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Spatial variations in soil compaction may 

determine where tree seedlings become 

established in alpine meadows and tundra 

undergoing climatic change in the Rocky 

Mountains.  Digging by gophers disturbs near-

surface soils, deposits sediment in mounds 

and “eskers” in non-uniform surface patterns, 

and affects surface penetrability of soils at 

alpine treeline.  We measured soil compaction 

at three sites in the Culebra Range of 

southern Colorado.  At these three sites, we 

took penetrometer measurements on thirty 

gopher mounds, thirty gopher “eskers” that 

represent redistributed soil deposited in snow 

tunnels during winter, and thirty adjacent 

surfaces not affected by gopher digging and 

sediment redistribution.  We took triplicate 

penetrometer measurements at each of the 

thirty mounds, eskers, and unaffected 

locations at each of our three study sites, and 

averaged the three measurements.  We 

subsequently calculated the mean of these 

thirty means for the three sample types at 

each of the three sites.  T tests and ANOVA 

were employed to determine if the soil 

compaction measures were statistically 

significantly different among the three sites, 

and among the three sample types.  Eskers 

and mounds were significantly less compacted 

than surface samples taken from locations 

unaffected by gopher digging, and not 

significantly different from each other.  Gopher 

sediment redistribution produces lower 

surface compaction at treeline.  This looser 

soil provides sites amenable for tree seedling 

establishment at treeline and in alpine 

meadows.

Study Sites, Culebra Range,

Southern Colorado

Upper Arrow, Site 1; Lower Arrow, 

Sites 2 and 3

Site 1, above; Site 2, below, looking 

across site with West Spanish Peak in 

distance

Site 3, below, indicated by arrow, 

viewed from Site 2

Site 1 Site 2 Site 3 Mean

Esker 0.48 1.48 2.18 1.38

Mound 0.41 2.04 1.89 1.45

Undisturbed 1.81 3.42 3.27 2.83

Study Site Characteristics

Slope Aspect Elevation (m)

Site 1        7            310             3,193

Site 2        5            265             3,316

Site 3        5            090             3,277

Soil Compaction Data, kg cm-2

Typical gopher bioturbation with 

mounds and “eskers”, Site 3, below

Gopher eskers at Site 1, below

Complex eskers at Site 1 in 2005, 

below; by 2008, these eskers had 

“decomposed” into loose sediment

Typical gopher mounds at Site 3, 

below
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