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Abstract

The acquisition of this parcel aligns with FPR's current focus on creating effective management strategies for backcountry skiing, a fast growing recreational sport in Vermont.  There is little ecological data on the effects of backcountry skiing on wildlife habitat and forest health.  The Bolton Backcountry offers an opportunity to study the ecological effects of cutting backcountry ski trails.

Four focal species were used to compare wildlife habitat suitability of the glades and adjacent forest areas.  A focal species is one whose requirements for survival are linked to factors important for maintaining healthy ecosystems.  The focal species used for the study were black bear (Ursus americanus), Canada warbler (Wilsonia canadensis), black-throated blue warbler (Dendroica caerulescens), and scarlet tanager (Piranga olivacea). 

The study was set up with control (forested) plots and treatment (gladed) plots.  Results showed that black bear habitat suitability was significantly (p<.05) different between control and treatment plots.  Habitat suitability was lower in treatment areas due to the lower diversity of berry-bearing herbaceous plants.  This finding aligns with the herbaceous percent cover data that suggests a lower diversity of herbaceous plants in treatment versus control plots.  A lack of diversity in the forest vegetation can affect the kind of animals that live there.

Introduction

In the past ten years, a boom in backcountry skiing has pushed FPR toward developing a new management strategy.  Backcountry skiing entails accessing skiable terrain by hiking to the area you want to ski.  Backcountry skiing is also characterized by skiing in maintained forested areas, colloquially known as tree skiing or glade skiing.  Glade skiing is defined for this document as a ski run, maintained in the woods where a skier can make multiple linked turns between trees.  Glades are maintained to keep them fun and useable.  Maintenance of glades includes removal of the forest understory to prevent skier injury.  

Methods

Study Area

The Bolton Backcountry parcel is 1,140 acres covering an elevation gradient from 1000-2800 ft.  It is located in Bolton, Vermont and is within 30 miles of Vermont's largest city, Burlington (Figure 2).  The parcel is the newest addition to the Mt. Mansfield State Forest, the largest contiguous landholding of FPR.  It is approximately 40,000 acres, covers three counties, and includes seven towns.  Across the Winooski valley to the south lays the 25,000-acre Camels Hump Management Unit.  These two large public land holdings are part of a major north-south wildlife travel corridor in north central Vermont.  

[image: ]The landscape between Camels Hump Management Unit and Mt. Mansfield State Forest runs through the Winooski Valley.  In 2008, a coalition of local conservation advocates, Vermont Land Trust, and the state defined this area as core habitat for wildlife and named it the Chittenden County Uplands.  It is considered at high risk for development due to its proximity to Burlington.  Figure 2.  The Bolton Backcountry land in context.


Linking core wildlife habitat into wildlife corridors that improve large-scale landscape connectivity is important in the face of a changing climate.  The warming temperatures are changing vegetation, which forces migratory animals to move further north to find habitat and food.  Bolton Backcountry adds to the landscape level connectivity and provides the needed conserved land base for this moving wildlife population as well as the current wildlife population.  

Study Area

Bolton Backcountry in Bolton, Vermont in northwestern Vermont is 1,140 acres spanning 1,800 to 2,800 feet in elevation.  The whole parcel is made up of a matrix of northern hardwood forest, montane yellow birch-spruce forest, spruce-fir forest, and a beaver meadow complex.  The land is notably rugged with rock outcrops and talus slopes spread throughout the landscape.  When these outcrops occur at around 2000 feet they provide suitable conditions for spruce-fir to grow.  When viewed from above these outcrops form fingers and tiny islands of coniferous canopy betwixt the deciduous trees.  This landscape also holds approximately 60 miles of ski trails and 70 acres of mapped glades.  The dense trail network leaves little space untouched by recreationists in winter.  

The seventy acres of glades are the focus of this study.  There is pressure to expand the glade acreage on the property due to an increased pubic interest in backcountry skiing.  The gladed area will be known as the treatment area throughout the document.  The 70 acre control area was chosen because of similar forest cover type, soil type, and elevation.


 Focal Species

Due to the size of the parcel and the time constraint of the project, four focal species were chosen: black bear, black-throated blue warbler, Canada warbler, and scarlet tanager.  The United States Department of Fish and Wildlife (USFWS) has a habitat suitability index established for the black bear (1987).  The three bird species habitat suitability needs were created using primary literature.

Black bear, scarlet tanager, black-throated blue warbler, and Canada warbler were chosen as focal species.  All of these species are likely to live on the parcel due to size of the forested landscape as well as its cover type and elevation.  Focal species is an umbrella term that encapsulates indicator, umbrella, flagship and keystone species (Miller et al. 1999).  These species were chosen because of their sensitivity to forest fragmentation and their dependence on diverse forest structure.    

Indicator species are sensitive to ecological changes and can be useful for monitoring habitat quality, and can provide an early warning system for the loss of integrity in an ecosystem (Miller et al. 1999).  The three birds chosen are dependent on different aspects of forest structure, which makes them viable indicator species for changes created by glade cutting.  If a forest lacks the specific requirements that make up their habitat suitability index, the birds are less likely to be there. 

Black bear was chosen as a flagship species because they are charismatic and recognizable to the public (Miller et al. 1999).  Black bear cover large areas in their seasonal movements, using different parts of a forested system for spring, summer, and fall food as well as winter denning.  Black bear are also highly sensitive to habitat fragmentation and alteration because of their dependence on a variety of habitat types throughout the year.  

Vegetation Data 

[image: ]Wildlife habitat suitability models use vegetation data.  A modified approach to the United States Forest Service's Field Inventory and Analysis (FIA) approach was used to collect the forest vegetation data.  The traditional FIA approach uses a cluster of four 0.25 acre sub-plots to make up one, one-acre plot.  I used one FIA sub-plot as my main plot.Figure 3.  A map of the control and treatment areas with random plots. 


There were approximately 70 acres of mapped glades on the Bolton Backcountry.  The gladed area is referred to as the 'treatment' area throughout this document.  It is a treatment area because it is altered from the original forested state (control).  A 70 acre control area was defined to match the soil type, elevation, aspect, and natural community type of the treatment area.  Once both areas were defined, 15 random points were generated for each 70 acre area.  These points were used as plot centers for the vegetation data collection using the FIA protocols (see Appendix A).  I collected data on woody species, tree diameter at breast height (dbh), herbaceous species, and percent cover of herbaceous and woody species, downed debris, and canopy closure. 





Results 

A suite of forest vegetation data was collected in order to assess wildlife habitat suitability.  This section walks through the different sets of data collected and outlines the trends present.  Further years of data collection in the treatment areas may reveal more about the long-term effects of glading on forest species composition and regeneration.  

Trees - Seedlings to Saw Logs

The hypothesis for tree data was that there would be more seedlings and saplings in the control plots than in the treatment area.  Seedlings and saplings fall into the 0-6 ft range of the forest understory, which is the area of the forest removed during yearly glade maintenance.   It was hypothesized that there would be more pole logs on the control plots since seedlings and saplings are regularly cut out of treatment plots.  Finally, it was hypothesized that there would be more saw logs on the treatment plots, since glades are maintained with the intention of keeping large dbh trees.  The <1" dbh saplings are lumped into seedlings in this figure because the tree data was broken out into four age classes - seedling, sapling, pole, and saw log - defined by the University of New Hampshire Extension (2010).  


[image: ]
Figure 4.  Total Number of Seedlings in Control and Treatment Plots.   Seedlings include trees <1" diameter breast height.  There are slightly more seedlings in the control area than in the treatment area.  This aligns with the hypothesis for this age class.      
[image: ]
Figure 5.  Total Number of Sapling Stems in Control and Treatment Plots.  Saplings include trees >1"-4.5" diameter breast height.  There are twice as many sapling stems in the control plots compared to the treatment plots.  This aligns with the hypothesis for this age class.  As mentioned before this age class is cut out by backcountry skiers because these trees interfere with the descent.  They are whippy and can hit you in the face and catch your skis, poles, and other equipment.  

[image: ]
Figure 6.  Total Number of Pole Size Trees in Control and Treatment Plots.  Pole size trees include trees >4.5"-12" diameter breast height.  These results were surprising because it was hypothesized that there would be more pole size in the treatment plots since younger age classes are cut out.  There are roughly the same number of pole size trees in control and treatment plots.  This finding does support the fact that the forests being compared have a similar composition, which means differences in the younger age classes are likely because of human activity versus natural differences between the forests.  

[image: ]
Figure 7.  Total Number of Saw Log Trees in Control and Treatment Plots.  Saw Log trees include trees >12" diameter breast height.  These results align with what was expected.  There are roughly the same number of saw log trees in control and treatment plots.  This finding supports the fact that the forests being compared have a similar composition, which means differences in the younger age classes are likely because of human activity versus natural differences between the forests.  

The trends shown in Figures 5-8 support the idea that there is a difference between the understory (seedling/sapling age class) in control and treatment plots.   

Canopy Cover

Canopy cover observed across the study area was very closed.  This was confirmed by the data (Figure 9).  


Figure 8.  Number of Plots in Control and Treatment Plots with x Percent Canopy Cover.  This shows that all of the plots have >90% canopy cover.  This supports that the two areas are similar.  

Downed Woody Debris

[image: ]
Figure 9.  Total Number of Pieces of Downed Woody Debris on control and treatment plots.   Downed woody debris is an important part of forest structure.  It creates micro climates near the forest floor and as it decomposes releases nutrients back into the soil.  Wildlife, invertebrates, and fungi thrive in these pieces of dead wood.  There were slightly more recorded on the treatment plots than the control plots.  The treatment plot downed woody debris was all much further along in decomposition than the control plots.  Some trees had recently fallen while others were barely recognizable.  This may be related to the fact that newer downed trees are often cleared from glades to the nearest forest island.  


Soil pH

One of the criteria for choosing the control area is that it had the same soil types present as are found in the treatment plots.  While in the field soil pH was recorded at each plot. 

Figure 10.  Number of plots in the study area with x soil pH.  Most of the plots had a soil pH around 5.  Soil pH can influence what types of vegetation grow in an area, the consistent pH supports that the control and treatment area were similar.  

New York Fern Percent Cover 

Species and percent cover data was collected at three quadrats on each plot.  Species were then recorded at the plot level as well.  This data, particularly in relation to herbaceous vegetation, is the most likely to be affected by the seasonal difference in data collection.  Data was collected at all treatment plots in early to mid-July, while control plot data was collected from late-July to mid-August.  Ferns were observationally larger in August on the whole property.  The hypothesis related to ferns is that there would be a higher percent coverage of ferns on the treatment plots.  This figure looks particularly at New York Fern because of its ability to shade out other plants and create a carpet of ferns.  

[image: ]
Figure 11.  The average percent cover of New York Fern in the first two layers of the forest on control and treatment plots.    The trend in data shows that there is a higher percent cover of New York Fern on control plots.  As mentioned above, this is likely due to the time of season percent data was collected.  Although this does not support the hypothesis, it does show that New York Fern is present on the property.  

Vegetation Biodiversity

At every plot all vegetative species present were recorded.  There were more species in control plots than treatment plots.  Both woody and herbaceous species were counted.  Since the woody species were almost the same, the main difference in species is in the herbaceous layer.  

Figure 12.  The total number of vegetative species on control and treatment plots.  There were more species recorded on control than treatment plots.  This difference could be important when thinking about the future of the treatment area and what it might look like if it stops being used as a ski run.

Discussion

It is currently unclear what the future forest in the treatment area may look like, due to the lowered herbaceous diversity, the small size of the sapling age class, and the presence of New York fern in the herbaceous layer.  A disturbance in this forest will not follow the traditional disturbance successional pattern due to the presence of New York fern in the plots and hay-scented fern on the property.  Both of these fern species will take over a newly created opening and suppress the growth of other vegetation (discussed further in management suggestions).  Their presence can preclude certain species, thus affecting the species composition of the forest.  

INCLUDE INFORMATION ABOUT HSIs here!  

Forest Management 

The focus of this study was on the effects of backcountry skiing on the site-specific wildlife habitat suitability for bear, black-throated blue warbler, scarlet tanager, and Canada warbler.  The management strategies were developed with the focal species needs in mind.  

Management Concern 1:

Glade development and maintenance simplifies forest structure:
(1) Loss of vertical forest structure 
(2) Presence of ferns in the understory 
(3) Loss of diversity in the herbaceous layer

 Glading likely produces these results because of yearly maintenance over an extended time scale.


Management Recommendation:  

The results of this ecological assessment indiate that Bolton Backcountry should not expand backcountry ski trails or glades; trail density on the parcel is already high. The current trail system needs a lot of maintenance, so spending time and money on that will be better than creating new glades for the long-term ecological health of the parcel.  Bolton Backcountry is designated a Backcountry Skiing Management zone, which seems like a good precedent to set.  Since the full effects of backcountry skiing are not yet well understood, designating specific areas as management zones will help the users self-regulate and the state focus limited resources where they can do the most good.    


Conclusion 

Bolton Backcountry offers an opportunity to understand the ecological effects of backcountry skiing.  There are trails present on the property that have been glades for forty years and some that were just cut five years ago.  The older glades are wide and exemplify the resultant simplified forest structure more acutely than the newer, narrower glades.  The trend of glades to grow from narrowly trimmed trails to wide expanses of cleared understory is important to think about as more trails are cut across the state.  What will all those newly cut trails look like in forty years?  

Another interesting aspect of backcountry skiing is how many popular areas are associated with the alpine ski resort.  All the major ski resorts such as Killington, Stowe Mountain, and Jay Peak have backcountry ski trails off the backsides of the mountains.  This means that the highest peaks in Vermont are heavily impacted by human use.  On one side, there is the traditional alpine ski resort development, while on the other there are trails cutting through the forest.  This is of great concern to wildlife populations because it means that a larger portion of their habitat is fragmented.  For instance, moose might have been displaced from the spruce/fir habitat on the ski resort side and now reside on the backside of the mountain.  The presence of trails on the backside of the mountain means that the moose are under stress from the unpredictable presence of backcountry skiers.  Where can the moose move to now?  And how does the stress of dislocation and disturbance interact with other potential stressors, such as high winter tick loads?

Bolton Backcountry can be an anchor for education and outreach about these wildlife and forest effects for the backcountry skier community.  The state should continue to assimilate information on the effects of backcountry skiing on wildlife and wildlife habitat suitability.  Further inventorying, research, and monitoring will facilitate a suite of best management practices that ensure the continued use and future health of the northern forest. 
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Appendix A

FIA Methods

[image: Macintosh HD:Users:kwrigley:Desktop:Screen Shot 2014-10-18 at 10.07.57 AM.png]
Figure 1. Plot used for data collection.   Tree data and percent cover data were collected at plot level, sapling/seedling data at micro plot, vegetation data and percent cover at quadrats, and woody debris and soil along the transects.


Plot:
At each site I collected data in the same order - plot, micro plot, transect, quadrat.  At the plot level I used a 24 ft piece of p-cord starting at the N azimuth and walking.  I recorded species, dbh, and height of all standing trees >4.5 in.  I used a hand held densiometer to estimate canopy cover.  Canopy measurements and a picture were taken from plot center facing North, East, South, and West.  I used ocular observation to determine percent cover at the plot level (Daubenmire 1959).  Four height classes of cover were used: 0-2 ft, >2-6 ft, >6-16 ft., and >16 ft.  Percent cover fell into seven categories: 0, 2-5, 6-25, 26-50, 51-75, 76-95, 96-100.  For data analysis, these categories were simplified to 0%, 5%, 10%, 38%, 63%, 86%, and 97% (Daubenmire 1959).  

Micro plot:
I collected the regeneration data in a 6.8 ft radius micro plot located 90 degrees and 12 ft from the plot center.  I identified and measured the dbh of standing trees <4.5-1".  Standing trees <1" and seedlings were identified and counted.  Seedlings were only counted up to 20. 

Transects:  I collected downed woody debris (DWD), fine woody debris (FWD), soil duff and litter layer depths on transects.  The transects were set up at 30, 150, and 270 degrees and ran from plot center to plot edge.  A 24 ft piece of p-cord was used to demarcate transects.  I walked from plot center out to record DWD crossing the transect.  If DWD crossed the transect, I recorded tree species, dbh, and decay class.  I walked along the transect again to count FWD that crossed the transect recording it is as small, medium, or large.  Soil pH was taken at the end of the 270 degree transect.  I collected soil pH measurements at the end of the 270-degree transect.    

Quadrat:
I used a one meter squared quadrat made of PVC to collect herbaceous and shrub layer data on each transect, 15 feet from plot center.  It was placed on the right side of the transect with the bottom left corner touching the p-cord.  I made a species list of all vegetation in the quadrat.  I then repeated the ocular observation technique used at the plot level to collect percent canopy cover data for each species per quadrat.  

Species List (this might go in the actual body of work)
[image: ]




Jon Appleton of Mad River Glen Ski Resort created a forestry management plan in the early 2000s as an attempt to formalize glade cutting with a focus on maintaining forest health and water quality.  The United States Forest Service consulted Mad Rive Glen as well about their management techniques, drawing on vegetation islands (mentioned later) to create a plan for glade development in the Rochester Ranger District of Vermont.  

Mad River Glen focuses on keeping people happy and on trail as well as strategies to best protect forest health.  
The three key rules for laying out trail are: 
1) The lines are fun, so people will not leave the trail
(2) Cutting down trees does not create better terrain and might lessen snow held by the total line
 (3) Do not cut in spruce/fir forest (starting around 2,200 to 2,500 ft)

When creating new trails, it is important to think about the type of terrain current glade selection covers.  Steep terrain is good for powder and challenge, whereas rolling terrain is fun for all abilities.  Once the audience is established, trail planning can commence.  

Planning should focus on: 
Northerly exposures because they hold snow the longest; Rolling terrain because it is fun; 
Northern hardwood forests; Stable soil; Fall lines

Unlike hiking trails, ski trails run down the fall line.  Potential routes should be scouted during the non-snow months, preferably during "stick season" when the topography of the land is more visible than during mid-summer.  Flagging a desired route and visiting it during several seasons allows for revisioning and a full understanding of the issues that may arise from its location.  Following the line in winter will give you an idea of what it would be like to ski it.

Glade management should include a focus on retaining structural diversity of the forest.  One way to do this involves using vegetation islands.  Basic triangular islands have been used at Mad River Glen for about ten years, with anecdotal success.  The Green Mountain National Forest's current proposal builds on this idea and includes specific uneven-aged silvicultural practices to promote a structurally diverse forest condition.  
 
Vegetation Islands:
Islands range in size; Include a diversity of species and ages; Include both vertical and horizontal woody structure  

Continued contact with the Green Mountain National Forest to find out how the vegetation islands work over time will lend more information for future revision of glade management.  

[image: Macintosh HD:Users:kwrigley:Desktop:Screen Shot 2015-03-21 at 6.29.11 PM.png]
Example of tree-skiing zone layout utilizing a braided line design with retained vegetation islands, courtesy of Green Mountain National Forest.  


Control	90.0	100.0	2.0	13.0	Treatment	90.0	100.0	2.0	13.0	Percent Canopy Cover
# of Plots with x Percent Cover
Control	4.0	5.0	6.0	7.0	0.0	12.0	1.0	0.0	Treatment	4.0	5.0	6.0	7.0	3.0	11.0	0.0	1.0	pH
#of Plots with x as pH
Control 	Treatment	32.0	19.0	Number of Species
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Woody and Herbaceous Species

Latin name
Abies balsamea L.

Acer pensylvanicum .

Acer rubrum L.

Acer saccharum Marsh.

Acer spicatum Lam.

Aralia nudicaulis .

Arisaema triphyllum L.

Astersp. L.

Athyrium filix-femina L.

Betula alleghaniensis Britt
Betula papyrifera Marsh.
Carexintumescens Rudge
Clintonia borealis Raf.
Coptistrifolia L.

Cornus canadensis L.
Dennstaedtia punctilobula Michx
Dryopteris campyloptera Clarkson
Dryopteris intermedia Muhl. ex Wild.
Dryopteris marginalis L.
Erythronium americanum L.
Fagus grandifolia Ehrh.
Gaultheria procumbens L.
Helianthus sp. L

Huperzia lucidula Michx.
Maianthemum canadense Desf.
Medeola virginiana L.

Monotropa uniffora L.

Oxalis montana Raf.

Picea rubens Sarg

Polygonatum pubescens Willd.
Polypodium appalcahianum Haufler & Windham
Prunus pensylvanica Lf.

Rubus sp. L.

Sorbus americana Marsh.
Streptopus lanceolatus Reveal.
Thelypteris noveboracensis L
Tiarella cordfolia L.

Trillium erectum L.

Uvularia sessilfolia L.

Veratrum viride At

Viburnum lantanoides Michx.
Viola sp. L.

Common Name
Balsam fir

Moose maple

Red maple

Sugar maple
Mountain maple
Wild sarsaparilla

Jack in the pulpit
Aster

Lady fern

Yellow birch

Paper birch

Bladder sedge
Blue-beaded lily
Goldenthread
Canadian bunchberry
Hay-scented fern
Mountain wood fern
Evergreen wood fern
Marginal wood fern
Trout lily

American beech
American wintergreen
Sunflower

Shining clubmoss
Canada mayflower
Indian cucumber-root
Indian pipe

Mountain woodsorrel
Red spruce

Hairy solomon's seal
Rock polypody.

Pin cherry

Bramble

Mountain ash
Rose-bellwort

New York fern
Foamflower

Stinking Benjamin
Sessile-leaf bellwort
False hellebore
Hobblebush

Violet
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Figure 1. Example tree-skiing zone
layout utilizing a braided line
design with retained vegetation
islands.
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