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ANNUAL REPORT 2009  

 
I. The influence of forest management activities on the population viability of 
Appalachian Jacob’s ladder  
 
A. Introduction 
The main research objective is to examine how various ecological factors and forest management 
practices affect the future population viability of this rare plant, as 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 
AJL.  We mapped a total of 818 Polemonium vanbruntiae (Appalachian Jacob’s ladder, hereafter 
“AJL”) ramets comprising ~450 clonal fragments on x-y coordinates within thirty 0.5m2 grids at 
8 sites within the Green Mountain National Forest in summer 2008. Currently, the 2008-2009 
dataset includes one annual transition for the 818 ramets, including the first survival probabilities 
based on site and impact.   
 
B.  Field experiments 
This study examines 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 (Table 1).  Timber-harvesting has not yet 
occurred adjacent to any AJL sites.  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, as noted in the 2008 report, we can only report 
correlations between the other 4 treatments and AJL vital rates.  Refer to Table 1 and the 2008 
Annual Report for detailed information on the experimental set-up and grid location within each 
8 AJL site in the GMNF.   
 
The first annual transition (2008-2009) allows us to report AJL survival rates reported in the 
2008 report that included results on growth and fitness only.  The 2008 Annual Report includes 
detailed information 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.  I will not be able to predict long-term trends without at least 3 years of 
annual data (i.e., 2008-2009, 2009-2010, 2010-2011).   
 
All fruiting stalks in each grid were collected and brought to the lab at the University of Vermont 
to assess # flowers, # fruits, # seeds, and total seed weight in September 2008.  After counting 
and measurements were complete, the seeds were brought back to each site and scattered within 
each respective grid.  In 2009, we counted the number of new seedlings within each grid in order 
to gain an estimate of seedling germination rate within each site and experimental grid.  
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C. Statistical analysis 
All analyses were performed in SPSS v. 17.0.  I used logistic regression (reporting Wald’s chi-
square statistic) to analyze whether white-tailed deer herbivory, roads, invasive species, canopy-
cover, and purplestem aster influenced AJL ramet survival (0,1) in year t +1.  Because only deer, 
canopy-cover, and aster treatments are experimentally manipulated, I can only measure 
correlations between ramet survival and roads and invasive species.  I pooled all experimental 
grids across populations and used a one-way analysis of variance (1-way ANOVA) to determine 
whether white-tailed deer herbivory, roads, invasive species, and canopy-cover affected seed 
germination rates in 2009. 
 
As noted in the 2008 Annual Report, experiments performed in natural populations may have a 
degree of power lost by the inability to control all natural factors that may be affecting plants 
under natural conditions.  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 
At each AJL site, the total number of surviving ramets was greater than the number of dead 
ramets in 2008-2009 (Table 2).  In addition, a total of 370 new AJL ramets were measured 
within the experimental grids across all 8 sites.  Site FR had the most new ramets (171 ramets) 
and site NBF had the fewest new ramets (1 ramet).  There were no new ramets at site BBE. 
 
White-tailed deer  
AJL ramets that were exposed to deer herbivory (i.e., not caged) had a significantly lower chance 
of survival compared to AJL ramets that were protected from deer herbivory (i.e., caged) at site 
FR (χ2 = 4.94, p = 0.03, df = 1).  However, at sites NBL and BBG, survival was not significantly 
impacted by the presence or absence of deer herbivory (NBL: χ2 = 1.89, p = 0.17, df = 1; BBG: 
χ2 = 2.85, p = 0.09, df = 1).   
 
Seed germination rates were significantly lower in grids exposed to deer herbivory (F1,15 = 4.4, p 
= 0.05). Grids exposed to deer herbivory averaged 3% germination, whereas grids protected from 
deer herbivory averaged 8% germination.  The grand mean germination rate for all experimental 
AJL grid was 7% germination in 2008-2009.  Two uncaged grids at site FR had 0 germination 
because all seeds were removed by deer.  When I removed these 2 zeros from the statistical 
analysis, the effect of deer on seed germination was insignificant (F1,13 = 2.3, p = 0.15). 
 
Road maintenance 
AJL ramets in site BBD occurring adjacent to the road (FR54) had reduced survival from 2008-
2009 compared to ramets at the same site that do not occur immediately adjacent to a road (χ2 = 
8.11, p = 0.004, df = 1).  However, road proximity did not affect the survival of ramets at sites 
BBC and NBE (BBC: χ2 = 0.85, p = 0.36, df = 1; NBE: χ2 = 0.53, p = 0.479, df = 1).  Proximity 
to roads had no effect on seed germination within experimental grids (F1,9 = 0.8, p = 0.41). 
 
Invasive species (reed canarygrass, Phalaris arundinacea)   
Although 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 in 2008, the 
presence of reed canarygrass did not significantly affect AJL survival at sites BBC or BBD 
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(BBC: χ2 = 0.03, p = 0.86, df = 1; BBD: χ2 = 1.48, p = 0.22, df = 1).  Presence of reed 
canarygrass also did not significantly affect seed germination rates (F1,7 = 0.3, p = 0.62). 
 
Canopy-cover (shade versus sun) 
Although increased levels of shade decreased growth and fitness parameters of AJL at site FR in 
2008, survival from 2008-2009 was not impacted by shade (χ2 = 2.16, p = 0.14, df = 1).  
Canopy-cover also did not affect seed germination rates (F1,7 = 0.7, p = 0.45). 
 
Purplestem aster 
The removal of purplestem aster did not significantly affect the survival of AJL ramets in 2008-
2009 (χ2 = 0.24, p = 0.62, df = 1).  Because no ramets flowered in 2008 within the experimental 
grids at site NBF, we were not able to estimate the effect of aster on seed germination rates in 
2009. 
 
Seeds/fruit 
I collected fruits and brought them into the lab to score # seeds/fruit in 2008.  I then returned the 
seeds to each grid and dispersed them as naturally as possible.  In 2009 and thereafter, I 
quantified # fruits in the field and used the 2008 averages of seeds/fruit to estimate total seed 
production in each grid.   
 
There are no significant differences in seeds/fruit among the 8 study sites (F5, 136 = 2.1, p = 0.07).   
Populations NBF and BBE were excluded from the statistical analysis because there were fewer 
than 2 cases (i.e., only 1 plant produced fruits in 2008 at each site).  I ran a post-hoc Tukey’s 
HSD to examine pairwise differences among populations, and the only statistically significant 
difference in seeds/fruit was between site BBG and NBL (p = 0.05; Figure 1). 
 
Blue Banks subpopulation E 
Five genets consisting of 7 ramets currently exist at site BBE.  No ramets died from 2008-2009, 
and no new ramets were located within the population.  All existing ramets are vegetative, and 
there were no flowering ramets in either 2008 or 2009.  There is no evidence of offspring 
recruitment at the site, as no seedlings or vegetative recruits have been observed in 2008 or 2009. 
This is an extremely small subpopulation that is being monitored for potential negative impacts. 
 
E.  Discussion  
White-tailed deer, road maintenance, and canopy-cover significantly negatively affected the 
growth and fitness of AJL occurring within the Green Mountain National Forest in 2008, but the 
only significant impacts on survival from 2008-2009 were white-tailed deer at site FR and 
proximity to the road at site BBD.  The presence of deer herbivory also decreased the 
germination rate by 5% in 2008-2009.   
 
Previous research demonstrates that the population growth rate decreases sharply and extinction 
risk increases significantly when AJL ramets are browsed by deer (Hill Bermingham, in press). 
Plants that are browsed by deer suffer a sharp decrease in fertility.  Previous research has shown 
that the reproductive value of flowering AJL ramets decreases 15-fold when compared to the 
reproductive value of unbrowsed plants, most likely from both the loss of offspring to deer eating 
flowers and fruits, and from plants spending more of their lives in vegetative stage classes (Hill 
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Bermingham in press, Knight 2004).  Herbivory may cause a shift in allocation of resources 
from the production of tall flowering ramets, which are conspicuous and browsed at high 
frequencies, to a shift to clonal growth. An allocation of energy into the production of flowers 
and fruits under intense herbivore pressure would be wasted at the expense of producing clonal 
recruits if flowering ramets are browsed (Hill Bermingham, in press). Previous research has also 
shown that in sites that are not impacted by deer browsing, seedling survival is an important 
factor contributing to population growth.  However, in sites that experience browsing, vegetative 
ramet survival is the most important vital rate influencing future population growth (Hill 
Bermingham, in press). 
 
Seed germination rates were also lower in grids exposed to deer herbivory, but this result was 
only statistically significant when grids with 0 germination were included in the statistical 
analysis. Previous studies have shown that white-tailed deer preferentially browse adult AJL 
vegetative and reproductive ramets (17% and 16%, respectively; Hill Bermingham, in press).  In 
addition, deer most often remove most to all of reproductive tissues (i.e., flowers, fruits, and 
seeds), which may translate into the removal of all offspring from uncaged grids.  Seed 
germination is the proportion of seeds germinating from the existing pool of seeds in the grid, so 
the removal of all seeds by deer affects this estimate.  
 
Proximity to roads decreased AJL ramet survival at site BBD. Road graders were been found to 
increase extinction risk in plant populations (de Kroon et al. 1987, Kiviniemi 2002).  
Additionally, although AJL is a wetland species, flooding may cause the permanent loss of 
populations and suitable habitat.  In fact, heavy rains caused river flooding, which is the 
suspected cause of extinction for one Vermont subpopulation of AJL and one population in 
Pennsylvania (Deller 2002).  I suspect that it is exposure to flooding affecting plants at BBD, 
rather than mowing or road grading.  The “road” treatment grids at site BBD are adjacent to a 
road culvert, which exposes these plants to super-saturated soil conditions, which seems to 
decrease the ability for the ramets to persist from year 1 to year 2.  In addition, no AJL plants at 
site BBD occur close enough to the roadside to be impacted by mowing or grading activities.   
 
II. Predictive habitat modeling - A spatial analysis indicating potential 
locations of new populations of Appalachian Jacob’s ladder based on habitat 
characteristics 
 
A.  Introduction 
The purpose of the GIS analysis is to locate suitable habitat areas for AJL within the Green 
Mountain National Forest (GMNF) based on several parameters.  The map will serve as a 
template for which to search for undiscovered populations of this rare plant within the north-half 
region of the GMNF.   
 
To do this, I created a habitat suitability model using ArcGIS (v. 9.3) with various habitat 
parameters in order to locate areas within the GMNF where AJL is most likely to occur.  AJL 
prefers the following habitats: muck/peat, edges of fresh water marshes, glacial till, elevation 
between 1000-2000.' AJL also displays a clumped spatial distribution, mostly likely because it 
requires a specific habitat and is a dispersal limited species. 
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B.  Data Layers 
The following data files were acquired from various sources for use in this analysis: 

• The projected coordinate system is NAD 1983 State Plane for all data layers 
• VermontElevationDEM_DEM24 is a raster dataset containing elevation for the State of 

Vermont. These data were downloaded from VCGI website.   
• WaterWetlands_VSWI contains NWI maps  used by the State of Vermont Agency of 

Natural resources. Nearly 66% of the wetlands were hand digitized from RF 24000 scale 
NWI mylars. The remainder of the state was scanned from RF 24000 or RF 25000 scale 
mylars. Mylars were created by transferring wetland polygon boundaries from RF 62500 
scale NWI mylars to RF 24000 scale base maps. These data were also downloaded from 
VCGI website.  

• GeologicSurficial_Surficial62K shows surficial geology features for the state of Vermont 
and were downloaded from VCGI website. 

• GMNF Management boundaries (ENVIRON_MAREA2004_POLY layer) contained all 
land within the Green Mountain National Forest and were downloaded from VCGI 
website.TOURISM_GMNFTRAILS_ROUTE_ROAD was used to map the existing 
Forest Roads within the GMNF for orientation.  

• BOUNDARY_CNTYBNDS_POLY was downloaded from VCGI website and used to 
map VT counties for orientation. 

• Existing Polemonium vanbruntiae population shapfiles were provided by Jodi Shippee at 
the State of Vermont Nongame and Natural Heritage Program. 

 
C.  GIS Analysis 
The purpose of this analysis is to locate suitable habitat areas for threatened plant species 
Polemonium vanbruntiae (Appalachian Jacob’s ladder) within the Green Mountain National 
Forest (GMNF) based on several parameters.  The map will serve as a template for which to 
search for undiscovered populations of this rare plant within the north-half region of the GMNF.   
 
To begin, the GMNF management area layer from ENVIRON_MAREA2004_POLY layer was 
used as my basemap.  This was used throughout the analysis to clip data to the study area within 
the north half region of the Green Mountain National Forest (GMNF).  I added the roads and trails 
layer and labeled these features for orientation.  I then added the county map layer, clipped this 
layer to the GMNF and labeled the VT counties for orientation purposes. 
 
I began the analysis with elevation by adding the raster elevation layer to ArcMap. Optimal 
elevation for AJL is between 1000' and 2000,’ so I utilized the raster calculator in the Spatial 
Analyst toolbar to query elevation > 1000' and < 2000.'  I then reclassified these data, removing all 
the “0's” from the output and converted “raster to feature” to convert into polygons.  I saved this as 
the “elev_reclassify” layer.   I then clipped the layer using ‘GMNF.’  This created a layer named 
‘Optimal_Elevation_Clip.’ 
 
I then added the layer “Geologic_SURFICIAL62K_poly” and selected by attribute for 
swamp/peat/muck AND till, because AJL grows exclusively in swampy area with muck and peat 
soils and also in areas of glacial till.  I only selected rows with the following till type: “till 
mantling the bedrock and reflecting the topography of the underlying bedrock surface. Thicker in 
the valleys and thinner in the uplands. On many exposed uplands postglacial erosion has left only 
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rubble and scattered boulders on bedrock.”  I saved the selection as a layer file, then clipped this 
layer to the GMNF north-half and named it ‘Muck_Till_Clip’.   
 
Next, I added the layer ‘WaterWetlands_VSWI” which contains all significant Vermont 
wetlands, many of which occur within the north-half GMNF.  I clipped this layer to ‘GMNF’ and  
renamed it ‘Wetlands_Clip’. 
 
I then added the shapefile containing x-y coordinate points for all existing AJL populations in the 
GMNF from the State of Vermont.  There is evidence that AJL displays a clumped spatial 
distribution as plants are dispersal limited and all GMNF populations occur within ~10km of one 
another.  Therefore, this layer is useful for predicting where new populations may occur within the 
GMNF.  
 
After these steps were accomplished, an intersect command was used to intersect 
‘Optimal_Elevation_Clip’, ‘Muck_Till_Clip’, and ‘Wetlands_Clip’ layers.  This created a layer 
(‘Intersect_OEC_MTC_WC’) that displayed areas of the northhalf GMNF where all of these 
features occur concurrently.  I then designated conservation priorities for these areas based on 
the areas of potential sites by selecting by attribute (area) and created new layers for 13 sites that 
had the largest total area. 
 
D.  Results and timeline 
The model output 12 priority sites for AJL within the north-half of the GMNF (Figures 2-5).  
Not surprisingly, many were located in habitats nearby existing populations of AJL in South 
Lincoln and Ripton, VT, but other potential sites were located a fair distance from current sites, 
including 1 location in Rutland, VT in the GMNF.   
 
I will field test the model starting mid-May 2010 when AJL begins to leaf out.  I will travel to 
the 12 priority sites and run a series of linear transects separated by 10m to span the entire area 
of the population in search for AJL.  By July, I expect to have all the potential areas searched for 
new AJL populations.  
 
GIS layers are “coarse” landscape features are helpful in identifying habitat associations, but are 
likely not detailed enough to describe the finer habitat preferences of a species (Brambilla et al., 
2009).  Depending on the success of the initial survey of the areas of suitable habitat, I will refine 
the model to include more informative data layers and any additional habitat data, re-run the 
analysis, and search any new potential habitats before the field season ends in mid-October 2010. 
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Figures and Tables 
 
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 Management influence 
Blue Banks Brook subpopulation C, along FR 
54, Lincoln 

BBC forest road maintenance, invasive 
reed canarygrass* 

Blue Banks Brook subpopulation D, along FR 
54, Lincoln 

BBD forest road maintenance, invasive 
reed canarygrass* 

Blue Banks Brook subpopulation E, along FR 
54, Lincoln 

BBE small site, continued monitoring 

**Blue Banks Brook subpopulation G, behind 
Spruce Lodge, FR 54, Lincoln 

BBG white-tailed deer herbivory, 
potential timber-harvesting 

North Branch River subpopulation F, 
intersection of FR 235 & Lincoln-Ripton Rd., 
Ripton 

NBF purple-stem aster competition 

North Branch River subpopulation E, along the 
Lincoln-Ripton Rd., Ripton 

NBE roadside mowing and grading 
(town-maintained highway) 

North Branch River subpopulation L, in wetland 
hikeable from FR 235A,  Ripton 

NBL white-tailed deer herbivory 

Forest Rd. 233 reintroduction site, in wet swale 
off FR 233, Ripton 

FR233 canopy-cover, white-tailed deer 
herbivory 

* Phalaris arundinacea 
** site located on non-GMNF land 
 
 
Table 2:  Total number of surviving, dead, and new ramets for each AJL site. 
 
AJL site Total # surviving ramets Total # dead ramets Total # new ramets % survival 

BBC 84 55 25 60.4 
BBD 47 39 52 54.7 
BBE 7 0 0 100 
BBG 76 43 95 63.9 
FR 159 139 171 53.4 

NBE 30 16 6 65.2 
NBF        18 11 1 62.1 
NBL 49 40 20 50 
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Figure 1: Average seeds/fruit for each AJL study site.  Numbers above the bars represent the 
sample size (i.e., numbers of fruits scored in each population). 
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Figures 2-5:  ArcGIS maps of 12 priority sites in the north-half GMNF 
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  Figure 3 
 

 
  Figure 4 



 

 11 

 
  Figure 5 
 
 
 
 
 
References: 
Brambilla, M., Casale, F., Bergero, V., Matteo Crovetto, G., Falco, R., Negri, I., Siccardi, P., and 

Boglianai, G. 2009. GIS-models work well, but are not enough: Habitat preferences of 
Lanius collurio at multiple levels and conservation implications. Biological 
Conservation, 142, 2033-2042. 

de Kroon, H., A. Plaisier, and J. van Groenendael. 1987. Density-dependent simulation of the 
population dynamics of a perennial grassland species, Hypochaeris radicata. Oikos, 50, 
3–12.  

Deller, M. B., 2002. Polemonium vanbruntiae Britton (Appalachian Jacob’s ladder) New 
England Plant Conservation Program Conservation and Research Plan for U. S. Forest 
Service Region 9. New England Wild Flower Society, Framingham, Massachusetts. 

Hill Bermingham, L. (2010; In press). Deer herbivory and habitat type influence long-term 
population dynamics of a rare wetland plant. Plant Ecology. 

Kiviniemi, K. 2002. Population dynamics of Agrimonia eupoatoria and Geum rivale, two 
perennial grassland species. Plant Ecology, 159, 153-169.   

Knight, T.M. 2004. The effects of herbivory and pollen limitation on a declining population of 
Trillium grandiflorum. Ecological Applications, 14, 915–928. 

 
 


