
 

 

 

 

WESTERN COLORADO UNIVERSITY 

 

 

        

The Thesis Committee for the Graduate Program in MS in Ecology 

 

Certifies that this is the approved version of the following thesis: 

 

 

 

Rock Climbing Impact on Soil Properties and Invasive Plant Species in the Gunnison Valley, 

Colorado 

 

by 

 

Rhyann Lowrey 

 

 

APPROVED BY 
             

 

______________________________  

Jennie DeMarco, Thesis Advisor 

 

 

____________________________  

Jennie DeMarco, Program Director 

 

 

______________________________ 

John Hausdoeffer, Dean, School of Environment 

     And Sustainability 

 

   ____06/16/2021____________ 

      Date 



 1 

 

 

 

 

 

Rock Climbing Impact on Soil Properties and Invasive Plant Species in the Gunnison 

Valley, Colorado 

 

 

by 

 

Rhyann Lowrey, B.S. 

 

 

 

 

Thesis 

 

Presented to the Faculty of MS in Ecology  

 

Western Colorado University 

 

in Partial Fulfillment of the for the Degree of  

 

Master of Science 

 

 

 

 

 

Western Colorado University 

 

Gunnison, Colorado 

 

2021 

 

  



 2 

Rock Climbing Impact on Soil Properties and Invasive Plant Species in the Gunnison 

Valley, Colorado  

 

Rhyann Lowrey 

 

Abstract  

 

The sport of rock climbing is growing at a fast rate, roughly 13 percent per year (NPD 

Group 2017), and as these new climbers venture outside, the potential to negatively impact the 

health of ecosystems increases. This impact can come in the form of damage to native vegetation 

and soils, but the extent to which is relatively unknown. My thesis project quantifies rock 

climbing impacts on the base of cliff areas by studying 1) native vs. non-native vegetation 

composition and cover aboveground and in the soil seed bank, and 2) general soil health such as 

gravimetric moisture and bulk density in climbed and adjacent undisturbed areas. These 

objectives were addressed in areas with rock climbing impact and ecosystems particularly 

sensitive to disturbance, the sagebrush steppe and mid-elevation forests of Colorado (US EPA 

2015). As the sport of rock climbing grows, the need for scientific research grows as well. The 

results of this study suggest that rock climbing traffic to climbed cliff base areas has a strong 

negative effect on graminoid and shrub presence. In addition, areas disturbed by rock climbing 

traffic also have a significant impact on soil bulk density and seed bank growth potential. There 

is no significant influence of rock climbing disturbance on non-native vegetation percent 

composition aboveground, but there was a significant difference in germination of non-native 

and native species in disturbed transects’ soil seed bank in comparison to undisturbed transects. 

The goal for my thesis project is to increase ecological knowledge of rock climbing impact and 

to share and publish this information. Using this research, mitigation plans for rock climbing 

areas can be based on science, creating sustainable recreation areas for future generations to 

enjoy.  

 

Background 

 

Outdoor Recreation 

Outdoor recreation is becoming a large part of life in the United States, with 146.1 

million Americans participating in at least one outdoor activity in 2017 (“Outdoor Participation 

Report” 2018). In fact, the outdoor recreation industry in 2017 accounted for 2.2 percent of the 

U.S. current-dollar gross domestic product (“Outdoor Recreation Satellite Account, U.S. and 
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Prototype for States, 2017” 2019). Not only is the outdoor recreation industry popular, but it is 

also growing. The outdoor recreation economy grew faster than the U.S. economy as a whole in 

2017, with 3.9 percent growth (“Outdoor Recreation Satellite Account, U.S. and Prototype for 

States, 2017” 2019). The sport of rock climbing is growing along with the outdoor recreation 

industry. Over 5 million Americans participated in indoor rock climbing in 2017, with many of 

these individuals venturing out of the gym to try the sport outside (“Outdoor Participation 

Report” 2018). In addition, 50 new climbing gyms opened up in the United States in 2018, a 

growth rate of 11.87 percent (Burgman 2019). With more people enjoying the outdoors in the 

U.S. each year, more impact occurs on the natural world. Outdoor recreational activities can have 

a negative impact on the health of ecosystems, and in particular rock climbing has the potential 

to damage fragile native vegetation and soils and disturb wildlife. What is the extent of this 

harm? 

 

Current Research 

 Currently, most ecological research conducted in climbing areas has been on the impact 

of climbing on cliff vegetation. In Joshua Tree National Park, a study compared cliffs used for 

rock climbing versus cliffs not used and found that plant species richness on both cliff faces and 

the base of cliffs was greater for cliffs with no climbing than for cliffs with intensive climbing 

use (Camp and Knight 1998a). The number of individual plants also decreased with increased 

climbing use (Camp and Knight 1998a). In the cliff systems of Minnesota, a study of major local 

plant taxa found that total plant cover was significantly lower in climbed areas, and frequencies 

of most taxa were lower in climbed areas, although not significantly so (Farris 1998).  

Furthermore, vascular plant species density and lichen species richness were significantly 

lower in climbed areas versus unclimbed areas, in a study of the Niagara Escarpment of Ontario, 

Canada (McMillan and Larson 2002).  Eastern white cedar trees in this area have reduced 

numbers of older and younger age classes in climbed areas compared to unclimbed areas (Kelly 

and Larson 1997). This eastern white cedar harm is concerning, as some individual trees are over 

1000 years old, and a higher percentage of  human-caused damage was reported in climbing 

areas (Kelly and Larson 1997). In addition, a study of the limestone cliffs of the Swiss Jura 

mountains found that cover and species density of vascular plants was reduced in climbing areas 

(Rusterholz et al. 2004). Rock climbing also caused a significant shift in plant species 

composition, as well as altered the proportions of different plant life forms, suggesting threats to 
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native plant communities (Rusterholz et al. 2004). However, not all rock climbing specific 

studies have found that climbing alters cliff plant communities (Baur et al. 2017, Boggess et al. 

2017). Varied results could result from factors such as natural vegetation variation by site or 

infrequent climbing use (Boggess et al. 2017, Harrison 2020).  

There is also evidence for negative impact from rock climbing on wildlife. The land snail 

communities of the Niagara Escarpment had lower density, richness, and diversity in climbed 

areas in comparison to unclimbed areas (McMillan et al. 2003). In Europe, Peregrine falcon 

(Falco peregrinus) breeding success and productivity were lower for nesting sites on cliffs 

frequented by climbers in comparison to nesting sites on unclimbed cliffs (Brambilla et al. 2004). 

Bird communities in Joshua Tree National Park are proposed to be disturbed by rock climbing 

activity. In a study of cliff nesting birds in the area, birds were more likely to be seen away from 

cliff faces at popular climbing cliffs (Camp and Knight 1998b). These birds were likely to be 

detected near cliff faces or perching on the face of cliffs in unclimbed stretches (Camp and 

Knight 1998b). However, in a study of small-footed bats in the eastern United States, activity did 

not differ between climbed and unclimbed cliffs that the bats used as habitat (Loeb and Jodice 

2018). In the Loeb and Jodice (2018) study, bat species richness also did not differ between 

climbed and unclimbed areas.  

There are gaps in the current ecological research surrounding the impact that the sport of 

rock climbing has on ecological systems. In regard to vegetation, most of the research has 

focused on impacts on the cliff itself and not on base areas. One of the few studies of cliff base 

impacts found that long-term trampling at the base of cliffs in the Swiss mountains reduced total 

aboveground vegetation cover and shifted the plant species composition (Rusterholz et al. 2011). 

Moreover, total seed density was lower, and seeds of ruderal and unintentionally introduced 

species were more common in the disturbed areas which were frequented by climbers 

(Rusterholz et al. 2011). Seed dispersal is likely heightened by climbers (Vogler and Reisch 

2011). There is also little research on the impacts of climbing areas on invasive plant species. In 

a 2016 plant assessment report of Devils Tower National Monument, Wyoming, invasive 

species, particularly cheatgrass, were found on the summit of the tower, with a higher prevalence 

in rock climbing trafficked areas (Marriott and Mayer 2016).  
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Non-native Plants  

 Invasive plant species are a concern all over the world, as they often overtake native 

species and therefore create a loss of biodiversity (Getz and Baker 2008). In the U.S., cheatgrass 

(Bromus tectorum) is of large concern (Fig. 1), as it has achieved dominance in the 

intermountain west and has been reported even in some eastern states (EDDMapS n.d., Smith et 

al. 2008). Cheatgrass or Downy brome, is an invasive annual grass native to southern Europe, 

northern Africa, and southwestern Asia (Staver 2004). Cheatgrass can be found among a variety 

of plant communities and elevations, but has most affected the sagebrush, pinyon-juniper, and 

salt-desert communities of the western United States (Schupp n.d.), and dominates well over 7 x 

106 ha of this terrain (Belnap et al. 2005). The affinity of cheatgrass for soil disturbance is of 

great concern, especially considering the possibility of rock climbing recreation disturbance to 

soils of route base areas. Cheatgrass depletes soil moisture and increases the incidence of 

wildfires, further perpetuating dominance and pure stands of the annual grass (Whisenant 1990, 

Smith et al. 2008).  In a review of cheatgrass’ effect on cattle grazing, it was reported that even 

the slight disturbance of rodents was enough to perpetuate cheatgrass in the range community 

(Young et al. 1987). Cheatgrass begins growth from fall to early spring depending on winter 

weather, earlier than most native perennials, and is an abundant seed producer contributing to 

both a transient and persistent seed bank (Smith et al. 2008). Seeds are dormant at dispersal and 

proceed to lose this dormancy through dry after-ripening under summer conditions (Smith et al. 

2008). Therefore, cheatgrass seeds experience germination once exposed to autumn rains and 

early spring snow melt (Beckstead et al. 2007). Naturally dispersed seeds of cheatgrass do not 

persist beyond one year (Smith et al. 2008). Due to cheatgrass’ tendency to thrive in disturbed 

areas, there is a potential of cheatgrass spread in rock climbing areas.  

 Other non-native plant species common in the Gunnison Valley include scentless 

chamomile (Matricaria perforata), common dandelion (Taraxacum officinale) and crested 

wheatgrass (Agropyron cristatum). Scentless chamomile, an introduced annual weed that exists 

perennially at higher elevations, prospers under high soil moisture and poorly drained soils 

(Blackshaw and Harker 1997, Woo et al. 2011). Creating a large soil seed bank, scentless 

chamomile reproduces entirely by seed, producing up to 1.8 million seeds per m2 in dense stands, 

and is a serious competitor to native species (Woo et al. 2011). Common dandelion, also 

introduced to the Gunnison Valley, is a perennial herbaceous plant that produces abundant seeds 
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with a large dispersal range (Honek et al. 2005). Established seedlings from a seed bank or 

dispersed seeds entering the soil is rare, as common dandelion seeds have high predation rates 

(Honek et al. 2005). Common dandelion germinates under a large variety of conditions in 

predominately grassy areas, from ruderal zones to roadsides (Stewart-Wade et al. 2011). Crested 

wheatgrass, a persistent, perennial, cold and drought-tolerant grass was introduced to the United 

States and Canada as forage from its native Siberia (Rogler and Lorenz 1983). The plant grows 

in many soil types, from sandy loams to clays, becomes dormant in hot, dry weather, and 

demonstrates persistence under disturbance (Rogler and Lorenz 1983). While beneficial for 

livestock feed, crested wheatgrass can push out native grass species. However, there is evidence 

that crested wheatgrass can resist cheatgrass competition, therefore giving a strong competitive 

advantage in cheatgrass management (Sharp et al. n.d.).  

 

Impact on Soils  

 While there has been no specific study on soils in rock climbing areas, there is support 

that outdoor recreation has an effect on soils. Human trampling from recreation has a direct 

effect on soil compaction as well as exposure and displacement of soil particles (Monz et al. 

2010). While soil compaction is typically increased in recreation areas, bulk density values 

differ. In a comparison study of recreation areas in Turkey, soil bulk density was slightly lower 

in recreation areas, an unexpected result (Ozturk and Bolat 2014). Soil bulk density was also 

found to be slightly lower in recreation areas in comparison to undisturbed forest sites in an 

additional Turkish report (Özcan et al. 2013). In contrast, a separate study found that bulk 

density significantly increased and total soil porosity decreased in moderately and highly 

trafficked recreation areas in comparison to undisturbed areas (Yüksek 2009). Overall, more 

research is needed on the direct effects of human trampling and recreation on soil properties.  

 

Climbing Impacts in the Gunnison Valley 

 My research focuses on the sagebrush steppe and mid-elevation forests of the Gunnison 

Valley, Colorado, where rock climbing has a potential high impact, and the ecosystems are 

particularly sensitive to disturbance. The Gunnison Valley, which includes the towns of 

Gunnison, Almont, Crested Butte, and Mount Crested Butte, lies on the western slope of the 

Rocky Mountains in southwest Colorado. The area has multiple popular granite climbing 
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destinations. The greater Gunnison area has 645 climbing routes, according to Mountain Project, 

a popular climbing website run by outdoor retailer REI (“Climbing in Gunnison” 2020). This 

area has reported cheatgrass presence according to EDDMapS, (Fig. 2;  "Cheatgrass (Bromus 

tectorum)" 2020), is locally connected to Western Colorado University, and has potential for 

climbing impact. The areas of Hartman Rocks and Taylor Canyon were study sites for this 

research.  

As outdoor recreation and the sport of rock climbing grow in the United States, the need 

to research impact to the natural world grows as well. The research objectives of my study are to 

quantify rock climbing impacts on the base of cliff areas by studying 1) native vs. non-native 

vegetation composition and abundance aboveground and in the soil seed bank, and 2) general 

soil health such as gravimetric moisture and bulk density in climbed and adjacent undisturbed 

areas. I expect that climbing areas will have more non-native plant species aboveground and in 

the soil seed bank, decreased soil moisture, and increased bulk density in comparison to 

undisturbed areas. The future of rock climbing areas depends on mitigation based on science, and 

it’s time that rock climbers and outdoor recreators work together with ecologists as teammates to 

protect beautiful ecosystems that can withstand sustainable recreation for generations.  

 

Methodology 

Study Sites 

 The Gunnison Valley, Colorado has an elevation between 2,300-2,800 meters, and 

encompasses both alfisol and mollisol soil orders (Panagos et al. 2011). In the city of Gunnison, 

at the south end of the valley, the mean annual temperature (MAT) ranges between -22 ºC to 26 

ºC, with a mean annual rainfall of 27 cm and mean annual snowfall of 114 cm (“U.S. Climate 

Data, Gunnison” 2020). In the town of Crested Butte, at the north end, the MAT ranges between 

-22 ºC to 24 ºC, with a mean rainfall of 61 cm and a mean snowfall of 551 cm (“Weather 

averages, Crested Butte, Colorado" 2020). 

I selected two individual sites in the Gunnison Valley to measure aboveground vegetation 

composition, soil health, and evaluate the soil seed bank. The sites are Hartman Rocks and 

Taylor Canyon (Fig. 3). Eight climbing cliffs were selected and assessed at Hartman Rocks and 

ten were selected and assessed at Taylor Canyon. I placed transects 0.5 m from the base of each 

climbed cliff to represent climbing disturbed areas. Adjacent transects were also placed 10 to 15 
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m out from the disturbed transects to represent undisturbed control areas. In total, 36 transects 

were placed and 18 climbing cliffs were studied.  

The climbed cliffs were chosen at random using the random selection site 

randomresult.com from recorded routes in the guide book Gunnison Rock (Malloy 2007) (Table 

1). All traditional and sport routes between the climbing grades of 5.0 and 5.11a (beginner 

through intermediate) were included, and bouldering problems were not included. This was to 

ensure more consistent usage, as more advanced and expect level climbs draw fewer users. 

Bouldering problems were not included due to variation of impact from required mats for fall 

protection. Routes with additional letter ratings PG, PG13, R, and X were not counted, as they 

also draw fewer users due to being more advanced. For the routes selected from the Malloy 

guide, only three star rated routes (from a scale of zero to three) were used for random selection. 

This insures popularity and increased climbing usage versus other cliffs in the area. The cliffs 

surveyed in Taylor Canyon had a southern aspect, and the cliffs in Hartman Rocks had south, 

southeast, and southwest aspects. I collected field data 48 hours after the most recent rain event 

to account for differences in soil moisture.  

 

Aboveground Vegetation  

To examine the impact of rock climbing on aboveground vegetation composition and 

species abundance, I used the line point intercept method to assess vegetation cover and 

composition (Godínez-Alvarez et al. 2009). Briefly, I ran a 10 m transect parallel to the cliff, at a 

distance of 0.5 m from the cliff base (Rusterholz et al. 2011). Beginning at 0.2 m on the transect 

line, I dropped a pin flag, less than 1 mm in diameter, 25 cm from the ground, every 0.2 m on the 

transect line (Herrick et al. 2005; Fig.4). At each dropped pin location, vegetation presence, 

species, number of hits of each species, and groundcover was recorded. This resulted in 50 

dropped pin locations per transect. All live plant species that contacted the pin were recorded as 

hits (Godínez-Alvarez et al. 2009). The ground cover was recorded as rock, litter, lichen, moss, 

or bare soil (Herrick et al. 2005).  

 

Soil Health  

 Soil samples were collected every 5 m along the 10 m transect line, at 0, 5, and 10 m 

using a 5 cm diameter cylinder to a 5 cm depth, resulting in a soil volume of 100 cm3 (Rusterholz 
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et al. 2011). The three soil core samples from each transect were pooled together for analysis, 

resulting in one soil sample per transect for a total of 36 samples. Soil health properties including 

mass, gravimetric moisture, and bulk density were measured from the collected soil samples.  

The entire sample was weighed to get the bulk soil weight prior to sieving. Soils were 

then sieved with a 2 mm sieve to remove rocks and roots. Organic matter >2 mm was considered 

coarse fraction and was weighed and recorded after drying in a 65 ºC oven for a minimum of 48 

hours. The volume of rocks and stones was determined through displacement. Finally, the post-

sieved soil was weighed and recorded. All subsequential soil analyses were done using the less 

than 2 mm soil.  

 Gravimetric soil moisture was measured by drying 5 grams of soil in a 105 ºC oven for a 

minimum of 48 hours. Soil moisture (percent of dry weight) was calculated using the following 

equation, accounting for the weight of the tin: 

% 𝑠𝑜𝑖𝑙 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 = 100 ×  {(𝑤𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡) ÷ (𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡)} 

 

Using the gravimetric soil measurements and core volume from the soil corer (subtracting rock 

volume), bulk density was also calculated using the equation:  

𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑔 𝑐𝑚3⁄ ) = 𝑂𝐷𝐸 𝑏𝑢𝑙𝑘 𝑠𝑜𝑖𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) ÷ 𝑐𝑜𝑟𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑐𝑚3) 

 

Oven dry equivalent (ODE) was calculated using: 

𝑂𝐷𝐸 = 𝑚𝑜𝑖𝑠𝑡 𝑠𝑜𝑖𝑙 𝑏𝑢𝑙𝑘 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) × % 𝑠𝑜𝑖𝑙 (𝑠𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

÷ 𝑠𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡) 

Soil Seed Bank  

To determine potential for cheatgrass and other non-native species growth, I examined 

the soil seed bank from soil collected at the base of the climbed cliffs and their undisturbed 

counterparts. For the seed bank analysis, the seedling-emergence method of Ter Heerdt was used 

(Heerdt et al. 1996). Post-sieved soils were stored in the dark at 4ºC until lab analysis was 

possible (Rusterholz et al. 2011). The samples were washed through a 2 mm sieve, and then 

poured onto a 3 cm thick layer of steam-sterilized potting soil, resulting in approximately a 1-2 

mm thick layer on top, in 55 x 35 cm seed trays for greenhouse cultivation (Heerdt et al. 1996, 

Rusterholz et al. 2011). The potting soil was steam-sterilized in an autoclave for 30 minutes. Six 

seed trays filled with only sterilized potting soil served as control (Rusterholz et al. 2011). Trays 
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were exposed to 24-hour artificial light as well as daily sunlight.  Trays were watered every other 

day, and the trays were rotated once weekly to avoid differences in sunlight exposure 

(Rusterholz et al. 2011). Seedlings were counted and removed as soon as they were able to be 

identified. After a four-week period with no new seedling emergence, the remaining seedlings 

were counted and removed.  

 

Data Analysis  

 For all graphing and statistical analysis, R Studio software (R Core Team, Version 

1.4.1106, 2021, Vienna, Austria) was used. Analysis of variance (ANOVA) was used to examine 

the effects of disturbance and site on gravimetric soil moisture and soil bulk density. Both the 

main effects of site and disturbance and the interaction between the two effects were tested. If 

necessary, data were log-transformed to obtain normal distribution. Tukey post-hoc tests were 

used to test multiple comparison between sites and treatments.  

Negative binomial regression analysis was applied to test the effects of disturbance via 

rock climbing on native and non-native plant species and plant functional groups. This negative 

binomial regression was also applied to greenhouse seedling-emergence data, where disturbance 

effect on seedlings germination, individual species percent germination, and site were analyzed. 

Exploratory analyses indicated a modest Akaike Information Criterion (AIC) as well as a large 

mean to variance ratio, suggesting that the negative binomial regression model had more support 

than corresponding Poisson models (Lardner et al. 2015).  

 

Results 

Aboveground Vegetation 

 A total of 27 plant species was recorded at the base of 18 climbing cliffs and 18 

undisturbed areas (Table 2). Of these 27 species, four were non-native, including cheatgrass 

(Bromus tectorum), common dandelion (Taraxacum officinale), crested wheatgrass (Agropyron 

cristatum), and scentless chamomile (Matricaria perforata) (Fig. 5). Of the non-native species, 

Bromus tectorum had the highest percent composition across all treatments, 23.88 ±SE 6.83 in 

Taylor Canyon, and 5.95 ±SE 3.78 in Hartman Rocks (Table 2). In total, 15 plant species were 

recorded in Taylor Canyon. Bromus marginatus, a native graminoid, was the most common 

species in Taylor Canyon (29.62 ±SE 7.80). Litter was the most frequent groundcover (59.4% 
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±SD 0.62) across of all Taylor Canyon transects. A total of 12 plant species were recorded in 

Hartman Rocks. The most common species documented in Hartman Rocks was Cercocarpus 

montanus, a native shrub (28.27 ±SE 7.91) . Bare soil in Hartman Rocks was the most common 

groundcover at 48.6% ±SD 0.76 across all transects. 

Combining the data from both sites, there was significant difference in percent 

composition of graminoid and shrub functional groups in disturbed versus undisturbed areas 

(Table 3). Graminoids had higher percent composition in disturbed transects while shrubs had 

higher percent composition in undisturbed transects (Fig. 6). There was no significant difference 

in the presence of non-native plant species between disturbed and undisturbed transects (z score 

= -0.41, P = 0.68) (Fig. 7). In addition, there was no significant difference in total species 

composition aboveground between disturbed and undisturbed areas (Table 3). 

 

Soil Health 

 In Taylor Canyon, mean ± SE soil bulk density (g/cm3) in disturbed transects was 2.05 

g/cm3 ± 0.14, and 2.53 g/cm3 ± 0.20 in undisturbed transects. The bulk density in soils from 

Hartman Rocks was lower than Taylor Canyon with a mean bulk density in disturbed transects of 

1.31 g/cm3 ± 0.25, and undisturbed transects measured at 1.81 g/cm3 ± 0.32. Two-way ANOVA 

analyses showed a significant effect of disturbance (F1, 2.1=4.66, p = 0.04) and site (F1, 4.7=10.46, 

p < 0.01; Fig. 8) on bulk density. The interaction between disturbance and site was not 

significant (F1,0.002 = 0.003, p = 0.95). 

 In Taylor Canyon, mean ± SE gravimetric soil moisture (percent of dry weight (g) was 

4.63% ± 0.80, and 7.02% ± 1.54 in disturbed and undisturbed transects, respectively. 

Gravimetric soil moisture in Hartman Rocks disturbed areas had a mean 7.98% ± 3.52, and 

2.41% ± 0.71in undisturbed transects. Two-way ANOVA analyses showed no influence of site 

(F1, 32 = 3.4, p = 0.07) or disturbance (F1, 32 = 0.06, p = 0.8) on gravimetric soil moisture. The 

interaction was not significant (F1, 2.2 =2.92, p = 0.09). 

 

Soil Seed Bank 

Each transect’s pooled soil samples were placed into one greenhouse tray. Therefore, one 

tray is equal to one transect. 16 out of 20 transect trays in Taylor Canyon and 9 out of 16 

Hartman Rocks transect trays grew seedlings. All six control trays for both sites had no 
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germination. Three forb species remain unidentified due to the individual seedlings dying before 

flowering at the later stages of the seedling-emergence study. There was no significant influence 

of site on seedling germination (z score = 0, p = 0.99). There was significance in disturbed 

transects’ seedling percent germination (z score = -2.72, p < 0.01). All plant species in the 

seedling-emergence study were analyzed individually, resulting in percent germination of each 

species being greater in disturbed trays versus undisturbed trays (Table 4). Species seedling 

percent germination mean and standard error were calculated for native, non-native, and 

unknown species with combined data from both sites (Table 4). The species with the most 

germination include Unknown 1 (2.93 ±SE 2.60) and Unknown 3 (2.40 ±SE 1.38), while the 

species with the least germination was the non-native scentless chamomile (0.07 ±SE 0.07). The 

non-native species with the highest percent germination was cheatgrass (1.56 ±SE 0.69).  

 

Discussion 

The goal of this study was to quantify rock climbing impacts on the base of cliff areas by 

studying 1) native vs. non-native vegetation composition aboveground and in the soil seed bank, 

and 2) general soil health such as gravimetric moisture and bulk density in climbed and adjacent 

undisturbed areas. The results of this study suggest that rock climbing traffic to climbed cliff 

base areas has a strong negative effect on graminoid and shrub presence in the Gunnison Valley, 

Colorado. There is no significant influence of rock climbing disturbance on non-native 

vegetation percent composition, but there was a significant difference in germination of non-

native and native species in disturbed transects’ soil seed bank in comparison to undisturbed 

transects. In addition, areas disturbed by rock climbing also have a significant impact on soil 

bulk density, which was lower in disturbed areas, and seed bank growth potential, which was 

greater in disturbed areas. 

 

Aboveground Vegetation  

Long-term trampling at rock climbing sites has been shown to reduce total aboveground 

vegetation cover and shift plant species composition (Rusterholz et al. 2011). However, I found 

no difference in species composition between disturbed rock climbing areas and adjacent 

undisturbed areas. The Rusterholz et al. (2011) study was conducted in sub-alpine forests of 

Switzerland, an area with higher annual precipitation and different plant community than the 
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Gunnison Valley. In addition, the areas studied by Rusterholz et al. (2011) have much higher 

rates rock climbing traffic than that of Taylor Canyon and Hartman Rocks, Colorado. I also 

found that graminoids had higher percent composition in disturbed transects while shrubs had 

higher percent composition in undisturbed transects. This could be due to both graminoids and 

shrubs being a more common functional group in the sagebrush steppe and mid-elevation forest 

ecosystems studied, in comparison to the sub-alpine forests of the Rusterholz et al. (2011) study.  

Although little research has been done on non-native plant species in rock climbing areas, 

a USDA statement of Devils Tower National Monument, Wyoming, did report higher prevalence 

of invasive species in heavily trafficked rock climbing areas (Marriott and Mayer 2016). Devils 

Tower encompasses a mid-elevation forest ecosystem, similar to that of Taylor Canyon, 

Colorado. In comparison, the present study found that combined site data did not reveal the same 

pattern. While non-natives are a threat to rock climbing areas, as well as the entire intermountain 

west of the United States (Smith et al. 2008), this study did not show that climbing areas had a 

greater number of non-natives. It is possible that the level of disturbance in the Gunnison Valley 

is not enough to significantly impact vegetation. In addition, since vegetation growth is generally 

low in the studied area, a large difference in climbed versus unclimbed areas may not be 

apparent. Degree of disturbance has been shown to affect the direction of plant community 

succession in sagebrush steppe ecosystems, resulting in different plant communities overtime 

(McLendon and Redente 1990). Restoration of native understory in sagebrush habitat also 

suggests slowed rate of sagebrush loss (Hemstrom et al. 2002). Other research of mid-elevation 

forests, like that of Taylor Canyon, revealed that human-caused disturbance had a greater 

influence on shrub species than dominant tree species (Kumar and Ram 2005). The results of the 

Kumar and Ram (2005) study are similar to what was found in my research. 

 

Soil Health 

Bulk density results showed a significant difference between sites and was significantly 

lower in disturbed areas. Soil bulk density results remained consistent with previous studies of 

bulk density impact from outdoor recreation; that bulk density measurements were lower at 

disturbed sites in comparison to undisturbed (Özcan et al. 2013, Ozturk and Bolat 2014). Lower 

bulk density at disturbed sites could be due to the soil type in the Gunnison Valley being sandy 

and quite dry, with very little clay content. This could possibly contribute to lower rates of 
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compaction over time. Most of the literature on soil compaction of sandy versus clay soils has 

been done on the logging industry. While soils with higher clay content tend to have higher 

compaction and bulk density measurements, bulk density is not significantly different between 

clay and sandy soil types (Ampoorter et al. 2012).  

Despite being lower in disturbed areas, the mean soil bulk density at each site and 

disturbance level was high. Soil bulk density measurements above 1.80 g/cm3 have been shown 

to put restrictions on root growth in sandy soils, stagnate water movement, and increase erosion 

(USDA 2008). This suggests that although there is no direct impact from climbing use, further 

study of soil properties is needed in these areas to determine indication of soil compaction, soil 

health, and environmental quality (Ozturk and Bolat 2014).  Measuring soil properties including 

infiltration rate, soil moisture in the field, and soil porosity would be beneficial to provide 

additional information on the impact of disturbance on soil health. There is also concern that due 

to the soils in both sites being extremely sandy and dry, extracting an accurate 100 cm3 sample 

was difficult. This may have affected my soil bulk density measurements. Studies on soil bulk 

density measurement effectiveness have shown that the core sample method significantly 

underestimates soil bulk density at a fixed depth (Gross and Harrison 2018). Therefore, a more 

concise method for obtaining soil samples is needed if further study is completed. 

 

Soil Seed Bank 

A previous seedling emergence study of climbing areas resulted in findings of lower total 

seed density, as well as seeds of ruderal and unintentionally introduced species being more 

common in disturbed areas (Rusterholz et al. 2011). Although in the present study total seed 

density was not measured, seedling germination was significantly higher in disturbed transects in 

comparison to undisturbed. This could be due to seed dispersal from outdoor recreators or wind 

possibly stopping seed travel after it hits cliff faces. Furthermore, sport climbers have been 

recorded as unintentionally introducing disturbance-tolerant seeds to the limestone cliffs of the 

Swiss mountains (Pickering and Mount 2010, Rusterholz et al. 2011). In addition, all species had 

significantly higher percent germination in disturbed soils in comparison to undisturbed, 

including non-natives. There was not a significant difference in the number of native versus non-

native seeds that germinated. This suggests that all species do have a larger seed bank in 

disturbed areas, which is of concern due to the fact that many non-natives are ruderal species, 
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including cheatgrass (Colorado State University 2012). In an additional study on cheatgrass 

affinity to disturbance, it was found that disturbance had little effect on the potential germination 

of the grass (Roundy et al. 2007). The potential of disturbance to increase cheatgrass invasion 

was shown by a reduction in perennial herbaceous species resource use (Roundy et al. 2007). 

Invasive plant species are likely to reduce native diversity at the community scale, especially in 

communities were competitive interactions occur (Catford et al. 2012).  

 

Management Implications  

The future of rock climbing areas depends on mitigation based on science. In order to 

preserve rock climbing areas, management plans need to be designed and implemented 

effectively. This study could directly inform management decisions by highlighting the need to 

manage non-native plant species and aboveground vegetation growth. In addition, physical 

structures may need to be created to decrease disturbance. This can include trail building and 

maintenance, designated belay areas and platforms, and increased signage. Continued study of 

the impact of rock climbing on aboveground vegetation and soil properties is also crucial, as 

more data on cliff and base area vegetation and soil is needed to further our understanding of the 

true impact of climbing. Limitations of the present study included time, funding, and availability 

of study sites. Increasing these factors in future studies would contribute to implementing 

outdoor recreation management based on science. Rock climbers and outdoor recreators need to 

work together with ecologists as teammates to protect beautiful ecosystems that can support 

sustainable recreation for generations. 
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Figures and Tables 

 

 
Figure 1. EDDMapS. Distribution and detection of cheatgrass (Bromus tectorum) in the U.S. Red clusters represent 

severity of cheatgrass distribution.  

 
 

Figure 2. EDDMapS. Distribution of reported cheatgrass in the Gunnison Valley, Colorado. Blue triangles represent 

study sites Taylor Canyon and Hartman Rocks.   

Hartman Rocks 

Taylor Canyon 
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Figure 3. Map of study sites. Blue marker at the top of the image represents Taylor Canyon, and the blue marker at 

the bottom of the image represents Hartman Rocks.  

 

 

Figure 4. Line-point intercept method. (Herrick et al. 2005). 
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Figure 5. Percent composition of all aboveground plant species. Species code listed in Table 2. 

 

 

 

Figure 6. Native vs. Non-native aboveground percent composition of plant functional groups. C (conifer), DT 

(deciduous tree), F (forb), G (graminoid), S (shrub).  
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Figure 7. Native vs. Non-native aboveground percent composition of plant species in Taylor Canyon (TC) and 

Hartman Rocks (HR).  

 

 

Figure 8. Bulk density (g/cm3) in response to disturbance and site, Taylor Canyon (TC) and Hartman Rocks (HR). 
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Table 1. Gunnison Valley, CO Climbing Route Selection 

 

Hartman Rocks Grade Wall 

Buddha’s Belly 5.9+ Buddha’s Belly 

Mystery Flake 5.9+ Resistance Wall 

Resistance is Futile 5.8 Resistance Wall 

Bajorn 5.7 Beginner Slabs 

Neutral Zone 5.10a Groove Rock 

Pussy Foot 5.9 Tiger Wall 

South Face Route 5.10+ Quintessential Pinnacle 

The Pink Nipple 5.11a Super Slab 

Taylor Canyon   

Inner Space Traverse 5.9 First Buttress 

Kindergarten Crack 5.4 First Buttress 

Solo Crack 5.6 First Buttress 

Left Hand Crack 5.8+ First Buttress 

The Jackal 5.6+ First Buttress 

Zigzag 5.9 First Buttress 

Golithan 5.10b First Buttress 

Chuck E. Cheese 5.9+ Second Buttress 

Angles Away 5.10a Second Buttress 

Nancy 5.11- Second Buttress 

 

 

Table 2. Recorded Plant Species. Mean and standard error of percent composition. Sites include 

Taylor Canyon (TC) and Hartman Rocks (HR).  

 

Site Species and Code Mean ±SE Common Name Native or 

Non-native 

TC Taraxacum officinale (TaOf) 3.99 ± 1.82 Common dandelion Non-native 

TC Bromus tectorum (BrTe) 23.88 ± 6.83 Cheatgrass Non-native 

TC Achillea lanulosa (AcLa) 2.84 ± 1.18 Western yarrow Native 

TC Artemisia tridentata (ArTr) 14.12 ± 4.34 Big sagebrush Native 

TC Chrysothamnus viscidiflorus 

(ChVi) 

6.55 ± 2.92 Douglas 

rabbitbrush 

Native 

TC Bromus marginatus (BrMa) 29.62 ± 7.80 Mountain brome Native 

TC Oryzopsis hymenoides (OrHy) 3.68 ± 2.33 Indian rice grass Native 
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TC Purshia tridentata (PuTr) 1.73 ± 1.51 Antelope 

bitterbrush 

Native 

TC Rosa Woodsii (RoWo) 2.59 ± 1.44 Woods’ rose Native 

TC Arnica cordifolia (ArCo)  0.77 ± 0.52 Heartleaf arnica Native 

TC Matricaria perforata (MaPe) 0.18 ± 0.18 Scentless 

chamomile 

Non-native 

TC Lonicera involucrata (LoIn) 2.14 ± 1.48 Twinberry 

honeysuckle 

Native 

TC Prunus virginiana (PrVi)  5.05 ± 2.90 Chokecherry  Native 

TC Mahonia repens (MaRe) 0.42 ± 0.42 Creeping Oregon 

grape 

Native 

TC Picea engelmannii (PiEn)  2.0 ± 2.0 Engelmann spruce Native 

HR Artemisia tridentata (ArTr) 27.34 ± 5.32 Big sagebrush Native 

HR Cereocarpus montanus 

(CeMo) 

28.27 ± 7.91 Mountain 

mahogany  

Native 

HR Bromus marginatus (BrMa) 22.60 ± 6.30 Mountain brome Native 

HR Bromus tectorum (BrTe) 5.95 ± 3.78 Cheatgrass Non-native 

HR Lonicera involucrata (LoIn) 0.90 ± 0.62 Twinberry 

honeysuckle 

Native 

HR Rosa Woodsii (RoWo) 0.95 ± 0.95 Woods’ rose Native 

HR Populus tremuloides (PoTr) 0.27 ± 0.27 Quaking aspen Native 

HR Juniperus scopulorum (JuSc) 0.41 ± 0.41 Rocky Mt. juniper Native 

HR Potentilla pensylvanica 

(PoPe) 

 

1.53 ± 1.53 Pennsylvania 

cinquefoil 

Native 

HR Agropyron cristatum (AgCr) 0.97 ± 0.76 Crested wheatgrass Non-native 

HR Achillea lanulosa (AcLa) 2.33 ± 1.72 Western yarrow Native 

HR Sphaeralcea coccinea (SpCo) 1.00 ± 0.68 Scarlet 

globemallow 

Native 
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Table 3. Negative binomial regression analysis comparing plant functional groups between 

disturbed and undisturbed transects across both sites.   

 

Coefficients Std. Error Z Score p-Value 

Total plant composition 0.32 -0.13 0.90 

Deciduous trees 1.18 -1.30 0.19 

Forbs 0.71 0.73 0.47 

Graminoid 0.74 3.45 < 0.001 

Shrub 0.66 2.73 < 0.001 

    

 

Table 4. Seedling percent germination mean and standard error by species and negative binomial 

regression analysis on greenhouse seedling species percent germination. Data is combined from 

both sites. Percent germination refers to the percent of seedlings that germinated relative to the 

total number of seedlings germinated.  

 

Coefficients Mean ±SE Std. 

Error 

Z Score p-Value 

Native     

Arnica cordifolia 0.52 ±0.31 1.5e-01 -16.69 < 0.001 

Artemisia tridentata 0.44 ±0.19 1.5e-01 -16.58 <0.001 

Bromus marginatus 2.23 ±1.07 1.1e-01 -5.47 <0.001 

Mahonia repens 0.15 ±0.09 1.2e-01 -11.25 <0.001 

Rosa woodsii 1.45 ±0.85 1.3e-01 -4.77 <0.001 

     

Non-Native     

Bromus tectorum 1.56 ±0.69 1.13-01 -8.61 <0.001 

Matricaria perforata 0.07 ±0.07 3.5e-01 -12.66 <0.001 

Taraxacum officinale 1.31±0.52 1.1e-01 -8.93 <0.001 

     

Unknowns     

Unknown 1 2.93 ±2.60 1.3e-01 -10.47 <0.001 

Unknown 2 0.13 ±0.13 1.8e-01 -15.07 <0.001 

Unknown 3 2.40 ±1.38 1.1e-01 2.39 0.02 
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