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Alpine treeline has long been used as a proxy for global 
change. Past treeline research has primarily attributed 
conifer invasion of subalpine meadows and alpine tundra 
to climate variability. Despite the strong control of macro-
scale climate on treeline location, many micro-scale 
factors have been shown to influence treeline pattern and 
process (Butler et al. 2007). Micro-scale sites disturbed by 
animal activity in mountainous regions have experienced 
altered soil characteristics (Butler and Butler in press) and 
altered vegetation structure (Sherrod  and Seastedt 
2001). Northern pocket gophers (Thomomys talpoides) in 
Glacier National Park have created a network of mounds 
and eskers in subalpine meadows that may contain 
dissimilar soil characteristics from the surrounding matrix. 
Past pocket gopher research has been shown to be 
damaging to saplings and juvenile trees (Schütz 2005) yet 
field observations from Glacier National Park appear to 
show preferential establishment of young seedlings in 
disturbed areas. Variations in surface and subsurface 
temperature may be responsible for seedling 
establishment on disturbed gopher eskers as opposed to 
undisturbed areas. The research objective of this study is 
to analyze temperature differences associated with soil 
compaction between disturbed and undisturbed gopher 
areas in an attempt to better explain conifer 
establishment in subalpine meadows. 

Gopher activity where subalpine fir (Abies lasiocarpa) 
seedlings were present was evaluated in a subalpine 
meadow undergoing conifer invasion. Soil temperature of 
gopher eskers was recorded at surface and subsurface 
(depth of 10 cm) levels.  The same sampling method was 
employed to obtain soil temperature in undisturbed areas 
adjacent to eskers. A soil penetrometer was used to 
assess soil compaction on eskers and undisturbed areas. 
Triplicate penetrometer measurements were recorded in 
conjunction with surface temperature readings. T-tests 
and ANOVA were utilized to determine if surface and 
subsurface temperatures were significantly different on 
eskers and undisturbed areas. Penetrometer 
measurements were also used to assess the impact of 
gopher activity on possible seedling locations.  
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Figure 1.   Location of study site in Glacier National Park, MT

Figure 2.   Extensive gopher activity in a subalpine meadow in
Glacier National Park

Figure 3.   Soil texture of gopher eskers and subalpine fir seedlings growing
on eskers

RESULTS

CONCLUSIONS
Despite past research showing gopher activity to be 
damaging to young trees, variations in surface/subsurface 
temperature and differences in soil compaction may be 
beneficial to seedlings and facilitate establishment in 
areas of gopher activity when compared to undisturbed 
regions. Although visual analysis demonstrates the 
preferential growth of seedlings in disturbed areas, more 
analysis is needed to evaluate the impact of gophers on 
seedling root systems. 
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Figure 4.   Collection of temperature and penetrometer readings
on a gopher esker

Temperature readings on the surface of gopher eskers 
revealed significantly higher temperatures (p<.001) than 
subsurface esker temperatures.  Similar findings revealed 
significant differences (p<.001) in surface and subsurface 
temperatures in undisturbed areas. Further analysis 
identified that the interaction between 
disturbed/undisturbed areas and surface/subsurface 
locations had a significant effect (p<.001) on soil 
temperature. Surface temperatures associated with 
gopher activity were significantly warmer than surface 
temperatures in undisturbed sites. Elevated temperatures 
on gopher eskers may be a result of increased surface 
area of soil due to bioturbation. Penetrometer data 
revealed that soil compaction of gopher eskers was more 
homogenous (sd. esker = .131, sd. undisturbed = .257) 
and significantly less compact (p=.042) than undisturbed 
locations.  A weak inverse relationship (R= -.234) existed 
between soil compaction and temperature suggesting 
that less compacted areas produced higher surface 
temperatures. 


