchor” forest 

blocks in the Green Mountains and Adirondacks. 

  



 

8 
 

 

Figure 5:  Structural Pathways that link “core” forest blocks within the Green Mountains to Adirondacks 

habitat linkage. 
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interpreting our final product as loosely representative of the high-probability movement areas that 

would be used all wide-ranging terrestrial mammals.   Efforts to capture connectivity for multiple 

species with a single data layer are replete with uncertainties (Rudnick et al 2012).  The degree to which 

this generalization captures the actual connectivity needs for a suite of wide ranging mammal species is 

unknown.    

Despite using a large size threshold for forest habitat patches (>5000 acres), we retained recognition of 

the “stepping stone” value of many smaller forest habitat patches in the linkage in a parcel-level 

prioritization scheme within each Structural Pathway.  So while not analytically captured in our data 

layers for their “stepping stone” value in the same manner as the larger (>5000 acre) forest blocks, we 

nevertheless note and emphasize their potential importance when we interpret our connectivity 

modeling for conservation planning at the Structural Pathway/township scale. 

Road Barrier Assessment: 

Initial connectivity modeling exercises enabled us to identify areas along major north-south road 

corridors that serve as the most formidable barriers for east-west habitat connectivity across the 

linkage.  Sections of road corridors intersecting modeled high-probability movement areas in Figure 2 

were first identified on maps, and then visited to identify road segments within these sections that 

featured habitat attributes that were most likely to enable wildlife road crossing (Figure 6).   A winter 

tracking exercise was then conducted along a subset of what was at the time considered the most 

important road segments for habitat connectivity across the linkage.  The objective of the exercise 

(Leoniack  2010 – Appendix B) was to document whether any mammals (focal species of bobcat, black 

bear, and fisher, in addition to other mammal taxa) were indeed crossing the roads in these areas.   

Documented instances of wildlife crossing, and in particular of focal species, were interpreted as 

indicators that road segments in high-probability movement areas were not absolute barriers to wildlife 

movement in a Structural Pathway.   The road tracking exercise design was limited.  It was a “snapshot” 

sampling of wildlife road crossings on targeted road segment:  three visits were made to each road 

segment – two visits were aimed to occur during favorable snow tracking conditions, and one in the 

spring when roadside habitat conditions for wildlife were more discernible.  Unfortunately, poor snow 

conditions limited snow tracking efforts to one visit instead of the designed two, thereby severely 

limiting the opportunity to observe instances of wildlife road crossing.  Nevertheless, the study did 

detect focal species (either bobcat or fisher – we did not anticipate finding any signs of bear crossing 

because of winter hibernation) crossing the road in at least one location on each of the major north-

south road corridors in the linkage area (VT Route 22a, VT Route 30, US Route 7; Figure 7).  We suspect 

that the most formidable barriers to animal movement is found on US Route 4 in Whitehall and Ft. Ann, 

NY, followed by US Route 7 in Pittsford and Brandon, VT, on account of excessively high traffic volumes, 

Because of the limited number of visits we were able to make along road segments during this exercise, 

we did not interpret the failure to detect focal species crossing in a given road segment as an indicator 

of absolute impermeability of a road segment.  Clearly, more information on whether/how wildlife 

moves across these segments is needed.  To help us gain insights into the viability of our road crossing  
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Figure 6:  Hypothesized Important Road Segments for wildlife crossing where road permeability is 

important to maintain habitat connectivity between the Green Mountains and Adirondacks. 

  



 

11 
 

 

Figure 7: Number of observed bobcat or fisher road crossings per 100m of road segment from winter 

2010 tracking exercise. 
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areas, we have started to work with volunteer tracking groups and college classes to document the 

presence or absence of road crossings in the Structural Pathways – indeed, one such group was 

organized as part of our Community Technical Assistance work in the winter of 2012, but again, near 

non-existent snowfall that winter prevented data collection.   

Parcel Prioritization 

As described earlier, the final data layer of spatial priorities for connectivity conservation in the Green to 

Adirondack Mountains consists of two tiers of priorities:  Structural Pathways, which are the highest 

priorities for connectivity conservation action, and other “Habitat Linkage” lands, which are secondary 

priorities for connectivity conservation.   

Within the Structural Pathways, we conducted a parcel-level analysis to identify the parcels that 

contributed most to connecting forest blocks on either side of the Pathways.  For this analysis, we 

developed prioritization criteria, applying the criteria to all parcels within structural pathways on the 

Vermont and New York sides of the linkage.    

Criteria for identifying priority parcels within Structural Pathways were: 

 Location: Within or bordering on a Structural Pathway 

• Parcel Size.   To limit the number of parcels identified as “priorities”, parcel size thresholds were 

set to levels that limited the number of parcels identified while retaining important east-west 

components of forested habitat structural connectivity.  A threshold of >50 acres was needed to 

achieve the desired structural connectivity in most structural pathways, however, in two SPs, 

parcels sizes were large enough to use >100 acres as a size criteria.  A small number of parcels 

that contained important forested habitat near critical movement barriers (high volume north-

south roadways) that did not reach our size thresholds were selected because they provided 

important habitat in critical movement areas around these barriers that were inadequately 

captured by the set of larger parcels. 

• Condition.  Parcels that meet condition criterion for prioritization need to be predominantly 

forested, or otherwise contains landscape features (hedgerows, stream corridors) that facilitate 

connectivity across the Structural Pathway. 

• Location of the parcel within the Structural Pathway with respect to:  

• Direction of movement within a Structural Pathway in terms of the viability of the 

pathway for movement between “core” forest blocks. 

• Adjacent to known/hypothesized wildlife road crossing locations (parcels < 50 acres are 

included if they are in a critical location with respect to roads/wildlife road crossings) 

• Adjacent to protected lands or smaller “Stepping stone” habitat blocks within the 

Structural Pathway. 
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In New York and Vermont 235 and 287 (respectively) parcels were identified as priorities within the 14 

structural pathways in the linkage area (Figure 8).   

Other than the parcel size criterion, our prioritization criteria relied heavily on qualitative judgments 

based on a working knowledge of the landscape character and likely animal movement areas of each 

structural pathway.  For example, a fully forested parcel within a structural pathway near the size 

threshold criteria might be juxtaposed with other SP habitat attributes in a way that likely diminishes its 

role in supporting animal movement across the SP, and for this reason would not be identified as a 

priority.  On the other hand, a small (5 acre) forested parcel directly bordering a likely barrier centrally 

juxtaposed with other habitat attributes that might otherwise aid wildlife crossing of this barrier would 

be qualitatively hand-picked for inclusion in the group of priority parcels. 

While prioritization criteria were applied to all parcels within all structural pathways, not all Structural 

Pathways are of equal importance – some span low traffic volume dirt roads separating adjacent forest 

blocks.   Efforts to conserve habitat connectivity between the Green Mountains and Adirondacks should 

place highest priority on working in a subset of Structural Pathways that are the most impermeable to 

wildlife movement.   Five of the 14 structural pathways have been identified as highest priority 

according to these terms: those that are bisected by high volume roads and highways, have large spatial 

gaps between “core” forest blocks, are threatened by development, and/or represent the best of limited 

opportunities to move between “core” forest blocks have been separated out as higher priorities (Figure 

9).   

Parcel Prioritization in Habitat Linkage Areas.   

Parcels that contained forested habitat within the Greens to Adirondacks linkage outside of Structural 

Pathways were prioritized with a separate analysis.  Compared to Structural Pathways, these lands 

require a different strategic emphasis for habitat connectivity conservation efforts.   Strategies that are 

focused on “keeping forests as forests” need to be emphasized in these areas, with the recognition that 

these areas are less threatened, and therefore lower priority for conservation resources, than parcels 

within Structural Pathways. 

Parcel prioritization in Habitat Connectivity Areas relied on a criterion of size, as larger parcels 

contribute more to the viability of large “stepping stone” forest habitat blocks in the linkage than 

smaller parcels.  Parcels that were >300 acres were identified as priorities in these areas (Figure 10).  

Forty parcels in the linkage were identified as “medium” priorities. 

The lack of spatial data on parcels for some of the towns in New York and Vermont prevented our parcel 

analysis from being comprehensive – it is certain that some parcels that exist in Structural Pathways  

that lack parcel data meet our prioritization criteria.  If opportunity arises on any such parcels for 

application of strategies that maintain/enhance, or restore habitat connectivity, the prioritization 

criteria described here can help assess their connectivity value. 
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Figure 8: Example of parcel prioritization in the structural pathway along US Route 7 in Brandon and 

Pittsford, Vermont. 
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Figure 9:  Higher priority Structural Pathways for habitat connectivity conservation. 
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Figure 10:  “Medium Priority” parcels in large forest blocks in a portion of the Greens to Adirondacks 

linkage. 
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While our parcel prioritization scheme has identified a large number of priority parcels, our parcel 

prioritization maps are not and should not be interpreted as land-protection goals for the initiative.  This 

prioritization effort was intended to be used as a filter to represent the parcels that in aggregate 

contributed most to linkage habitat connectivity.  Parcel-level strategies are based on the range of 

conservation options for individual landowners that the Staying Connected Initiative has developed for 

linkage Technical Assistance work, from providing technical assistance on forestland management for 

connectivity to educating landowners about the regional importance of their property.  The 

prioritization will be used as a filter to assess potential land protection opportunities from willing 

landowners, but SCI does not intend and is unable to work towards land protection on the vast majority 

of these parcels. 

Conclusions 

 

Connectivity modeling in the Greens to Adirondacks linkage has served as the foundation for identifying 

the most important places to focus Staying Connected’s habitat connectivity conservation work on in 

the linkage.  Modeling interpretation has enabled the delineation of high priority Structural Pathways 

and hypothesized important Wildlife Road Crossing Segments that have guided SCI strategy 

implementation efforts in the region with respect to local technical assistance for habitat connectivity 

conservation planning to local municipalities, road barrier mitigation, land protection, and the formation 

of volunteer roadside tracking groups.  Our data has also informed a road corridor improvement 

planning initiative on Rt. 22a in Vermont, and served as a basis for developing state-wide NRCS cost 

share program ranking criteria for habitat connectivity.   This data will continue to inform our 

conservation work in the region for the foreseeable future, given that habitat connectivity conservation 

work focused on regional linakges in the Northern Appalachians continues to be a high priority area of 

conservation work for core SCI partners. 
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Appendices:  see Attachments 


