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 Biotic and abiotic factors may influence ungulate herbivory of the quaking aspen (Populus tremuloides). This study 

aimed to figure out how these factors affected tree selection and herbivory amounts of aspen bark in the East 

River Valley near Gothic, Colorado. Common forestry methods and reflectance spectrometry were used to test 195 

aspen trees over four sites inn different elevations. I found that the factors tested did not affect tree selection but 

some, such as bark reflectance properties, did affect barking amounts.  

 

Introduction 

The quaking aspen, Populus tremuloides, is one the most widespread, genetically diverse, and 

ecologically important tree species in North America (Mitton and Grant 1996). Quaking aspens 

are a clonal species that can create massive stands that dominate the landscape (DeWoody et 

al. 2008). However, quaking aspen populations have seen a decline over the last 100 years 

(Bartos and Campbell 1998). This decline, primarily in the montane west, has been attributed to 

a number of factors, but predominantly fire suppression, sudden aspen decline (SAD), 

anthropogenic climate change, and herbivory (Gruell 1980, Houston 1982). Herbivory, in which 

this study focuses on, is shown through an ungulate feeding method called barking.  Barking is 

the technique in which ungulates, primarily elk, Cervus elephus nelsoni, and mule Deer, 

Odocoileus hemionus, use their lower incisors to scrape off and eat the chlorophyll filled bark 

and cambium of the aspen (MacCracken and Hansen 1986). This usually occurs in the winter, 



when their preferred grasses and forbs are covered in snow (Hoffman et al. 1989). This type of 

herbivory has a large effect on the health of aspen populations. This is because barking can 

spread tree-to-tree diseases, open entry points for infections, and leave the tree more 

susceptible to solar radiation damage (Hart and Hart 2001, Rabinowitz et al. 2015). The 

ungulate browsing of aspens can also play a large role in selecting genetic traits for the aspen 

and can go as far as changing the chemical composition of whole forests (Bailey et al. 2007).  

 Now, with a combination of new anthropogenic factors and elk populations recovering 

from historic over-hunting, the quaking aspen has been barked to the point of decline in many 

areas (White and Feller 2001). This has produced a need for a clear understanding of ungulate-

aspen ecological interactions. Part of understanding these interactions includes recognizing 

these animal’s feeding patterns. 

 Ungulate feeding patterns on aspens may be linked to a number of factors including 

tree diameter, slope and other topographic variations, bark reflectance properties, and many 

others (Kufeld 1973, Covington 1975, Fortin et al.  2005, Geist 1982). These factors have effects 

on aspens over large spatial extents due to the species’ clonal nature (Mock et al. 2008). By 

understanding these factors and the spatial areas in which they persist, we can begin predicting 

where the ungulates will browse and creating efficient management plans. 

 This study aimed to answer these problems. In particular, it looked a one main 

question: What factors influence ungulate barking on the quaking aspen? The factors looked at 

were trunk diameter at breast height (130cm), slope, proximity to open areas, NDVI 

(normalized difference vegetation index) and mean reflectance of the white outer layer bark 



and inner green cambium. In order to test these factors and answer the question mentioned 

above, 7 hypotheses were proposed (Table 1).  

 

Table 1: Hypotheses for how each factor effects barking 

 
Methods 

 

The study was conducted using four sites in the East River Valley of Gunnison County, Colorado 

(Figure 1). Sites were chosen at different elevations and locations due to the quaking aspen’s 

clonal nature. Because the trees are clonal, multiple sites would ensure multiple clones were 

Factor Hypothesis 

Diameter at Breast Height of 

Aspen trees 

Due to larger DBH trees having larger trunk surface areas, trees with a larger DBH will be 

subject to more ungulate barking.  

Slope  Due to steeper slopes impeding ungulate movement, trees that are on a steeper slope will be 

subject to less barking. 

Aspen tree’s distance to 

open area 

Due to ungulates winter preference for open grassland near forests, trees that are closer to 

open areas will subject to more ungulate barking.  

White outer bark NDVI Due to greener bark containing higher outer bark chlorophyll and sugars, trees with higher 

NDVI values will have more barking  

White outer bark mean 

reflectance 

Due to whiter bark containing more sloughed cambium cells, trees with lower white bark 

mean reflectance will be subject to more ungulate barking.  

Green cambium NDVI Due to greener bark containing higher bark chlorophyll and sugars, trees with higher green 

cork cambium NDVI will be subject to more ungulate barking. 

Green cambium mean 

reflectance 

Due to less reflective bark absorbing more light, trees with lower green cork cambium mean 

reflectance will be subject to more ungulate barking. 



being tested and see if the factors being tested had different effects in different areas. The first 

site was at an elevation of 3000 meters. It was a 1-hectare plot with 25, 20x20 meter subplots 

within. In the 1-hectare plot, I randomly selected 5 subplots using a random number generator. 

Then within each selected subplot, I randomly selected 15 aspen trees to test. The other 3 sites 

were transects with elevations of 2900-3100 meters, 3000-3200 meters, and 3100-3300 

meters. Each transect had 5, 20 square meter subplots, 40 meters apart. Within each transect 

subplot, 10 trees were selected by choosing the closest trees to the center of the subplot. All 

trees in all sites had a minimum DBH of 7 cm to ensure accurate barking was measured.   

 For each tree, I first measured the diameter at breast height (130 cm from the base of 

the tree) by wrapping diameter tape around the trunk of the tree.  Next, the slope of the 

ground at the base of the tree was measured using a LaserTech TruPulse 360R laser range 

finder. The slope was taken within 30 cm of the trunk on the south facing side of the tree 

(downhill side).  Next, the distance from the nearest open area was recorded. An “open area” 

was defined as a spot with an area of 25m2,  containing no trees larger than 7 cm DBH. This was 

done by firing the laser range finder at the closest point on the perimeter of the open area and 

recording the horizontal distance.  

For each tree, I also estimated the total area of bark herbivory. I looked at ungulate 

herbivory damage on all sides of the tree. I only looked at barking that was green and not 

blackened, indicating recent barking damage of less than 2 years. I calculated the amount of 

barking on each tree using a ruler to measure the length of the scar at its longest point and the 

width of each scar at its widest point. I then multiplied the two values to estimate an area to 

the nearest centimeter. All the scars on the tree were then added up to make a total barking 



area for each tree. Finally, on each tree I collected a 5x5x2 cm bark sample 130cm up from the 

base on the south facing side of the tree. This was done using a knife sterilized with isopropyl 

alcohol to prevent tree-to-tree infection. The samples were then kept cool and moist until they 

were analyzed in the lab.  

 The analyzing of the bark samples was done using an ASD HandHeld 2 Reflectance 

Spectrometer. First the instrument was referenced to both black and white, then optimized and 

calibrated. Once calibrated, each sample was measured 3 times for reflectance and averaged. 

Both the white outer bark and the inner green cork cambium layer of each sample was 

measured. The reflectance was measured on from 325nm to 1075nm wavelengths. Each 

spectra set was then merged and matched to its corresponding tree and bark type (white or 

green) and the data was plotted. Next, 2 NDVI and 2 mean reflectance values were calculated 

for each tree, one for the white bark and one for green. NDVI was calculated in R using the 

equation: 𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅−𝑅𝐸𝐷

𝑁𝐼𝑅+𝑅𝐸𝐷
. The wavelengths used in the calculation of NDVI were 700nm-

1075nm for NIR (near infrared), and 400nm-700nm for red wavelengths. Mean reflectance was 

also calculated by averaging the reflectance of all the wavelengths measured in a sample. 

 Once collected, all the data was entered into R for analysis. All variables were ran 

through a zero-hurdle regression model and a count regression model. The zero-hurdle 

regression model showed the relationships between the independent variables and if barking 

was present on a tree. If there was barking on a tree, the count regression model showed the 

relationships between the independent variables and the amount of barking on a tree.  Finally, 

each variable was plotted with bark scarring and visualized using a linear trend line.   

 



 

 

 

 

Results 

The Zero-Hurdle Model (table 3) showed no statistical significance (P<.05) in the relationship 

between any of the variables and the presence of barking. The closest variable to having 

significance was the NDVI of white bark (P=.07).  The other variable close to having significance 

in the Zero-Hurdle was slope (P=0.09).  

The Count Model (table 2) did show significance (P<.05) in the relationship between 4 of 

the independent variables and the amount of barking per tree. I found that more barking 

occurred on trees with higher DBH (p=6.16e-14)(Figure 2) and trees closer to open areas 

(p=0.003)(Figure 4). I also found significant correlations in the reflectance properties of the 

bark. Trees with higher white bark NDVI and mean reflectance values tended to have more 

baking (Figure 5, Figure 6).  

The plot (figure 2) of Diameter at Breast Height vs. the Amount of Bark Scarring 

(Barking) shows a slightly positive relationship, however the majority of barking instances 

appear to be toward the middle and lower end of DBH values. The plot (figure 3) of Slope vs. 

Amount of Bark Scarring (Barking) shows a negative slope with the majority of barking instances 

appear to be toward the middle range of slope values. The plot (figure 4) of Distance to Open 

Area vs. Amount of Bark Scarring (Barking) shows a slightly negative slope with many of the 

trees a distance of 0 to the nearest open area indicating they are positioned on the perimeter 



of the open area. The next plots (figure 5, figure 6) show the relationship between NDVI for 

white and green bark vs. the amount of barking on each tree. More barking appears to be 

concentrated on trees with lower (0.3-0.5) white bark NDVI and higher (0.6-0.8) green bark 

NDVI.  The last two figures (figure 7 and figure 8) show the plotting of the relationship between 

mean reflectance for white and green bark vs. the amount of barking on each tree. Both plots 

contain all of the trees in the reflectance range of 0.3-0.6. The elevation model shows a positive 

relationship between the amount of barking and the elevation of the tree in the Avery peak site 

and in both Deer Creek sites. However, the Judd Falls site shows a negative relationship.  

The overall reflectance data showed differences between the white bark and the green 

bark data, but overall had similar patterns (figure 9). Both white and green barks had high 

reflectance in the 300nm-400nm range. Then in the 400-600nm green bark has much higher 

reflectance. Both barks reflectance drops largely in the 600nm-700nm range, then rises very 

quickly to high levels in the 700nm-1100nm range. 

 

 

Discussion 

Summary  

Overall, ungulates tree selection was not influenced by the factors tested. However, some of 

the factors did influence how much bark was eaten on aspen trees. Ungulates tended to eat 

more bark on trees with larger diameters and trees closer to open areas. Amount of bark eaten 

was also influenced by bark reflectance properties. They ate more bark on trees with higher 

mean reflectance and NDVI values. Ungulates also tended to do slightly more barking on trees 



in higher elevations with the exception of the Judd Falls site. However, there is very weak 

evidence for this correlation.   

 

 

Abiotic Variables 

In the Zero-Hurdle Model, none of the abiotic factors had significance in their 

relationship with barking. Slope and the distance to open areas did not affect ungulates 

selection of which trees to feed on. Although more barking seemed to occur on intermediate 

slopes, this is probably just due to the fact that the study sites were set up on mostly 

intermediate slopes. This indicates that the ungulate tree selection is random or another 

variable that this study did not test, is a controlling factor.  Other abiotic factors that may affect 

tree selection could be proximity to water sources, soil substrates, and/or over-story coverage. 

Further research would be needed to test these potential factors. In the Count Model, only one 

of the abiotic factors, distance to open areas, had significance. The relationship was slightly 

negative meaning the closer a tree is from an open area (25m2 area with no trees larger than 

7cm DBH), the more bark is eaten. This indicates that when ungulates decide to feed on an 

aspens bark, the amount of bark that is eaten is correlated with how far that tree is from an 

open area. This is consistent with the hypothesis that trees that are closer to open areas will 

subject to more ungulate barking. This could be due to multiple factors. One may be due to 

ungulates preference for more open areas in the winter (Grover and Thompson 1986). More 

research is needed to confirm this notion. Because slope had no significance, the hypothesis 

that trees that are on a steeper slope will be subject to more ungulate barking, is rejected. The 



secondary factor of elevation was plotted against bark scarring and no statistical models were 

ran for the variable. This was due to the sample size and variation of elevation being too small. 

Although the plot shows a positive correlation between amount of barking and the elevation of 

the tree, more testing would have to be done to confirm this relationship.  

 

Biotic Variables 

Like the abiotic factors, in the Zero-Hurdle Model, none of the biotic factors had 

significance or a correlation with the presence of barking on a tree. However, white bark NDVI 

was fairly close to having significance with a P value of .07. A larger sample size may enable a 

more robust test for significance for this variable. If significance is later shown, the sign of the 

correlation between this variable and the presence of barking would be positive indicating that 

trees with higher white bark NDVI values are more likely to have ungulate herbivory present on 

their bark. This may be due to trees with higher NDVI values containing more bark chlorophyll 

and its accompanying sugars, and therefore being more nutritious to ungulates (Kufeld 1973). 

In the Count Model, 3 of the Biotic factors, DBH, white NDVI and white bark mean reflectance, 

showed significance and therefore correlations with the amount of barking. DBH had a positive 

correlation which is consistent with the hypothesis that trees with a larger DBH will be subject 

to more ungulate barking.  This is probably due to the simple fact that larger DBH trees have 

more surface area for barking. White bark NDVI also had a positive correlation with the amount 

of barking on a tree. This is consistent the hypothesis that trees with higher white bark NDVI 

will be subject to more ungulate barking. The reason for this correlation, as stated above, may 

be due to the fact that trees with higher NDVI values contain more bark chlorophyll and its 



accompanying sugars, and therefore being more nutritious to ungulates (Kufeld 1973). Along 

with white bark NDVI, white bark mean reflectance also had a positive correlation with the 

amount of barking. This disproves the hypothesis that trees with lower white bark mean 

reflectance will be subject to more ungulate barking. This may have to do with the white 

powder on the outermost layer of the bark. The powder is made of sloughed cork cambium 

cells and is highly reflective (Rabinowitz et al. 2015). I speculate there may be something in the 

powder that is beneficial to ungulates. Both hypotheses, that trees with higher green cork 

cambium NDVI will be subject to more ungulate barking, and that trees with lower green cork 

cambium NDVI will be subject to more ungulate barking, are rejected. There is no correlation 

between green bark reflectance properties and the presence or amount of barking. This is 

probably due to the fact that ungulates cannot see this layer of bark and therefore cannot 

select trees to feed on based on this factor.  

 

Overall reflectance 

The overall trend of reflectance follows what would be expected. The reflectance values 

for almost every tree jumps around 550nm and dips around 700nm. This is due to the bark 

containing high amounts of chlorophyll which is the pigment that reflects green light and 

absorbs red light (Kharouk et al. 1995).  Both bark types (white and green) reflected large 

amounts of near infrared light (NIR). This is probably due to the high amounts of water in the 

bark and waters NIR attenuating properties (Kharouk et al. 1995).  The major variation between 

the two bark types in the 400nm-700nm range is probably due to the white powder that resides 

on the outside of the bark. The powder has been found to be very reflective of many 



wavelengths of light (Rabinowitz et al. 2015). This would explain why white bark has a higher 

reflectance values in this range. 

 

 

Conclusions 

Ungulates did seem to select trees to bark based on the variables tested. However, they 

did tend to eat more bark on trees with larger diameters, trees closer to open areas, and trees 

with high mean reflectance and NDVI values. The findings of this study hopefully will help 

improve understanding of the ecological interactions taking place with these species. Based on 

my results, it is clear that more studies on this topic are needed to fully comprehend the factors 

that influence ungulate bark herbivory of the quaking aspen. Other herbivores and factors must 

be studied for their patterns and effects on aspen bark. Also, experiments with broader spatial 

scales and sample sizes may be able to conclude if these factors’ effects are continuous over 

large areas. I speculate that due to the quaking aspen clonal nature, findings in one area may be 

applicable to others. However, an explicit understanding how individual clones both repress 

and react to herbivory is imperative before looking deeper into these larger, spatial scopes. 

Studies like this one and the ones mentioned above are needed in order to produce efficient 

and effective management plans for not just the quaking aspen, but all species involved in 

these complex and intriguing interactions.  
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Figure 4: The Y axis shows area of barking vs. the distance from 
each tree to the nearest open area. Each point represents an 
individual tree. The colors correspond to the site number. 

Figure 3: The Y axis shows area of barking and the X axis 
shows the slope of each tree. Each point represents an 
individual tree. The colors correspond to the site number 

Figure 2: The Y axis shows cm2 of barking vs DBH of each tree. 
Each point represents an individual tree. The colors correspond 
to the site number. 

Figure 1: Map of study sites near Gothic, CO 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 7 (left) and Figure 8 (right): The Y axes show area of barking vs. mean reflectance of each 
tree. Each point represents an individual tree. The colors correspond to the site number. 

Figure 5 (Left) and Figure 6 (right): The Y axes show area of barking vs. NDVI of each 
tree. Each point represents an individual tree. The colors correspond to the site number. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
Tables 
 

 
Table 2 (left) and Table 3 (right) show the Count model and Zero-Hurdle model. P Value indicates significance, Estimate indicates 
weather the correlation is positive or negative, and the Standard Error shows the amount of error the Estimate could be off by. 

 

 

Count Model Estimate Standard Error  Z value P value 

DBH 0.014969 0.0019951 7.505 6.16e-14 

Slope 0.002188 0.001945 1.125 0.26069 

Distance to Open 

Area 

-0.026114 0.008763 -2.980 0.00288 

NDVI White 1.131075 0.216996 5.212 1.86e-07 

NDVI Green 0.266390 0.185014 1.440 0.14991 

Mean Reflectance 

White 

1.310327 0.406217 3.226 0.00126 

Mean Reflectance 

Green 

-0.779325 0.502869 -1.550 0.12120 

Zero-Hurdle Model Estimate Standard Error  Z value P value 

DBH 0.02196  0.02086  1.052  0.2926   

Slope -0.03406     0.02013   1.692    0.0906 

Distance to Open 

Area 

-0.13000     0.08347  -1.557    0.1194 

NDVI White 3.72238     2.06097    1.806    0.0709 

NDVI Green 2.18172     2.13165   1.023    0.3061 

Mean Reflectance 

White 

 2.03965     3.72058    0.548    0.5836 

Mean Reflectance 

Green 

-0.74716  5.19423   -0.144  0.8856  

Figure 10: The Y axis shows reflectance from 0-1 (0%-100%) 
and X axis shows wavelengths from 350nm-1075nm. The green 
indicates green bark and the grey indicates white bark.  

Figure 9: Y axis represents area of barking and X 
axis represents elevation of the tree. A trend line is 
show for each study site 


