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 ANNUAL REPORT 2008  
 
I. The influence of forest management activities on the population viability of 
Appalachian Jacob’s ladder  
 
A. Introduction 
In order to examine how various ecological factors and forest management practices affect the 
future population viability of rare plant Appalachian Jacob’s ladder (Polemonium vanbruntiae), I 
mapped a total of 818 ramets comprising ~450 clonal fragments on x-y coordinates within 30 
0.5m2 grids at 8 sites within the Green Mountain National Forest. This system of demographic 
mapping enables easy relocation of individual plants, so data on life-history transitions and vital 
rates (i.e., survival, growth, and fitness) can be gathered over time to incorporate into a 
population viability model. Natural and human-mediated factors may be affecting the future 
persistence of this threatened plant species in the Green Mountain National Forest (GMNF).  
This study uses a combination of field experimentation and ecological modeling to determine 
how each affects the population viability and extinction risk of Appalachian Jacob’s ladder 
(AJL).   
 
To avoid confusion with clonal plant terminology throughout this section, the genet, or clone, is 
the inclusive genetic individual originating from one zygote, and the ramet is the functional, yet 
potentially independent, part of the genet (Eriksson 1994).  In non-clonal species, the ramet and 
genet are equivalent.  Clonal fragments consist of physically connected ramets, but a clonal 
fragment may not necessarily represent a true genet, because physical disintegration may occur 
over time as physical connections may break down. The number of ramets comprising an 
Appalachian Jacob’s ladder (AJL) clonal fragment ranges from 1 to 22 ramets, with an average 
of 1.74 ± 1.66 ramets/clonal fragment (mean ± 1 standard deviation). 
 
B.  Field experiments 
We are examining how the following experimental factors affect population viability of AJL: 
white-tailed deer (Odocoileus virginianus) herbivory, canopy-cover, invasive species, road 
maintenance, timber-harvesting, and purplestem aster.  Given our experimental protocol, we are 
unable to control for other factors that maybe influencing the growth, survival, and fitness 
(collectively, the “vital rates”) of AJL.  The exceptions are deer herbivory and purplestem aster, 
because we experimentally exclude both deer and aster from a random subset of plants, thus 
enabling us to imply a cause-effect relationship.  However, we can only report correlations 
between the other 4 treatments and AJL vital rates.   
 
We placed experimental grids at 7 AJL sites within the GMNF and 1 site outside of the GMNF 
boundary (Table 1) where half of the grids are placed around plants in the presence of each 
factor and half are placed in the absence of the experimental variable. 
 
A total of 307 ramets are part of an experiment to examine the individual and combined effects 
of canopy-cover and white-tailed deer herbivory on the demography and future persistence of 
AJL. These plants exist at site FR233 where Forest Service personnel performed a tree cutting 
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experiment in winter 2007.  Currently, half of the population remains under a canopy of 
deciduous trees (mainly Betula allegheniensis) and the other half has an open canopy.  This has 
resulted in 2 distinct areas of sun and shade within the population, which allows the set up a 
demographic experiment testing the effect of canopy-cover on AJL.  To do this, we erected 4 
grids in the shade and 4 in the sun in 2008.  Two of the grids (one in the shade and one in the 
sun) have deer exclosures made of 6’ tall chicken wire enclosing the AJL plants within the grid, 
and the other 2 grids are vulnerable to deer herbivory.   
 
At sites BBG and NBL, 202 ramets are contained within 8 grids (4 at each site).  At each site, 2 
grids exclude deer and 2 allow deer herbivory.  We observed a high frequency of deer 
herbivory in 2008 at both sites with a total of 31% of plants browsed in the unexclosed grids at 
site BBG and 14% browsed at site NBL.  Timber harvesting is expected to occur adjacent to site 
BBG in the near future and will be monitored for changes in hydrology or other abiotic shifts 
pre- and post-harvest.   
 
The only invasive species recorded co-occurring with AJL is an invasive grass, reed canarygrass 
(Phalaris arundinacea), which occurs with AJL at sites BBC and BBD.  Wild chervil 
(Anthriscus sylvestris) is another invasive species that is present along FR 54, but this species 
does not currently co-occur with AJL. However, AJL sites are being monitored annually for 
presence of wild chervil and other invasive species. Sites BBC and BBD are also vulnerable to 
forest road maintenance as they occur on the wet roadside swales along FR 54.  We erected 4 
grids at each site, 2 of which occur adjacent to the road and the other 2 grids do not experience 
road activities. Roadside grids are placed in areas that had been previously mowed and may have 
been impacted by other road maintenance activities, such as grading.  As with the white-tailed 
deer herbivory and canopy-cover experiments at FR233, we crossed the “road” treatment with 
the “invasive” treatment so that 1 grid has reed canarygrass present, and 1 has reed canarygrass 
absent in both the “road” and “no road” pair of grids.  Reed canarygrass occurs in densities of 
23-24 tillers/grid with a total of 136 AJL ramets at site BBC, and 8-9 tillers/grids with a total of 
82 AJL ramets at site BBD.   
 
AJL does not occur directly along the roadside at site BBD, so these plants are not directly 
mowed or impacted by road grading.  However, site BBD contains a road culvert that empties 
directly into the site, which may significantly affect the hydrology at the site.  At site BBC, AJL 
occur immediately on the roadside and is impacted by mowing and grading.  Graders directly 
impact plants occurring on the immediate roadside as they push sand and gravel onto the plants.  
Few plants occur on the immediate roadside; however, there are a few roadside plants at sites 
BBC and NBE that we are specifically tracking to determine the effect of grading.  Contractors 
graded FR 54 in 2008 but did not mow, so I experimentally implemented the mowing treatment 
at BBC by using a trimmer to mow a 2m strip on August 28, 2008 after fruits had been harvested 
for seed counts.  AJL and surrounding vegetation was mowed to a height of 2-3 inches.  The 2 
roadside grids were directly mowed and the other 2 grids were not mowed.  
 
A small Blue Banks subpopulation E (BBE) consisting of 5 AJL clones (7 total ramets) is being 
monitored for viability.  Aluminum tags and flags are used instead of grids at this site due to the 
low density of AJL plants.  Threats to the site may include increasing canopy-cover and altered 
hydrology.  Additionally, the habitat characteristics of the site are not ideal as no seeds 
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germinated from experimental grids placed in 2005 as part of an experiment for my dissertation 
research (2003-2008).   
 
Another small site along the North Branch River in Ripton also occurs immediately adjacent to a 
stream.  Plants at site NBF are under a dense canopy of deciduous and coniferous trees.  A native 
aster, purplestem aster (Symphyotrichum puniceum) may be threatening the persistence of AJL.  
Forest Service personnel had previously removed aster at site NBF in 2007 but still persists at 
this site.  Using an experimental approach, we erected 2 grids encompassing 32 AJL ramets at 
this site.  In grid 1, we removed all asters including the roots on June 19, 2008 and we left the 
asters in grid 2.   The asters came out easily by the roots without disturbing the AJL plants at the 
site.  I have never detected deer browsing at this site since annual monitoring began in 2005 for 
my doctoral research, so I do not think that removing the asters will significantly increase browse 
frequency of AJL.  We will compare the viability of plants in each grid to assess the effect of 
purplestem aster on AJL persistence at this site.   
 
North Branch subpopulation E (NBE) is located along the roadside of a Ripton town-maintained 
road (Lincoln-Ripton Rd.), and plants at this site may be affected by roadside grading and 
mowing.  We contained 52 AJL ramets within 4 grids, 2 located immediately adjacent to the 
roadside and 2 located ~4m from the road.  This site was impacted by the creation of a road ditch 
in 2006, which eliminated the majority of AJL plants occurring in the 1.5m × 7m strip along the 
road.  Mowing and grading activities did not directly impact the 2 roadside grids (placed at 1.1 
and 1.8m from the roadside) in 2008.  However, we tagged a few plants occurring on the 
immediate roadside and will collect annual measurements on these plants to discern the effects of 
roadside maintenance. 
 
I will not have data on survival until 2009 and I will not be able to predict long-term trends 
without at least 3 years of annual data.  However, I provide results on how each experimental 
treatment affected the growth (i.e., # ramets, # leaves, height) and fitness (i.e., # flowers, fruits, 
seed set, seed weight) of AJL within each experimental grid.   
 
C. Statistical analysis 
All analyses were performed in SPSS v. 16.0.  I used general linear univariate models to analyze 
the effect of each experimental treatment on the growth and fitness variables. I included each 
experimental treatment (1 or 2 treatment, depending on the site) as predictor variable(s).  As with 
all experiments performed in natural populations, there may be a degree of power lost by the 
inability to control all natural factors that may be affecting plants occurring in nature.  However, 
having a large sample size is one way to overcome the “noise” that is present in any field 
experiment performed under uncontrolled conditions.   
 
D.  Results 
 
White-tailed deer  
Deer browsing significantly affected the growth and fitness of AJL. White-tailed deer herbivory 
was confirmed by a straight cut to the stem (Knight 2004), and, in most cases, deer tracks or 
nearby scat provided supplementary evidence that browsing was caused by deer.  Deer browsing 
reduced the height of AJL ramets by the direct consumption of apical vegetative and 
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reproductive tissues (F1,110 = 6.02, P = 0.016; Figure 1A). Deer browsing also reduced all facets 
of female reproductive fitness (# flowers: F1,45 = 11.8, P = 0.001; # fruits: F1,45 = 12.4, P = 0.001; 
# seeds: F1,45 = 11.5, P = 0.001; seed weight: F1,45 = 7.6, P = 0.009; Figures 1A-C).  We 
observed no deer herbivory at site FR233 in 2008. 
 
Road maintenance 
Proximity of AJL to roads (both a forest road and a town maintained road) reduced growth 
parameters of AJL, but did not affect fitness.  Plants occurring within 2m of the roadside had 
fewer ramets/clone at site NBE (# ramets: F2,39 = 9.2, P = 0.001; Figure 2A).  Roadside plants at 
BBC had fewer leaves, and were significantly shorter than plants not occurring near the roadside 
(# leaves: F3,136 = 5.3, P = 0.02; height: F3,136 = 4.8, P = 0.03; Figure 2A-B). 
 
Invasive species (reed canarygrass, Phalaris arundinacea)   
AJL plants had higher growth and fitness when in competition with reed canarygrass compared 
to AJL plants that were not in direct competition with the invasive grass.  Plants in competition 
had more leaves and were significantly taller (# leaves: F3,136 = 7.1, P = 0.009; height: F3,136 = 
13.7, P = 0.000; Figure 3A).  Although AJL plants in competition with an invasive species did 
not differ in number of flowers, fruits, or seeds produced, plants in competition did tend to 
produce larger seeds (seed weight: F3,18 = 3.9; P = 0.068), although this is not significant at the P 
= 0.05 level (Figure 3B).   
 
Canopy-cover (shade versus sun) 
Increased levels of shade due to canopy-cover was significantly correlated with a decrease in all 
growth parameters (except for # ramets/clone) and all fitness parameters of AJL at site FR233.  
Plants occurring in areas of high canopy-cover (i.e., shade) had fewer leaves and were shorter 
than plants growing in the sun (# leaves: F3,302 = 9.9, P = 0.002; height: F1,302 = 9.0, P = 0.003; 
Figure 4A-B).  All facets of female reproductive were reduced due to shade (# flowers: F3,50 = 
9.5, P = 0.003; # fruits: F3,55 = 9.1, P = 0.004; # seeds: F3,55 = 11.4, P = 0.001; seed weight: F3,55 
= 15.02, P = 0.000; Figures 4B-D).   
 
My first year of study at site FR 233 was in 2004 when I performed hand-pollination 
experiments and began the 4-year demographic study for my dissertation research.  The fruiting 
data from 2004-2008 shows an interesting trend as number of fruits declined to its lowest in 2006 
(prior to canopy-opening) and spiked to its highest level in 2008 (during the 2nd season after 
canopy-opening; Figure 5).  
 
Purplestem aster 
AJL occurring in competition with purplestem aster (Symphyotrichum puniceum) tended to have 
fewer leaves, although this trend was not statistically significant at the P = 0.05 level (F1,30 = 3.6, 
P = 0.07).  No other growth parameters were significantly affected by aster.  No plants flowered 
in the experimental grids, and only 1 ramet was found to be flowering in the entire NBF 
subpopulation in 2008; therefore, I was unable to determine here whether aster affects the fitness 
of AJL.  One reason why the occurrence of flowering plants may be so low at this site is due to a 
canopy shaded by a variety of woody plant species.  However, purplestem aster can easily reach 
1-2m height, so this species also contributes significantly to the shading of AJL.        
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E.  Discussion 
It is clear that white-tailed deer, road maintenance, and canopy-cover significantly negatively 
affect the growth and fitness of AJL occurring within the Green Mountain National Forest.  A 
caveat is that proximity to roads, rather than the maintenance of the road, may be the influential 
factor on AJL growth.  Plants occurring on the roadside often occur in a drier microhabitat than 
plants occurring in the more saturated microhabitats located far from the roadside.   
 
We discovered that AJL has increased growth and fitness in the presence of an invasive species, 
reed canarygrass.  This result may seem counterintuitive at first, but corroborates findings from a 
2007 native-invasive plant competition common garden experiment performed with AJL and 
reed canarygrass at the University of Vermont’s Horticultural Research Station by Laura Hill 
Bermingham and undergraduate Sarah Friend.  In this experiment, we fully crossed 
competition/no competition treatments with nutrient-addition/no nutrient-addition treatments.  
We found that when plants were grown in competition with reed canarygrass under normal 
nutrient conditions, AJL outcompetes reed canarygrass (see Table 2 for native soil analyses).  
However, when the 2 species were grown in competition under elevated nutrient conditions, reed 
canarygrass becomes the superior competitor as it has a greater ability to utilize the additional 
resources and outcompetes AJL.  Therefore, site BBC represents natural habitat conditions under 
which AJL thrives and remains the superior competitor.  Generally, available P (ppm) was low 
compared to average nutrient levels in Vermont soils, but available K was in the medium to 
optimum range for AJL sites (Jokela et al. 2004).  If anthropogenic changes occur at this site, 
including input of nutrients, etc., this may influence the competitive ability of both AJL and reed 
canarygrass.  In fact, other studies examining rare-invasive plant competition have found that 
native plants have an increased competitive ability under natural conditions, but when the 
nutrient load is increased due to agricultural runoff or other factors, invasive species are better at 
obtaining the resources and can outcompete the native plants (Green and Galatowitsch 2002).  
Although over first-year findings indicate that AJL plants grown in competition with reed 
canarygrass exhibit increased growth, this does not necessarily translate into differences in the 
population growth rate.  We will need to collect 3-5 of data to include in a transition matrix 
model to predict future population trends of AJL.  
 
 
II. Predictive habitat modeling - A spatial analysis of site requirements for 
Appalachian Jacob’s ladder 
 
A. Introduction 
The purpose of this project is to create predictive habitat model for AJL using ARC GIS.  This 
will facilitate locating new, undiscovered populations and aid conservation of this species in the 
future. University of Vermont undergraduate and 2008 project field assistant Katie Kain used 
GIS to create preliminary maps of potential AJL habitat as a project in a Natural Resources 
course at UVM in Fall 2008. Currently, Katie and her class partners Laura Koloski and Gwen 
Kozlowski are mapping current populations overlaid on data layers for that area for a Natural 
Resources course project at UVM in Spring 2009.   
 
B. Preliminary Analysis 
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Data Layers 
ElevationDEM_DEM24 contains data that VCGI extracted from NED and reprojected with the 
Vermont’s SPCS NAD83.  WaterWetlands_NWI contains quads from NWI that were 
reprojected to the NAD83 coordinate system.  It gives the location and classifications of 
wetlands in Vermont.  GeologicSurficial_Surficial62K shows surficial geology features for the 
state of Vermont. CadastralPublands_CONSPUB displays all of the conserved land in Vermont.  
BoundaryCounty_CNTYBNDS shows the boundaries of all counties in Vermont (Table 3). 
 
GIS Analyses 
To begin, Addison County was selected from the ‘BoundaryCounty_CNTYBNDS’ layer.  We 
created a layer from this selection and named it ‘Addison_County’.  This was used throughout the 
analysis to clip data to the study area of Addison County.  We began the analysis with elevation.  
Optimal elevation for Jacob’s Ladder is between 1000 and 2000’, so we utilized the raster 
calculator to select and create a layer from these values.  We then converted these data to vector 
data and clipped the layer using ‘Addison_County’.  This created a layer that we named 
‘Optimal_Elevation_Clip’ (Table 4).   
 
We clipped the layer ‘GeologicSurficial_Surficial62K’ to ‘Addison_County’ and selected by 
attribute for till, because Jacob’s Ladder grows exclusively in sites with glacial till.  This created 
the layer ‘Till_Clip’.  The layer ‘WaterWetlands_VSWI’ was also clipped to ‘Addison-County’ 
and was renamed ‘Wetlands_Clip’.  After this was accomplished, an intersect command was used 
to intersect ‘Optimal_Elevation_Clip’, ‘Till_Clip’, and ‘Wetlands_Clip’.  This created a layer 
(‘Intersect_WC_TC_OEC’) that displayed areas of Addison County where all of these features 
occur concurrently.  Because Jacob’s Ladder often occurs at the edges of wetlands, we created a 10 
meter buffer around the intersect layer and named it ‘10_meter_buffer’. 
 
We wanted to examine the distribution of these potential habitat sites in relation to the Green 
Mountain National Forest, so we imported the layer ‘CadastralPublands_ CONSPUB’ and clipped 
it to ‘Addison_County’.  We used the ‘select by attribute’ function to identify the areas of Green 
Mountain National Forest and created a layer (‘GMNFBounds’) from this.  We then intersected 
this layer with ‘10_meter_buffer’ to display the areas where potential habitat sites fall within the 
national forest (‘Intersect_Sites_GMNF’). We then designated conservation priorities for these 
areas based on the areas of potential sites by selecting by attribute (area) and created new layers for 
the sites with the 3 largest areas (Figure 6).  See Appendix I for analysis flow chart. 
 
C.  Preliminary results 
The results from this study revealed potential sites of suitable habitat AJL and three key areas that 
should be evaluated for potential conservation sites (Figure 6).  The largest priority area was 0.5 
km2, while priorities 1 and 2 were 0.2 km2 and 0.17 km2, respectively.  These areas should be field 
tested to ensure that the predictability of the model was accurate, and conservation actions should 
be assigned as needed to preserve current or future habitat sites for this rare species. 

D.  Current analysis 
Although the preliminary analysis is helpful in determining suitable habitat for AJL outside the 
GMNF, we do not know what the most important potential sites are within the GMNF. By 
further refining the preliminary habitat model to include priority sites within the GMNF, efforts 
can be focused where there is the highest probability of finding rare plant populations that could 
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be affected by proposed forest management activities.  We are also speaking with various 
individuals to further refine the model using more specific wetland delineation information for 
the GMNF and adding additional layers to the GIS model.  This information will allow us to 
create a more tailored model.  The final product will be a map that displays where all of these 
habitat parameters occur, indicating a high probability of the presence of Jacob’s ladder. We will 
also include landmarks (roads, trails, streams, etc.) to facilitate locating the priority sites.  Once 
the habitat model is finalized, we will electronically transfer all data files to the Green Mountain 
National Forest to facilitate future project reviews and site planning. 
 
Our objectives and timeline are ongoing and are detailed below: 

1. Identify key habitat characteristics of species (by Feb. 13th) 
2. Develop plan for data model (by Feb 20th) 
3. Map current populations (by Feb 27th) 
4. Search for detailed GIS layers (VCGI and other sources)  (by Feb 27th) 
5. Analyze data in GIS (by March 27th) 
6. Create final model (by April 3rd) 
7. Field test model (by April 30th and throughout the summer 2009 field season) 
8. Present findings to NR 206, submit map and data layers to Forest Service (by April 30th) 
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Tables and Figures 
 
Table 1: Appalachian Jacob’s ladder experimental site locations and site abbreviations within 
the Green Mountain National Forest 
Appalachian Jacob’s ladder site and location Site 

abbreviation 
Blue Banks Brook subpopulation C, along FR 54, Lincoln BBC 
Blue Banks Brook subpopulation D, along FR 54, Lincoln BBD 
Blue Banks Brook subpopulation E, along FR 54, Lincoln BBE 
*Blue Banks Brook subpopulation G, behind Spruce Lodge, FR 54, Lincoln BBG 
North Branch River subpopulation F, intersection of FR 235 & Lincoln-
Ripton Rd., Ripton 

NBF 

North Branch River subpopulation E, along the Lincoln-Ripton Rd., Ripton NBE 
North Branch River subpopulation L, in wetland hikeable from FR 235A,  
Ripton 

NBL 

Forest Rd. 233 reintroduction site, in wet swale off FR 233, Ripton FR233 
*site located on non-GMNF land 


