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ABSTRACT 

Protected area managers often face the challenge of conserving biodiversity while at 

the same time providing tourism and recreational opportunities for visitors. Popular 

nature based activities in more remote mountain protected areas include sightseeing, 

hiking and mountaineering. There are often commercial services provided to support 

these activities including pack animals for transport and campsite services. These, along 

with general visitor use, can result in a range of ecological impacts on soils, vegetation, 

wildlife and aquatic systems. In mountain ecosystems, impacts on vegetation are 

particularly important as alpine plants often have limited capacity to recover from 

damage due to the short growing season and poor soils.  

While a range of impacts from visitor use have been documented in alpine 

ecosystems in the Northern Hemisphere, there is limited research in the Southern 

Hemisphere. This is particularly true for the Andes, even though they account for 13% 

of the world’s mountains and are increasingly popular destinations for hiking and 

mountaineering. Prior to this thesis, for example, there was only one Masters thesis that 

assessed visitor impacts in the highest protected area in the Southern Hemisphere, 

Aconcagua Provincial Park in the dry Andes of Argentina, despite the Park receiving 

over 33,000 visitors per year. Impacts of visitor use on vegetation in this Park and other 

protected areas in the dry Andes is of particular concern as visitor use tends to be 

concentrated in the few areas where vegetation is found. This includes concentrated 

visitor use of alpine steppe vegetation (29.5% of the Park) and alpine meadows (0.4%) 

in Aconcagua Park. This thesis assesses the ecological impacts of increasing visitor use 

of Aconcagua Provincial Park, including impacts on vegetation. 

To determine which environmental impacts from visitor use are likely to be 

occurring in the Park, a desktop assessment at the landscape scale supported by 

Geographical Information Systems was conducted by integrating data on visitation, 

infrastructure and biophysical features of the Park with the recreation ecology literature. 

Visitors only used 2% of the Park, but use was focused in areas with vegetation 

including alpine meadows. Likely impacts varied based on the types of activities, 

amount of use and the altitudinal zone. Impacts on water resources were likely to be 

more severe in campsites in the high alpine zone, while impacts on terrestrial 

biodiversity were likely to be more severe in the low and intermediate alpine zones. 
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These results highlight how protected areas, in particular those with limited resources, 

can use desktop assessments to determine the likely types and locations of visitor 

impacts through the integration of data sets available in some protected areas, including 

detailed data from visitor permits.  

A rapid assessment method was used in the field to examine actual visitor impacts in 

the most intensively used 237 ha of the Park close to the entrance. The area of 

vegetation loss due to a network of informal trails was determined by mapping the total 

extent (length and width) of trails and other infrastructure. This infrastructure resulted in 

the loss of 9% of the vegetation in this area with the remaining vegetation extensively 

fragmented. A new rapid visual assessment method was then used to assess the level of 

disturbance from off trail use based on the amount of dung, and obvious signs of 

grazing, trampling and soil movement from machinery. Based on the level of damage 

identified using this method at 102 randomly located plots off trail, it appears that a 

further 82% of the area was impacted by visitor use. The level of damage based on the 

visual categories was also found to closely reflect the results from a more detailed 

vegetation survey of the same 102 plots. This rapid visual method could be modified 

and used to determine the ecological condition of areas of high use as part of longer 

term monitoring programs in this Park and other protected areas including identifying 

priority areas for management.  

To quantify and compare the response of alpine meadows to trampling by pack 

animals and hikers, a manipulative experimental design was used in a meadow site 

subjected to a range of trampling intensities (none, 25, 100 and 300 passes) for the two 

activities. As expected, pack animals caused more damage to vegetation than hikers. 

Differences in vegetation cover between activities were only apparent at the highest 

number of passes due to the apparent resistance to trampling of one of the dominant 

sedges, Carex gayana. Other measures of damage, including plant height and the cover 

of the sedge Eleocharis pseudoalbibracteata, were apparent at low or moderate usage 

by pack animals. Based on the research in Aconcagua and the few other experimental 

studies comparing these two activities, it appears that while pack animals often cause 

more damage than hikers, differences in impacts depend in part on the vegetation 

parameters measured, the intensity of use and the vegetation type. Given that the highest 

number of passes applied in this experiment is similar to current levels of use per day 

during peak visitation, the results highlight the importance of limiting these types of 

visitor use of alpine meadows.  
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To examine the potential benefits of excluding grazing by pack animals over one 

growing season in the spatially limited alpine meadows, twenty pairs of exclosures and 

unfenced quadrats were established in three high altitude meadows. Vegetation 

responded rapidly to the removal of grazing. After one growing season plant height was 

twice as high, above ground biomass increased by 30% and the cover of grasses was 

greater in ungrazed quadrats compared to grazed quadrats. Thus short term exclusion of 

grazing by pack animals could be used to restore important vegetation attributes of these 

meadows, including plant height and productivity, potentially increasing habitat quality 

for native wildlife in the Park. 

To determine the distribution and diversity of weeds in the Park, and if they are 

associated with visitor disturbance, data on the location of weeds were obtained from 

vegetation surveys in this thesis and from previous surveys. Weed diversity and cover 

was low compared to other mountain regions, probably reflecting differences in climate 

and the limited historical use of Aconcagua by people prior to being declared a Park. 

Most weeds were limited to areas disturbed by visitor use, but two common 

environmental weeds, Taraxacum officinale and Convolvulus arvensis, were also found 

invading relatively undisturbed native vegetation. The results highlight that even 

isolated protected areas can be susceptible to weed invasions with visitor use and that 

strategies should be implemented to reduce further spread of weeds in the Park.  

The research in this thesis contributes to the limited information currently available 

for the Andes about visitor impacts, including on alpine plant communities of high 

conservation value and limited distribution. Current visitor use of Aconcagua already 

damages vegetation, with the amount of damage influenced by the type of activity, the 

amount of use and the distribution of use. Parts of the methods used here can be adapted 

to other protected areas to monitor and manage visitor impacts, including the desktop 

assessment to determine likely ecological impacts across a protected area, and, on the 

ground, visual assessment methods used to categorize off trail disturbance. The results 

also highlight the importance of managing increased visitation in remote mountain 

protected areas including regulating multiple uses of trails and minimizing grazing by 

pack animals. Given the importance of the Andes, more recreation ecology research in 

the region is required. While this thesis demonstrates that the results from other 

mountain regions are relevant to the Andes, research within the Andes is critical for the 

conservation of these important mountain ecosystems.  
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GLOSSARY 

Alpine meadow: Consists of near complete vegetation cover characterized by graminoids 

and perennial herbs, and is restricted to areas with moist soils near rivers, springs and shallow 

underground water.  

Alpine steppe: Consists of relatively sparse vegetation characterized by cushion shrubs, 

tussock grasses and perennial herbs on rocky slopes and thin mineral soils. 

Alpine zone: vegetation above the high altitude treeline with a maximum duration of 94 days 

of the growing season and a mean growing season temperature of less than 6.4oC (Körner et 

al., 2011). In Aconcagua Provincial Park it lies between 2400–4400 m a.s.l.  

Environmental weeds: Non-native species that can invade natural ecosystems (McDougall 

et al., 2011).  

Formal trails: Planned and designed trails to provide recreational opportunities to visitors in 

areas more resistant to disturbance (Marion and Leung, 2011). 

Graminoid: Sedges, rushes and grasses combined.  

High alpine zone: Located in the upper limit of vegetation in Aconcagua Provincial Park, 

between 3800-4400 m a.s.l. (Mendez et al., 2006). Less than 5% of this area is covered by 

vegetation which occurs in rocky sheltered sites and is dominated by perennial herbs (e.g. 

Chaethantera sp., Viola sp.). Snow covered in winter and sporadic snow in summer, with 

permafrost soils.  

Informal trails: Unhardened visitor-created trails that are often poorly designed and not 

maintained (Marion and Leung, 2011).  

Intermediate alpine zone: Mid alpine zone between 3200-3800 m a.s.l. in Aconcagua 

Provincial Park (Mendez et al., 2006). Around 40% of this area is covered by alpine steppe 

vegetation and 0.4% by alpine meadows. The area is snow covered in winter and some areas 

have permafrost soils. 

Likely impact: Visitor impacts that are predicted to occur in the Park but have not been 

demonstrated to occur on ground in the Park.  

Low alpine zone: Lower altitude alpine zone in Aconcagua Provincial Park between 2400-

3200 m a.s.l. Around 50% of this area is covered by alpine steppe vegetation and 1.4 % by 

alpine meadows. It is snow covered in winter, and there are frosts in summer. 

Muleteers: People in charge of herding pack animals in Aconcagua Provincial Park. 
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Nival/glacial zone: Above the altitudinal limit of vegetation in Aconcagua Provincial Park (> 

4400 m a.s.l.) (Mendez et al., 2006). Snow is common all year round, there are permafrost 

soils and glaciers.  

Off trail disturbance/impact: Disturbance/impacts from dispersed visitor use outside trails. 

Pack animals: Animals including llamas, yaks, horses, mules and donkeys that are used for 

transporting mountain equipment for visitors in remote mountain protected areas (Barros et 

al., 2013). In Aconcagua Provincial Park they consist mainly of mules and a few horses.  

Recreation ecology: Scientific research that examines the effects of recreation and tourism 

activities on the natural environment (Liddle, 1997). 

Resilience: The capacity of a plant species to recover after disturbance. 

Resistance: The relative ability of individual plant species to withstand disturbance before 

being damaged. 

Tolerance: The ability of vegetation to withstand a cycle of disturbance and recovery.  

Visitor impact/disturbance: Any undesirable visitor-related biophysical changes to an 

environmental resource (Leung and Marion, 2000).  

Visitor season: The five month period from November to March when visitors access 

Aconcagua Provincial Park.  

Weeds: Plants growing where they are not wanted, which often have economic and 

environmental impacts (Richardson et al., 2000). For Aconcagua Provincial Park the term is 

used to refer to be all non-native plants that are known to have negative environmental 

impacts when invading mountain regions outside their national range.  
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 CHAPTER 1 

 INTRODUCTION 

Protected areas are a major mechanism for the conservation of biodiversity 

(Lockwood et al., 2006). They are also popular destinations for a range of nature-based 

tourism and recreation activities including hiking and camping, with visitor use of 

protected areas increasing worldwide (Balmford et al., 2009; Buckley, 2009b). With 

increasing usage, there is an increasing reliance on commercial services to provide 

transportation to remote locations, commercial horse riding and guided tours (Newsome 

et al., 2004, 2012; Buckley, 2006). Both visitors and commercial support services can 

have a range of environmental impacts, including impacts on soils, vegetation, wildlife 

and aquatic systems (Pickering et al., 2010; Monz et al., 2010a). Tourism and recreation 

impacts are of particular concern in sensitive ecosystems, including those in mountains 

that support rare and endemic biota adapted to short growing seasons, harsh climatic 

conditions and infertile soils (Körner, 2003; Monz et al., 2010b).  

In this context, protected area managers often face the challenge of conserving 

biodiversity while at the same time providing recreational opportunities for visitors 

(Lockwood et al., 2006). The growing body of research in recreation ecology can help 

protected area managers determine if current levels of use and types of activities are 

sustainable, or if management actions are required to minimize visitor impacts (Monz et 

al., 2010a; Newsome et al., 2012). This chapter provides a short review of protected 

areas, including in mountains. It also summarizes existing information on the ecological 

impacts of tourism and recreation activities and current research in recreation ecology. 

A brief summary of the Andes region and Aconcagua Provincial Park is provided to 

highlight their conservation value and the importance of conducting recreation ecology 

research in these understudied regions. Finally, the objectives of this thesis including 

the contents and structure and the resulting publications from this research are provided.  

1.1 Protected areas 

Protected areas are “a clearly defined geographical space, recognised, dedicated and 

managed, through legal or other effective means, to achieve the long term conservation 

of nature with associated ecosystem services and cultural values” (Convention of 
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Biological Diversity, 2009). They play a key role in supporting the conservation of 

biodiversity, providing ecosystem services and recreational opportunities, among others 

(Millennium Ecosystem Assessment, 2005). They also contribute to mitigate climate 

change by sequestering and storing carbon in natural ecosystems (Dudley et al., 2010. 

By the mid 2000s, around 12% of the Earth and 0.5% of marine systems were 

conserved to varying extents within protected areas (Chape et al., 2005; Lockwood et 

al., 2006).  

Given the multiple objectives of protected areas, the International Union for Nature 

Conservation (IUCN) has classified them in the following categories (IUCN, 1994):  

I) Strict Nature Reserves and Wilderness Areas: for strict protection, managed mainly 

for scientific value, II) National Parks: for ecosystem conservation and recreation,  

III) National Monument: managed for the conservation of specific natural features,  

IV) Habitat and Species Management: active management intervention is required to 

assist in conservation and protection, V) Protected Landscape/Seascapes: managed for 

conservation and recreation, VI) Managed Resources: managed for the sustainable use 

of natural ecosystems.  

In assigning protected areas to these categories, the emphasis has been on clarifying 

management objectives and ensuring the right conditions for achieving these objectives 

(IUCN, 1994). The success of protected areas, particularly those in Categories I and II 

as a tool for conservation, is based on the assumption that they are managed to protect 

the natural values they contain (Hockings et al., 2000). To achieve this goal, 

management should be tailored to the particular demands of the site, given that each 

protected area has a variety of biological and social characteristics, pressures and uses 

(Hockings et al., 2000; Lockwood et al., 2006). Throughout the world, protected areas 

are under global, regional and localized threats (Lockwood et al., 2006). Common 

threats includes climate change, air pollution, conversion of surrounding lands through 

urbanization or mining, over exploitation of natural resources and unsustainable tourism 

and recreation (Chape et al., 2005; Lockwood et al., 2006). At the regional and local 

level, tourism and recreation is one of the major threats to protected areas as they are 

one of the few human uses permitted in many protected areas (Buckley, 2004; 

Newsome et al., 2012).  
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1.2 Mountain protected areas 

Protected areas in mountains have often been declared to ensure the provision of water 

to lowland areas, conserve representative landscapes and mountain biodiversity as well 

as to provide tourism and recreation opportunities (Price, 1992; Hamilton and 

McMillan, 2004; Worboys et al., 2010). Mountain environments comprise 

approximately 13% of the Earth’s surface and approximately 15% of these areas are 

conserved in a total of 473 protected areas (Chape et al., 2005; Körner et al., 2011). The 

proportion of mountain protected areas is comparatively greater than non-mountainous 

areas, influenced in part by the often less competing land uses (Kollmair et al. 2005).  

A characteristic feature of high mountains is their vertical zonation into elevational 

belts with distinct climates which contribute to the environmental and biological 

diversity of mountains protected areas (Becker et al., 2007; Körner et al., 2011). They 

provide a range of goods and ecosystems services (Grêt-Regamey et al., 2012). 

Mountains are key sources of the worlds’ major rivers, playing a critical role in water 

cycles by capturing moisture from air masses, storing snow until it melts in the spring 

and summer, and providing water for settlements, agriculture and industries 

downstream (Körner, 2003; Hamilton and McMillan, 2004; Grêt-Regamey et al., 2012). 

In semi-arid and arid regions, between 50% to 90% of river flow comes from mountains 

(Messerli et al., 2004).  

Vegetation cover in mountains ensures soil stability, mitigating natural hazards such 

as rock falls, landslides and avalanches (Blyth et al., 2002; Becker et al., 2007). 

Mountain ecosystems are important centres of biological diversity, providing refuge for 

many rare and endemic plants and animals from transformed lowlands, and containing 

rich assemblages of species and ecosystems (Mountain Agenda, 1998; Körner, 2003; 

Hamilton and McMillan, 2004). Mountain regions are also considered of great cultural, 

sacred and spiritual significance (Bernbaum, 2006).  

These systems are subjected to both natural and anthropogenic drivers of change 

(Körner and Ohsawa, 2005). Changes can range from seismic events and flooding to 

global climate change and the loss of vegetation and soils from unsustainable farming 

(Körner, 2003). They can also be affected by tourism and recreation use, with mountain 

protected areas popular destinations for winter and summer activities, including skiing, 

walking, horse riding, camping, hiking and mountaineering (Pickering and Buckley, 

2003; Barros and Pickering, 2012). Mountain areas can be particularly susceptible to 
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anthropogenic disturbance, with mountain biota often adapted to relatively narrow 

ranges of temperature and precipitation (Becker et al., 2007). Also, due to the sloping 

terrain and the relatively thin soils of mountains, recovery of vegetation from 

disturbances is generally slow or does not occur (Körner and Ohsawa, 2006).  

1.3 Tourism and recreation activities in protected areas 

Tourism and recreation are common types of human use permitted in many protected 

areas and they are often popular destinations for a range of nature based, adventure 

tourism and other recreational activities (Buckley, 2009a; Newsome et al., 2012). 

Nature based tourism activities involve travel to unspoiled locations in order to 

experience and enjoy nature, including activities such as hiking, cycling and camping 

(Buckley, 2009b). Adventure tourism is also considered nature based tourism, but 

requires physical skills, endurance and involves a degree of risk taking. Usually it is 

more focused on the activity rather than on nature (Buckley, 2006; Newsome et al., 

2012). Ecotourism involves non consumptive and educational visits to sites of high 

natural, cultural and historical quality (Lockwood et al., 2006).  

Currently, there is a strong growth in tourism and recreation activities in protected 

areas, including the provision of commercial services to support visitors (Balmford et 

al., 2009; Newsome et al., 2012). Mountains have become popular areas for winter and 

summer activities including summiting, hiking, climbing, rafting, snowboarding, 

kayaking and skiing (Price, 1992; Buckley, 2006; Kangas et al., 2009; Törn et al., 2009; 

Pickering and Barros, 2012). Common summer activities in remote mountain 

destinations includes hiking, camping and climbing (Nepal, 2002; Geneletti and Dawa, 

2009; Barros et al., 2013). Activities in remote destinations are characterized by strong 

seasonality with access limited to suitable climatic conditions, therefore are often 

restricted to short periods of the year (Kuniyal, 2002; Geneletti and Dawa, 2009; 

Pickering and Barros, 2012). Commercial tours are increasingly common in some of the 

highest mountains in many countries, including the provision of lodging and food at 

campsites, guiding, communication, travel and transport (Buckley, 2009b; Pickering 

and Barros, 2012). In particular, the use of pack animals for transporting mountain 

equipment and people is very popular in some remote mountains where there is limited 

road access (Geneletti and Dawa, 2009; Byers, 2010). 
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Protected area agencies often provide a range of support services for visitors in 

mountain protected areas (Pickering and Barros, 2012). This includes the provision of 

services before visitors arrive such as guide books, websites and booking services; and 

the provision of infrastructure in the protected area (Hill and Pickering, 2006; Pickering 

and Barros, 2012). Infrastructure includes walking tracks, car parks, visitor centres, 

camping areas, toilet facilities and bridges (Eagles and McCool 2002; Hill and 

Pickering, 2006). The increase in visitation to protected areas including mountains has 

placed a strain on the public resources allocated to protected area agencies for the 

management of visitors, including dealing with the ecological impacts of visitor use 

(Buckley, 2009a).  

1.4 Ecological impacts of visitor use 

Common visitor activities in protected areas, such as hiking and camping, can result 

in a range of ecological impacts (Monz et al., 2010a; Pickering et al., 2010; Newsome et 

al., 2012). Trampling can result in reductions in plant cover, changes in plant 

composition, and the introduction and dispersal of weeds along trails (Liddle, 1997; 

Cole, 2004; Monz et al., 2010a; Pickering et al., 2010). The dispersal of weeds can be 

facilitated by human mediated seed dispersal, including seed carried on clothing, 

equipment and on the fur and in the dung of pack animals (Mount and Pickering, 2009; 

Pickering and Mount, 2010; Törn et al., 2010; Magro and Andrade, 2012). Heavy foot 

traffic can also result in soil loss and compaction and alterations in soil microclimatic 

conditions (e.g. temperature and humidity), nutrients and physical-chemical properties 

(Grieve, 2001; Magro and Barros, 2004; Arocena et al., 2006; Lucas-Borja et al., 2011). 

Visitor use of campsites and trails can result in the displacement of wildlife from their 

preferred habitats (Monz et al., 2010a; Steven et al., 2011).  

Other impacts are due to the services provided to support visitor activities, such as 

those from tour operators, transport providers and protected area facilities, adding to the 

direct impacts of visitors (Geneletti and Dawa, 2009; Newsome et al., 2012). For 

example, pack animals such as horses and donkeys used for transport have activity-

specific impacts including plant defoliation through grazing, addition of nutrients to 

soils and waterways from manure and urine, and weed dispersal in dung (Newsome et 

al., 2004; Loydi and Zalba, 2009; Pickering et al., 2010). Other forms of transport, such 

as helicopters used for rescues and transporting visitors to remote campsites (Withers 
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and Adema, 2009), can affect animal movements and change their feeding patterns 

(Andersen et al., 1989; Barber et al., 2009). Commercial and public visitor 

infrastructure such as campsites can modify drainage patterns and pollute waterways 

due to water extraction and waste discharge (Hadwen et al., 2008).  

1.5 Factors affecting ecological impacts  

The intensity and extent of ecological impacts from visitors is influenced by several 

factors, including the type of use, amount and timing of use, distribution of use and the 

environmental characteristics of the site (Liddle, 1997; Monz et al., 2010a; Pickering et 

al., 2010) (Fig. 1.1). Information about the relationship between these factors and the 

severity of impacts is useful in the formation of guidelines for protected area managers 

on how to limit the impacts of visitor use (Monz et al., 2010a).  

 

Figure 1.1. Conceptual model of the ecological impacts of visitor use. Source: Monz et 
al. 2010a. 
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Visitor activities can vary in the type and severity of their ecological impacts (Leung 

and Marion, 2000; Monz et al., 2010a; Pickering et al., 2010). Activities with greater 

physical contact with the environment such as motorized vehicles and horses are likely 

to have a greater impact on vegetation and soils than other activities such as hiking 

(Hammitt and Cole, 1998; Monz et al., 2010a; Pickering et al., 2010). For instance, 

horses and donkeys can do more damage to vegetation and soils by trampling at same 

level of use as hikers due to the greater pressure exerted on the ground per unit area 

(~4380 g/cm2 for a shod horse with rider, compared to ~410 g/cm2 for a hiker) (Liddle, 

1997; Cole and Spildie, 1998; Törn et al., 2009). 

The amount of use refers to the magnitude of use of a particular area (e.g. campsite 

visitor nights, number of passes on natural vegetation), with the common model for the 

relationship between amount of use and severity of ecological impacts often described 

as curvilinear (Monz et al., 2010a, 2013). Even small increases in amount of use (e.g. 

trampling) can result in pronounced increases in impacts on vegetation and soils (Cole 

2004, Monz et al., 2010a, 2013). In other situations, such as trampling on more resistant 

plant communities, the relationship between amount of use and impacts can be linear or 

sigmoidal (Growcock, 2005; Monz et al., 2013). Based on the curvilinear relationship, 

common strategies to minimize visitor impacts include confining traffic to designated 

trails and campsites (Monz et al., 2013).  

The timing of use is also an important factor influencing ecological impacts, with 

visitation in protected areas often sporadic, with long periods of limited usage and short 

periods of high usage (Pickering, 2010; Hadwen et al., 2012). The ability of 

environments to tolerate visitor use varies according to the season and other events such 

as breeding periods, moisture content of soils and flowering season (Monz et al., 2010a; 

Pickering, 2010). High visitation in mountains for hiking and climbing during summer, 

for example, can have more severe effects on the environment than at other times of the 

year, as it often coincides with peak periods of vegetation growth and bird nesting 

(Pickering and Buckley, 2003; Growcock, 2005; Monz et al., 2010a).  

The distribution of visitor use influences the extent and the severity of ecological 

impacts in a particular area (Marion, 1995; Monz et al., 2010a; Wimpey and Marion, 

2011). Although visitor use in protected areas is often limited to few locations including 

campsites (nodes) and trails (linkages), for example, these can occur in areas of high 

conservation value and/or fragile ecosystems. In addition to these localized impacts, 

crowding and unregulated use can result in the creation of informal trails, enlarging the 
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areas directly affected by concentrated use (Magro and Barros, 2004; Wimpey and 

Marion, 2011; Leung et al., 2011). This could be the result of the lack of management 

strategies to confine traffic to trails or when formal trail systems do not provide access 

to natural attractions (Newsome and Davies, 2009; D’Antonio et al., 2010; Monz et al., 

2010b; Marion and Leung, 2011; Wimpey and Marion, 2011; Leung et al., 2011). 

Widespread impacts from informal trails can affect the resource condition at the 

landscape level by fragmenting relatively undisturbed habitats (Monz et al., 2010b; 

Leung et al., 2011; Wimpey and Marion, 2011).  

The nature and intensity of ecological impacts from visitors are influenced by 

vegetation characteristics, soil properties and topography (Liddle, 1997; Monz et al., 

2010a; Pickering, 2010). Vegetation tolerance to trampling is determined by vegetation 

resistance, which refers to the ability of the vegetation to withstand disturbance before 

damage occurs, and resilience, which refers to its ability to recover from damage once it 

happens (Cole, 1995a,b; Liddle, 1997). Plant communities and individual species can 

vary by orders of magnitude in their resistance and resilience and hence tolerance of 

trampling (Liddle, 1997; Hill and Pickering, 2009). Plant traits such as vegetation 

stature and growth form can affect vegetation tolerance, with some graminoids such as 

sedges more resistant to trampling than many shrubs, forbs and ferns (Kuss, 1986; 

Yorks et al., 1997; Hill and Pickering, 2009). Alpine plants often have low resilience 

due to the short growing season and normally poor soils (Cole, 1995a; Liddle, 1997; 

Körner and Ohsawa, 2005; Hill and Pickering, 2006; Törn et al., 2009).  

Topographical factors, such as slope can influence trail degradation (Leung and 

Marion, 1996). Many studies have documented greater soil loss on trails on more 

pronounced slopes (Leung and Marion, 1996; Dixon et al., 2004; Hawes et al., 2013). 

The rate of soil loss can be even more pronounced when trails with steep grades are 

aligned with the fall line (aspect) (Leung and Marion, 1996). Other factors including the 

amount of organic matter and moisture content of soils can influence the severity of 

ecological impacts (Leung and Marion, 1996; Olive and Marion, 2009; Monz et al., 

2010a). Trampling on flat surfaces with wet organic soils, for example, can result in 

more damage than trampling on durable surfaces because visitors often spread out to 

avoid muddy sections and hence create multiple treads (Leung and Marion, 1996; 

Marion and Leung, 2004; Monz et al., 2010a).  

In addition to these factors, the combination of a number of different smaller impacts 

over many years can result in a much larger impact (Newsome et al., 2012). They 
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include the cumulative impacts of visitor accommodation, infrastructure such as roads 

with attendant traffic, and visitor facilities such as campsites, trails and car parks, as 

well as impacts from activities such as horse riding and hiking (Newsome et al., 2012). 

The extent and significance of these cumulative impacts can reduce or impair the 

functioning of natural processes at the landscape level (Parrish et al., 2003; Shultis et 

al., 2006). Water pollution derived from camping grounds and pack animal manure, for 

example, can affect the integrity of aquatic systems (Hadwen et al., 2008). Vegetation 

reduction and soil erosion derived from trampling, road infrastructure and pack animals 

grazing can affect the maintenance of representative ecosystems (Shultis et al., 2006).  

1.6 Recreation ecology research  

Recreation ecology is the scientific study of the impacts of tourism and recreation in 

the natural environment (Liddle, 1997; Hammitt and Cole, 1998). Research in this 

discipline has increased in parallel with the increasing popularity of protected areas as 

tourism and recreation destinations including in North America, Europe and Australia 

(Buckley, 2004, 2005; Hill and Pickering, 2009; Kangas et al., 2009, 2010; Monz et al., 

2010a; Pickering et al., 2010; Steven et al., 2011). In contrast, very limited research has 

been conducted in other regions, including in South America, Asia and Africa despite 

their increasing popularity for tourism and recreation (Buckley, 2005). Although the 

Andes in South America are popular tourism and recreation destinations (Buckley, 

2006), for example, there appear to be only six scientific studies documenting visitor 

impacts on vegetation in the Andes (Barros et al., 2013).  

Most of the research in recreation ecology has focused on trails and campsite impacts 

with comparatively less research on the specific impacts of pack animals, mountain bike 

riding and visitor infrastructure (Monz et al., 2010a; Pickering et al., 2010; Newsome et 

al., 2012). Research on trails and campsites has focused on descriptive studies and the 

design and implementation of monitoring protocols to determine the resource condition 

of soils and vegetation (Hammitt and Cole, 1998; Cole, 2004; Magro and Barros, 2004; 

Monz et al., 2010a; Pickering et al., 2010). Common methodologies used include trail 

condition assessments, condition class surveys; trail inventories using global positioning 

systems (GPS), photo point systems and radial transect methods for campsites (Hammitt 

and Cole, 1998; Marion et al., 2006, 2011). Other studies have focused on the 

comparison between paired disturbed and undisturbed sites to assess the impacts of 
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trails and campsites on vegetation and soils (Grabherr, 1982; Hammitt and Cole, 1998; 

Barros et al., 2013).  

To determine the relationship between the level of use and the severity of ecological 

impacts, many studies have used manipulative experiments to assess the response of 

natural vegetation and soils to specific levels of trampling and camping (Liddle, 1997; 

Hammitt and Cole, 1998; Growcock, 2005; Talora et al., 2007; Pickering et al., 2010). 

Fewer studies have compared the relative effects of hiking versus other common 

activities using manipulative experiments, to compare the effects of mountain biking or 

horse riding with hiking (Pickering et al., 2010, 2011). For instance, although there is a 

long history of using pack animals in some protected areas (Newsome et al., 2004; 

Monz et al., 2010a), only few experimental studies have compared the severity of 

impacts between horses and hikers on natural vegetation and soils (Pickering et al., 

2010; Törn et al., 2010). In addition, few studies have examined site specific impacts 

from pack animals, such as those from grazing of plant communities of high 

conservation value (Cole et al., 2004), or the dispersal of weed seed in pack animal 

dung (Loydi and Zalba, 2009; Törn et al., 2010; Magro and Andrade, 2012).  

While there are many studies examining visitor impacts using extensive field 

observations and measurements at the local scale, there are very few studies at a 

regional scale (for exceptions see Arrowsmith and Inbakaran, 2002; Tomczyk, 2011; 

Hawes et al., 2013), or on the cumulative impacts of visitor activities (Geneletti and 

Dawa, 2009). Regional scale studies have used Geographical Information Systems 

(GIS) to integrate different data sets for mapping, monitoring and modelling visitor use 

and ecological impacts (Beeco and Brown, 2013). Current applications of GIS include 

examining the environmental sensitivity of trails based on vegetation and topographic 

characteristics (Marion et al., 2011; Hawes et al., 2013), the effects of trail networks on 

landscape fragmentation (Monz et al., 2010b; Leung et al., 2011; Wimpey and Marion, 

2011; D’Antonio et al., 2013), and the effects of informal trails on the condition of 

vegetation through remote sensing analysis (Witzum and Stow, 2004; Kim and Daigle, 

2012). As far as can be determined, only one study has assessed the potential impacts of 

cumulative stressors (i.e. impacts from multiple activities) from visitor use at a regional 

scale (Geneletti and Dawa, 2009).  

In contrast to the growing body of research in recreation ecology, there is 

comparatively less research about visitor use and distribution in protected areas, 

including the type of activities, amount of use and timing of use (Cessford and Muhar, 
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2003; Arnberger and Hinterberger, 2003; Wardell and Moore, 2005). Protected areas 

often lack the resources to collect visitor data, with few protected areas using 

monitoring techniques such as on site counters, video cameras, field observations and 

entry registrations (Cessford and Muhar, 2003; Wardell and Moore, 2005; Eagles, 

2013). More recently, some studies have also used GPS trackers to map visitor 

distribution in high use areas in protected areas (D’Antonio et al., 2010; Wolf et al., 

2012; Beeco and Brown, 2013). Other protected areas are able to collect visitors’ data 

while issuing fees or permits (Hadwen et al., 2007; Wardell and Moore, 2005). Very 

rarely, visitor data has been integrated with other data sets such as biophysical data, to 

determine the potential ecological impacts of visitor use of protected areas (Wardell and 

Moore, 2005; Hadwen et al., 2007; Castley et al., 2009). 

1.7 Aconcagua Provincial Park as a case study  

The Andes  

The Andes account for 13% of all the mountains worldwide (Körner et al., 2011). 

They stretch more than 8,000 km along the western edge of South America through 

seven countries (Garreaud, 2009), and are the primary watershed for many countries in 

the region (Harden, 2006). They are characterized by high regional biodiversity due to 

the compression of climatic zones along altitudinal gradients (Braun et al., 2002). They 

are also characterized by high levels of endemism (Braun et al., 2002) due to repeated 

episodes of migration and isolation, corresponding to the successive glacial and 

interglacial periods (Simpson, 1975; Ferreyra et al., 1998). For example, the Andes have 

a distinct flora with many unique species and genera of herbs and shrubs such as 

Polylepis spp., Calceolaria spp. and Adesmia spp. (Van Der Hammen and Cleef, 1983; 

Mihoc et al., 2006). Even the dominance of some types of growth forms differs, with 

many species of cushion plants found in the dry Andes (West, 1983). 

Tourism and recreation are increasingly popular in the Andes, particularly for those 

attempting to climb the highest peaks in the Southern Hemisphere (Buckley, 2006). This 

is of particular concern in the dry Central Andes (31°-35°S), where, due to low 

precipitation and temperatures, vegetation and associated biodiversity is often restricted 

to the lower altitude areas (Villagrán et al., 1983; Garreaud, 2009), where visitor use is 

also concentrated. With few inhabitants in this region, tourism and recreation along with 

mining are the principal sources of anthropogenic disturbance (Barros et al., 2013).  
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Vegetation cover in this region is sparse and mainly consists of steppe vegetation 

characterized by low shrubs, grasses and perennial herbs and limited alpine meadows 

dominated by graminoids in areas with moist deeper soils (Squeo et al., 2006; Buono et 

al., 2010). Although alpine meadows account for less than ~5% of the total vegetation 

in the region, they are three to five times more productive than the surrounding steppe 

vegetation (Buono et al., 2010; Irisarri et al., 2012). Due to their high vegetation cover 

and productivity, the alpine meadows provide habitat for a range of native fauna in the 

arid matrix of the Andes including large native mammals such as Vicugna vicugna and 

Lama guanicoe (Puig et al., 2001, 2011). Alpine meadows are particularly susceptible 

to impacts from visitor use as they are grazed by pack animals such as horses and 

mules, which are used to transport equipment for climbers and hikers, including to some 

of the high peaks in the Andes (Byers, 2010; Barros et al., 2013).  

Because the Andean flora evolved in the absence of large hard hoofed grazing 

animals, such as horses and bovids, Andean plants may be more vulnerable to 

concentrated grazing and trampling by introduced pack animals (Molinillo and 

Monasterio, 2006; Villalobos and Zalba, 2010). For example, the impacts of grazing by 

horses and mules are likely to be greater for than those from native Andean camelids 

due to differences in grazing regime, size, shape and physiology (Puig et al., 2001). 

Mules and horses have a higher forage intake, lower digestive efficiency and are larger 

than the native camelids (Puig et al., 2001; Borgnia et al., 2008). They also exert a 

greater ground pressure, potentially resulting in increased damage to vegetation from 

trampling (Deluca et al., 1998).  

Despite the popularity of the Andes for tourism and recreation and differences in the 

climatic condition, evolutionary history and patterns of human use, there is very limited 

research assessing tourism and recreation impacts in the region (Barros et al., 2013). 

Also there is comparatively little research on the ecology of this region compared to 

many mountain systems in the Northern Hemisphere (Körner, 2009). The limited 

recreation ecology research from the Andes includes a few studies of trail impacts 

including in the magellanic subpolar forest ecoregion of the Torres del Paine National 

Park in Chile (Farrell and Marion, 2001), the arid Andes in Central Chile and Argentina 

(Hoffman and Alliende, 1982; Barros et al., 2013), and the Central Andean wet puna in 

Huascaran National Park in Peru (Marion and Linville, 2000; Byers, 2009). Based on 

the size, ecosystem diversity and popularity of tourism and recreation in the Andes, 

additional recreational ecology is required.  
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Aconcagua Provincial Park 

Aconcagua Provincial Park (710 km2, 69º50’ W, 32º39’ S) is located in the Southern 

Andean Steppe ecoregion of the dry Central Andes in Argentina (Fig. 1.2). The Park is 

one of the most representative sectors of the Andean mountains and provides an 

example of mountain building processes, with peaks ranging from 3000 to almost 7000 

m a.s.l. (Garreaud, 2009). These high peaks are the result of tectonic uplifting controlled 

by the subduction geometry of the Nazca and South American plates (Ramos et al., 

1996). Based on the Koppen classification, the Park is in the tundra climatic zone 

(Mendez et al., 2006), characterized by a cold and dry climate and snow during winter 

(400-600 mm) (Departamento General de Irrigación, 2011). Aconcagua is an important 

water catchment for Mendoza River which supplies water to a population of over one 

million people and provides water to irrigate agricultural areas (IANIGLA, 2012) (Fig. 

1.2). 

Aconcagua was declared a Category II IUCN protected area in 1983, and it is 

currently managed by the Mendoza Natural Resource Division (Direccion de Recursos 

Naturales, 2009). Prior to being designated as a protected area, there was limited human 

use of the region, with transient use by pre-Incas and Inca indigenous communities for 

ceremonies (Barcena, 1998), some military training in the mid-1900s and a few 

mountain expeditions (Quiroga, 1996). More recently from the 1980’s to the present, 

the Park has been used for mountaineering and trekking (Direccion de Recursos 

Naturales, 2009).  

Vegetation in the Park is restricted to areas between the low altitude limit of the Park 

from 2400 m a.s.l to ~ 4400 m a.s.l., which is the upper limit for plant growth in the 

Park. Although there are over 120 plant species in Aconcagua Park, vegetation is 

mainly limited to the valley floors, where visitor use is also concentrated (Barros et al., 

2013). There are two main vegetation types in the Park: 1) alpine steppe (29.5% of the 

Park) consisting of relatively sparse vegetation cover (~50%) characterized by cushion 

shrubs, tussock grasses and perennial herbs, and 2) alpine meadows characterized by 

graminoids and perennial herbs which are restricted to areas with moist soils near rivers 

and springs, and only accounting for 0.4% of the Park (Mendez et al., 2006; Zalazar et 

al., 2007; Barros et al., 2013) (Figs. 1.2 and 1.3). Many plants in the Park are regional 

endemics such as the herbs Nassauvia lagascae, Ranunculus peduncularis and the rush 

Oxychloe bisexualis (Hauman, 1918; Barros, 1953; Mendez et al., 2006).   
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Figure 1.2. Aconcagua Provincial Park (69°56’ W, 32° 39’ S), in the dry Central Andes of Mendoza Province, Argentina. Map produced by the 
author using GIS layers provided by the Natural Resource Division, Mendoza, Argentina.  
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Figure 1.3. Examples of plant communities in alpine steppe (a, c) and alpine meadow (b, d) 
vegetation in Aconcagua Provincial Park, Mendoza, Argentina. 

A total of 11 species of native mammals, two species of reptiles and one frog species have 

been recorded in the Park (Direccion de Recursos Naturales, 2009). Some of these species are 

regional endemics to the dry Central Andes including the Andean lizard Liolaemus fitzgeraldi 

and the Andean toad Bufo spinulosus (Cei, 1986; Ávila, 2004) (Fig. 1.4). The Park provides 

habitat for over 90 bird species, including ground nesting birds which are threatened by egg 

predation by feral dogs and trampling from pack animals and hikers (Olivera and Lardelli, 

2009). Alpine meadows are local biodiversity hotspots, providing habitat for the large native 

camelid Lama guanicoe and clean water for lowland areas (Barros et al., 2013). 

Over the last three decades visitor use of the more remote parts of the Park has increased 

from ~1000 hikers and climbers in 1990 to over 6000 hikers and climbers in 2011 (Dirección 

de Recursos Naturales, 2011) (Fig. 1.5ab). In addition, the lower altitude, more easily 

accessed areas of the Park is a major sightseeing destination with over 27,000 day visitors 

from November to March (Fig. 1.5c). Peak periods of visitor use in Aconcagua are between 

(a) (b) 

(c) (d) 
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late December and February, coinciding with the peak period of vegetation growth (Arroyo et 

al., 1981) (Fig. 1.5bc). Coupled with increasing visitor use, is an increase in commercial 

services supporting visitors including the provision of infrastructure, base camp facilities and 

the use of pack animals (mules and horses) to transport food and equipment for mountaineers 

(Direccion de Recursos Naturales, 2009). Currently, the ratio between pack animal and 

hikers/climbers is almost one to one (5,631 pack animals vs. 6,282 hikers and climbers) 

during the five month visitor season (Direccion de Recursos Naturales, 2011). With 

increasing usage, the Park agency and commercial operators have also increased the number 

of staff (~120 employees) in the Park during the visitor season and use of a helicopter for 

rescues and to transport staff between remote campsites (Direccion de Recursos Naturales, 

2009).  

   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.4. Some characteristic animals in Aconcagua Provincial Park, Mendoza, Argentina. 
(a) Thinocorus orbignyianus (Grey-breasted seedsnipe), (b) Phegornis mitchelii (Diademed 
sandpiper plover), (c) Lagidium viscacia (Southern viscacha), (d) Lama guanicoe (guanaco), 
(e) Liolaemus fitzgeraldi (Andean lizard) and (f) Bufo spinulosus (Andean toad). Pictures 
taken by the author. 

  

(a) (b) (c) 

(d) (e) (f) 
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Figure 1.5. Number of (a) hikers and climbers between 1990-2011, (b) hikers and climbers 
per week between 2003 and 2011, (c) day visitors per week during 2010-2011 visitors season, 
in Aconcagua Provincial Park, Mendoza, Argentina. Figures produced by the author using 
visitor data provided by the Natural Resource Division, Mendoza, Argentina.  

0 

1000 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

9000 

9
0

/9
1

 
9

1
/9

2
 

9
2

/9
3

 
9

3
/9

4
 

9
4

/9
5

 
9

5
/9

6
 

9
6

/9
7

 
9

7
/9

8
 

9
8

/9
9

 
9

9
/0

0
 

0
0

/0
1

 
0

1
/0

2
 

0
2

/0
3

 
0

3
/0

4
 

0
4

/0
5

 
0

5
/0

6
 

0
6

/0
7

 
0

7
/0

8
 

0
8

/0
9

 
0

9
/1

0
 

1
0

/1
1

 

N
o

. h
ik

e
rs

 &
 c

lim
b

e
rs

 

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

N
o

v.
3

 

N
o

v.
4

 

D
ec

.1
 

D
ec

.2
 

D
ec

.3
 

D
ec

.4
 

Ja
n

.1
 

Ja
n

.2
 

Ja
n

.3
 

Ja
n

.4
 

Fe
b

.1
 

Fe
b

.2
 

Fe
b

.3
 

Fe
b

.4
 

M
ar

.1
 

M
ar

.2
 

M
ar

.3
 

M
ar

.4
 

N
o

. h
ik

e
rs

 &
 c

lim
b

e
rs

 p
e

r 
w

e
e

k 

03/04 

04/05 

05/06 

06/07 

07/08 

08/09 

09/10 

10/11 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

4500 

N
o

v.
 3

 

N
o

v.
4

 

D
ec

.1
 

D
ec

.2
 

D
ec

.3
 

D
ec

.4
 

Ja
n

.1
 

Ja
n

.2
 

Ja
n

.3
 

Ja
n

.4
 

Fe
b

.1
 

Fe
b

.2
 

Fe
b

.3
 

Fe
b

.4
 

M
ar

.1
 

M
ar

.2
 

M
ar

.3
 

N
o

. d
ay

 v
is

it
o

rs
 2

0
1

0
-2

0
1

1
 

(a) 

(b) 

(c) 



18 
 

Although there are likely to be a range of impacts from visitor use and its associated 

activities on the Aconcagua environment, there is limited research and no monitoring 

programs assessing visitor impacts. To date there has been only one Masters thesis which 

examined the impacts of trails and campsites on alpine vegetation and soils (Barros, 2004; 

Barros et al., 2013) and on algal communities (Barros, 2004). In addition there is only one 

published scientific study of plant ecology in the Park (Mendez et al., 2006), and a few 

studies on the fauna (Asencio, 2008; Olivera and Lardelli, 2009) and aquatic ecology (Peralta 

and Claps, 2001; Martinez, 2009; Scheibler and Melo, 2010).  

Adding to the scarcity of studies, the Park has limited funding for monitoring impacts and 

currently does not have a management plan (Direccion de Recursos Naturales, 2009). The 

Park is currently managed through a set of regulations, which mainly focus on the 

administration of commercial operators, the provision of visitor opportunities and 

safeguarding mountaineers and hikers (Direccion de Recursos Naturales, 2009). 

Environmental practices are not standardized and Park initiatives to monitor the conservation 

values and minimize visitor impacts are mainly due to the efforts of individual Park staff 

(Direccion de Recursos Naturales, 2009). Current problems with the management of 

Aconcagua Provincial Park also apply more broadly to the other 13 protected areas managed 

by the Mendoza Natural Resource Division (Direccion de Recursos Naturales, 2009). 

Covering a total area of almost 2 million hectares, the annual budget to manage Aconcagua 

and the other 13 protected areas, including staff salaries, is less than US$1.5 million per year 

(Direccion de Recursos Naturales, 2013).  

Due to the high conservation value of the Park and the scarcity of monitoring activities 

and scientific research, it is important that visitor impacts are assessed so better management 

strategies can be developed. Research in Aconcagua Park will also help to identify impacts 

and design management recommendations for other protected areas in the Andes, with many 

of these areas experiencing similar levels and types of visitor use to Aconcagua (Mitchell and 

Eagles, 2001; Byers, 2009, 2010; Barros et al., 2013). Such research can also contribute to 

enlarging the geographic scope of recreation ecology research and test if generalizations 

based on research principally from North America, Europe and Australia apply more broadly 

or if local factors dominate. 
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1.8 Objectives of the research  

The goal of this dissertation was to assess the ecological impacts of visitor use, focusing 

on vegetation, using Aconcagua Provincial Park in the Andes of Argentina as a case study 

(Fig. 1.6). The specific objectives of the research were to: 

 Develop and implement an innovative method to integrate Park visitor data with spatial 

biophysical data and the recreation ecology literature to determine likely ecological 

impacts at the landscape scale (Chapter 2). 

 Quantify the area directly affected by visitor use and the degree of landscape 

fragmentation in intensively used areas (Chapter 3) 

 Assist in the development of monitoring protocols for diffuse impacts of visitor use by 

examining the reliability of a rapid method to determine disturbance from dispersed use 

(Chapter 3).  

 Examine and compare the severity of impacts from trampling by hikers and pack 

animals on alpine meadows (Chapter 4). 

 Examine the impacts of grazing by horses and mules on alpine meadows (Chapter 5).  

 Determine the distribution of weeds in the Park and any association with visitor use 

(Chapter 6). 

The results of this thesis will: 1) contribute to recreation ecology research by developing 

and implementing new methods for assessing visitor impacts, 2) add to research on the 

relative impacts of hikers and pack animals, 3) add to the limited research on grazing impacts 

by pack animals in protected areas, and 4) enlarge the geographic scope of recreation ecology 

research by contributing to the limited information about visitor impacts in the Andes.  
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Figure 1.6. Details of the study sites for assessing ecological impacts of visitor use in 
Aconcagua Provincial Park, Mendoza, Argentina. (a) part of campsites and trails included in 
the desktop assessment determining likely ecological impacts, (b, c, d) intensively used areas 
assessed to determine on and off trail impacts (e) trampling experiment assessing impacts of 
pack animals and hikers (f, g) sites surveyed for assessing grazing impacts by pack animals 
and  (h) vegetation surveys to determine weeds diversity and distribution.    

(a) 

(c) 

(b) 

(e) 
(f) 

(g) (h) 

(d) 



21 
 

1.9 Content and structure of the thesis 

The thesis consists of a General Introduction (Chapter 1) and Discussion (Chapter 7) and 

five result chapters (Chapters 2-6). All the result chapters are presented as stand-alone 

manuscripts in the format for submission to journals and as such include their own reference 

list formatted to the specific Journal guidelines. Because all the studies were conducted in the 

same Park, there is some repetition in the result chapters, particularly in the site descriptions 

and introduction sections. Chapter 6 is published, chapters 4 and 5 are currently in press, 

while Chapters 2 and 3 are under review. Some results from Chapter 2, 3, 4, 7 have been 

presented at conferences. Parts of Chapter 3 have also been published as an extended 

Conference abstract.  

Publications and conference presentations based on the research in this thesis  

In press and published papers 

Barros, A., Pickering, CM., In press. Impacts of experimental trampling by hikers and 

pack animals on a high altitude alpine sedge meadow in the Andes. Plant Ecology and 

Diversity (Chapter 4). 

Barros, A., Pickering, CM., Renison, D., In press. Short-term effects of pack animals 

grazing exclusion from Andean alpine meadows. Arctic, Antarctic and Alpine Research 

(Chapter 5). 

Barros, A., Pickering, C.M., 2014. Nonnative plant invasion in relation to tourism use of 

Aconcagua Provincial Park, Argentina, the highest protected area in the Southern 

Hemisphere. Mountain Research and Development 34, 12 – 26 (Chapter 6). 

Papers in review 

Barros, A., Pickering, C.M., Gudes, O., In review. Mapping and assessing likely 

ecological impacts of visitor use by integrating visitor and environmental data with recreation 

ecology research: A case study for the highest Park in the Southern Hemisphere (Chapter 2). 

Barros, A., Pickering, C.M., In review. The rapid assessment of impacts on vegetation of 

visitor use on and off trails: A case study from the highest Park in the Southern Hemisphere 

(Chapter 3). 
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Extended abstract 

Barros, A. Pickering, C.M., 2012. Informal trails fragment the landscape in a high 

conservation area in the Andes. Proceedings of the 6th International Conference on 

Monitoring and Management of Visitors in Recreational and Protected Areas, Stockholm, 

Sweden, August 21-24. pp. 360-361 (Chapter 3).  

Conferences and Symposia 

Barros, A, Rossi, S.D., 2010. Human waste management in Aconcagua Provincial Park: 

Description and main limitations. Exit Strategies International Conference, Golden Colorado, 

USA, July 30-31, 2010 (Chapter 2). 

Barros, A., Pickering, C.M., 2011. Horses and mules do more damage to alpine meadows 

than hikers in the Andes. Ecological Society of Australia, Conference, Hobart, November 21-

25, 2012 (Chapter 4). 

Barros, A., Pickering, C.M., 2012. Fragmentation beyond roads: The impact of informal 

trails in a high conservation area. Environmental Futures Centre Student Symposium, Eco 

Centre, Nathan Campus, Brisbane, September 21, 2012 (Chapter 3). 

Barros, A., Pickering, C.M., 2012. Recreation ecology research in the dry Andes: 

Aconcagua Provincial Park. VII Southern Connection Conference, University of Otago, New 

Zealand, January 21-25, 2013 (Chapter 7). 
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CHAPTER 2 

MAPPING AND ASSESSING LIKELY ECOLOGICAL IMPACTS 

OF VISITOR USE 

The introduction chapter has provided an overall summary of the ecological impacts 

of visitor use in protected areas with a focus on mountains, including current research in 

recreation ecology. It has also provided a summary of the conservation values of the 

Andes and the importance of conducting recreation ecology research in this region 

including in Aconcagua Provincial Park. The objectives and structure of the thesis were 

also outlined.  

This result chapter addresses the first aims of the thesis: Develop and implement an 

innovative method to integrate (i) visitor data, (ii) spatial biophysical data of the Park 

and (iii) the recreation ecology literature to determine the severity of potential 

ecological impacts at the landscape level. 

This chapter is currently under review by an international scientific journal. The co-

authors of this manuscript are my supervisors Catherine Pickering and Ori Gudes. The 

citation is as follows: “Barros, A., Pickering, CM, Gudes, O. Mapping and assessing 

likely ecological impacts of visitor use by integrating visitor and environmental data 

with recreation ecology research: A case study for the highest park in the Southern 

Hemisphere.” 
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2.1 Abstract  

Nature–based tourism and recreation activities have a range of environmental impacts, 

but most protected area agencies have limited capacity to assess visitor impacts. One 

potential approach is to combine recreation ecology research with data on visitor usage 

and key environmental features to determine management priorities. We demonstrate 

the benefits of this approach using data for a popular protected area for mountaineering 

and trekking, Aconcagua Provincial Park (2400-6962 m a.s.l.) in the Andes of 

Argentina. First, we integrated visitor data from permits with environmental data using 

Geographical Information Systems. We then identified key impact indicators for 

different activities based on the recreation ecology literature. Finally, we integrated this 

data to identify likely ecological impacts based on the types of activities, amount of use 

and altitudinal zones. Impacts on water resources are likely to be concentrated in 

campsites from the intermediate to the nival/glacial zones of the Park while impacts on 

terrestrial biodiversity are likely to be more severe in the low and intermediate alpine 

zones (2400-3800 m a.s.l.). To minimize the risks posed by visitor use, management of 

the Park needs to be improved; including monitoring impacts in key locations and the 

implementation of strategies to minimise visitor impacts. Overall, this research 

demonstrates how visitor data can be used to identify priority areas for management.  

2.2 Introduction  

Protected areas are popular destinations for a range of nature-based tourism and 

recreation activities, with visitor use of protected areas increasing in many regions 

including Australia, New Zealand and South America (Balmford et al., 2009; Buckley, 

2009b). Popular activities in many protected areas include hiking, camping, mountain 

biking and wildlife viewing (Priskin, 2001; Pickering and Buckley, 2003; Buckley, 

2004; Newsome et al., 2012). The involvement of commercial companies to support 

recreational activities is also increasing, including providing transportation, guiding, 

food and lodging in protected areas (Buckley, 2009a).  

Given the popularity of protected areas and the potential impacts of visitor use, 

protected area managers are often required to document and demonstrate if specific 

activities and levels of use are sustainable and if management actions are required to 

minimize impacts (Hadwen et al., 2007, 2008b; Monz et al., 2010a; Newsome et al., 



37 

 

2012). In doing so, land managers can utilize the growing body of research on 

recreation ecology, which is the scientific study of the impacts of tourism and recreation 

activities on the natural environment (Liddle, 1997; Hammitt and Cole, 1998). This 

includes research on the effects of hiking and camping (e.g. Cole, 2004; Nepal and 

Way, 2007; Pickering and Growcock, 2009), trampling and grazing by horses (Weaver 

and Dale, 1978; Cole and Spildie, 1998; Cole et al., 2004; Newsome et al., 2004), 

mountain bike riding (White et al., 2006; Pickering et al., 2011), and the effects of 

helicopter flights on the natural environment (Barber et al., 2009; Pilcher et al., 2009), 

among others. This research has demonstrated that the severity of impacts varies among 

activities, usage patterns and environments (Liddle, 1997; Hammitt and Cole, 1998; 

Pickering and Hill, 2007; Monz et al., 2010a). 

Data on visitor usage is important for assessing the likely impacts of visitor activities 

within protected areas, including information on the location, frequency and types of 

visitor use (Wardell and Moore, 2005; Hadwen et al., 2007, 2008b; Newsome et al., 

2012). For example, monitoring the spatial distribution of visitors is critical to identify 

focal and dispersed impacts, because visitation in protected areas is not homogeneous 

but often concentrated in a few locations connected by trails and roads (Hadwen et al., 

2007; Beeco and Brown, 2013). Information about temporal patterns of use is also 

important because the type and severity of impacts vary with events such as breeding 

periods, moisture content of soils and flowering season (Monz et al., 2010a; Hadwen et 

al., 2012). For example, some mountain protected areas are popular for activities such 

as hiking and climbing in summer, which often coincides with the main period of 

vegetation growth and the breeding season for birds (Pickering and Buckley, 2003; 

Geneletti and Dawa, 2009). Activities differ in the severity of impacts, so knowing how 

many people are engaging in different activities is also important (Leung and Marion, 

2000; Pickering et al., 2010).  

Different types of activities conducted in protected areas have a range of negative 

ecological impacts including on soils, water, flora and fauna (Liddle, 1997; Cole, 2004; 

Hadwen et al., 2007; Monz et al., 2010a). Common activities such as hiking and 

camping can result in wildlife displacement, reductions in plant cover, changes in plant 

composition, introduction and dispersal of weeds along with soil loss and compaction 

(Liddle, 1997; Cole, 2004; Magro and Barros, 2004; Pickering et al., 2010). High 

impact activities, such as horse riding often do more damage to vegetation and soils due 
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to the greater pressure exerted by horses hooves than hiker shoes, plant defoliation 

through grazing, damage to trails and nutrient addition from manure and urine (Liddle, 

1997; Cole and Spildie, 1998; Monz et al., 2010a; Pickering et al. 2010). The use of 

aircraft for wildlife viewing and/or transportation can alter animal movements and 

change feeding patterns (Barber et al., 2009). Other impacts include those from 

commercial and public infrastructure such as the loss of vegetation along trails (Hill and 

Pickering, 2006), harvesting and use of water in campsites and contamination of soils, 

rivers and lakes with human waste and chemicals from campsites (Hadwen et al., 2005, 

2008a; Prideaux et al., 2009). There have been several recent reviews of recreation 

ecology research (Cole, 2004; Monz et al., 2010a; Pickering et al., 2010, Steven et al., 

2011; Monz et al., 2013) which can be used to identify potential impacts for specific 

activities and appropriate indicators/measures for these impacts.  

Visitor indicators can be combined with biophysical data for protected areas to 

determine the severity of likely ecological impacts (Pickering, 2010). This can be done 

by using Geographical Information Systems (GIS) to map patterns of use and potential 

sites where impacts can occur and where the environment is particularly vulnerable 

(Bahaire and Elliott-White, 1999; Wardell and Moore, 2005; Beeco and Brown, 2013). 

Geographical Information Systems is already commonly used for the management of 

protected areas including the integration of multiple data sets from different sources (De 

Aranzabal et al., 2009; Brown and Weber, 2011; Beeco and Brown, 2013; D'Antonio et 

al., 2013; Walden-Schreiner and Leung, 2013). It can be used to map patterns of visitor 

use including the distribution and movement of visitors over time and space (Arnberger 

and Hinterberger, 2003; Wardell and Moore, 2005; Hallo et al., 2012). Information 

about the distribution of visitor is important as use is often concentrated in certain 

locations and/or trails. Knowledge of the biophysical features of these locations adds to 

this information by indicating where, and often why, any impacts may be greater (Dixon 

et al., 2004; Beeco and Brown, 2013). For example, erosion and other types of damage 

from trails vary depending on the vegetation and soil type (Dixon et al., 2004; 

Tomczyk, 2011; Barros et al., 2013; Hawes et al., 2013).  

While many protected areas have data on biophysical features as part of conservation 

planning frameworks (Groves et al., 2002; Newsome et al., 2012), few have detailed 

information on visitor usage patterns (Cessford and Muhar, 2003; Arnberger et al., 

2005; Wardell and Moore, 2005; Hadwen et al., 2007). Protected areas often lack the 
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resources to collect visitor data, with few protected areas using monitoring techniques 

such as on site counters, video cameras, field observations and entry registrations 

(Cessford and Muhar, 2003; Wardell and Moore, 2005; Eagles, 2013). Nevertheless, 

many protected areas, particularly those with high visitor loads or including icon sites, 

can collect visitor data from permit and booking systems (Parsons et al., 1982; Cessford 

and Muhar, 2003; Wardell and Moore, 2005; Hadwen et al. 2007, 2008b). 

Permit/booking systems are used in wilderness areas in the United States and Canada 

(Parsons et al., 1982; Eagles, 2013), World Heritage Sites such as Galapagos National 

Park in Ecuador (Benitez, 2001) and high mountain summits and trekking destinations 

in the Himalayas (Salisbury and Hawley, 2007), the Andes (Barros et al., 2013), the 

Alaska range (Eagles, 2013) and Australia (Rundle, 2002).  

The aim of this research was to demonstrate how protected areas agencies can use a 

spatial based analysis to determine the likely ecological impacts of visitation using 

existing data on visitor infrastructure and usage patterns, the recreation ecology 

literature and the biophysical features of the protected area (Fig. 2.1). These datasets can 

be integrated using GIS to identify likely impacts including the locations where impacts 

are likely to be more severe. This spatial analysis can be used to identify where 

management actions are required to minimize and/or ameliorate existing impacts and 

where there should be field-based monitoring of impacts. We illustrate this approach 

using data from the highest Park in the Southern Hemisphere, Aconcagua Provincial 

Park in Argentina. 

2.3 Methods 

Study site  

Aconcagua Provincial Park (710 km2, 69º56’ W, 32º39’ S) in the Southern Andean 

Steppe ecoregion of the Central Andes, Argentina, is characterized by a cold and dry 

climate, with low temperatures year round (Departamento General de Irrigación, 2011). 

The Park includes the highest peak in the Southern Hemisphere, Mt. Aconcagua (6962 

m a.s.l.), and is a popular destination for international mountaineers (Barros et al., 

2013). It was declared a protected area in 1983 to conserve glaciers, rivers, alpine 

ecosystems and archaeological sites (Barros et al., 2013). The Park is classified as a 

Category II as defined by the International Union for the Conservation of Nature 
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(IUCN, 1994) and it is managed by the Mendoza Natural Resource Division of the 

Mendoza State Government, Argentina. There has been limited human use of the 

Aconcagua area, with transient use by pre-Incas and Inca aboriginal communities for 

ceremonies (Barcena, 1998), some military training in the mid-1900s (Quiroga, 1996), 

and mountaineering and trekking from the 1980s till the present (Dirección de Recursos 

Naturales, 2009). Based on its biophysical features the Park is divided into four 

altitudinal zones: 1) low alpine (2400-3200 m a.s.l.), 2) intermediate alpine (3200-3800 

m a.s.l.), 3) high alpine (3800-4400 m a.s.l.) and 4) nival/glacial (4400-6962 m a.s.l.). 

Only 30% of the Park is covered by vegetation (210 km2), mostly in the low and 

intermediate alpine zones (Mendez et al., 2006), where visitor use is also concentrated 

(Barros et al., 2013) (Table 2.1). In the high alpine zone there is nearly no vegetation, 

with plants occurring only in sheltered sites. Above the altitudinal limit of vegetation in 

the nival/glacial zone, the area is covered by permafrost soils, glaciers (uncovered, 

debris covered and rock glaciers) and snow that regulates river flows (Corte and 

Espizua, 1981). There are more than 120 plant species recorded in the Park, along with 

an increasing diversity of weeds which are predominantly from Europe in the lower 

areas of the Park (Barros and Pickering, in review). The Park is an important water 

catchment for Mendoza River that supplies water to a population of over 1 million 

people and for irrigated agricultural areas (IANIGLA, 2012). 

The Park provides habitat for > 90 bird species, predominantly in the alpine steppe 

and meadows (Olivera and Lardelli, 2009; Barros et al., 2013). Ground nesting birds are 

common including seedsnipes, earthcreepers and ducks, which are threatened by egg 

predation by feral dogs and trampling from pack animals and hikers (Olivera and 

Lardelli, 2009). The only large native grazing mammal in the Park is the camelid Lama 

guanicoe (guanaco). 

Over the last two decades visitor use of the Park has increased during the five month 

visitor season that runs from November to March from ~1000 hikers in the 1990s to 

6000 hikers and climbers in 2010-2011 (Dirección de Recursos Naturales, 2011). In 

addition, the front country area of the Park is a major sightseeing destination with over 

27,000 day visitors over the visitor season. Coupled with this increasing visitor use is an 

increase in commercial services including the provision of guides and porters, base 

camp facilities and pack animal (mules and horses) transportation for food and 

equipment for mountaineers (Dirección de Recursos Naturales, 2009). With increasing 
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usage, the Park agency has also increased the number of staff during summer and the 

use of a helicopter for rescues, staff movement, evacuations and waste management 

(Dirección de Recursos Naturales, 2009).  

Spatial based analysis 

A spatial based analysis approach was used to determine the severity of likely 

ecological impacts. It involved six stages: 1) collection of existing data on Park visitor 

infrastructure, 2) conversion of visitor permit data and commercial operator data into 

GIS layers to map visitor distribution and use intensity, 3) identification of key 

biophysical features and collection of this data in the form of GIS layers, 4) 

identification of likely impacts and relevant indicators for the range of visitor activities 

based on recreation ecology literature, 5) calculation of impact indicator values using 

visitor and infrastructure data, and 6) classification of impact indicator values and 

biophysical features and integration of these data sets to assess the severity of likely 

impacts on water resources and terrestrial biodiversity in specific locations in the Park 

(Fig. 2.1). This methodology was derived from, and expands on, previous conceptual 

frameworks developed to integrate visitor data and/or activities in protected areas with 

visitor impact research (Ward et al., 2002; Hadwen et al., 2008b; Castley et al., 2009). 

Collection of visitor infrastructure data  

The first stages in this process involved obtaining spatial and attribute data of trails, 

campsites, infrastructure, and helicopter routes from the Park Agency as GIS layers 

(Figs. 2.1 and 2.2). Trail data (polylines) included the altitudinal range, length and 

average width of each trail section. Attribute information on the average width of trails 

was then used to determine the buffer area per trail section converting the line features 

into polygons. Campsite data included the areal surface of campsites (polygons), the 

buffer areas used by pack animals around campsites (polygons) and the areal surface of 

all infrastructure (polygons). Helicopter data included the length of each helicopter 

route (polylines) and the take-off and landing locations in campsites (polygons). 

Helicopter line features were then converted into polygons with a buffer area of 5 m.  
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Figure 2.1. Spatial based assessment framework showing the six steps followed to integrate visitor and environmental data with recreation 
ecology research to assess the severity of likely impacts in a protected area.  
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Table 2.1. Biophysical characteristics and potential ecological impacts of visitor use in each of the four main zones, Aconcagua Provincial Park. 

Zone and elevation range Biophysical characteristics Likely ecological impacts of visitor use 

Front country/low alpine 
(2400-3200 m) 

Represents 8% of the Park. Over 50% of the area covered by 
steppe vegetation and 1.4% by alpine meadows. High bird 
species richness (> 60 spp.) and important bird nesting sites. 
Presence of guanacos in winter. Snow cover only in winter.  

Vegetation clearance and disturbance due to trampling, camping and 
infrastructure. Weed dispersal through clothing and pack animal dung. 
Wildlife displacement due to helicopter noise, camping and trampling. 
Reduced habitat quality for ground nesting birds due to heavy trampling. 
Potential changes in hydrological dynamics of high use alpine meadows 
due to water extraction (e.g. meadows in the Horcones Valley). 

Intermediate alpine  
(3200-3800 m) 

Represents 20% of the Park. Around 40% of the area covered by 
steppe vegetation and 0.4% by alpine meadows. High bird 
species richness (> 40 spp.) and important bird nesting sites. 
Presence of guanacos in summer. Glacier feeding areas.  

Vegetation clearance and disturbance due to trampling and camping. 
Weed dispersal through clothing and pack animal dung. Wildlife 
displacement due to helicopter noise, camping and trampling. Reduced 
habitat quality for ground nesting birds due to trampling. Potential 
changes in hydrological dynamics of high use alpine meadows due to 
water extraction (e.g. meadows in Casa de Piedra, the Vacas Valley). 

High alpine 
 (3800-4400 m) 

Represents 36% of the Park. Less than 5% of the area covered 
by vegetation in sheltered sites. Moderate bird species richness 
(> 11 spp.). Snow covered in winter and sporadic snow in 
summer. Area characterized by permafrost soils, glacier feeding 
areas, some covered glaciers, and glacier lakes. 

Direct contamination of glaciers, lakes, rivers, snow and rock glaciers 
from human waste and grey water discharge. Wildlife displacement due 
to helicopter and generator noise.  

Nival/Glacial  
(4400-6962  m) 

Represents 34% of the Park. Low bird species richness (< 3 
spp.). Snow covered in winter and summer. Area characterized 
by permafrost soils, uncovered glaciers, rock and debris covered 
glaciers and glacier feeding areas. Temporary high altitude 
lakes. 

Direct contamination of snow and ice by human waste  

 



44 

 

Conversion of visitor permit data into GIS layers to map visitor distribution 

Data on visitor numbers including tourists and tour operators, pack animals and helicopter 

flights were provided by the Aconcagua Provincial Park Agency (Fig. 2.2). This Agency 

collects data from fee permits for tourists and commercial tour operators (Dirección de 

Recursos Naturales, 2011). Tourist data were provided in an excel sheet spreadsheet, 

including the number of day entries per Valley, the trail sections and campsites they used and 

the types of activities they undertook in the Park (day visit, short or long trek, climb). The 

Agency also has data on the estimated number of days tourists spent in each location and the 

number of passes by visitors per trail section based on different types of activities (Dirección 

de Recursos Naturales, 2009). Based on these data it was possible to calculate the number of 

visitors per day per campsite and the trail usage for each day and for the whole summer 

season (Fig. 2.2). This was done using an iterative mathematical formula developed for the 

Park by Rada et al. (2007) that uses predefined standard visitor itineraries to determine visitor 

flows per activity. For example, the standard 15 day trip from the road head to Mt. 

Aconcagua involves staying a specified number of nights in a series of campsites. Therefore 

it is possible to calculate how many visitors will stay each night in each campsite and which 

trail sections they will use each day based on the starting date of their trip.  

Data on distribution patterns of Park staff and those employed by tourism operators were 

also obtained and mapped in GIS. Data on Park staff, including the number of days staff 

spent in each ranger station in campsites and the use of trail sections were obtained from Park 

reports (Dirección de Recursos Naturales, 2009). Data on usage patterns for people employed 

by commercial operators were obtained from commercial registration fees that included the 

number and length of stay of all their employees in each campsite during a summer season 

(Dirección de Recursos Naturales, 2009). Data on patterns of use by pack animals collected 

by the Park includes the number of animals entering each Valley per day and the estimated 

length of stay per Valley (Dirección de Recursos Naturales, 2011). The same formula 

developed by Rada et al. (2007) was used to estimate the number of pack animals in each 

location and the number of passes per trail section per day and for the whole season. 

Helicopters flights including the routes used and the duration of each flight were recorded 

daily by Park staff and provided in an excel spreadsheet (Dirección de Recursos Naturales, 

2011).  
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Figure 2.2. Steps to estimate visitor use and impact indicator values based on the visitor data provided for Aconcagua Provincial for the 
2010/2011 season. To integrate the impact indicator values with the corresponding GIS shapefiles, an excel spread sheet with the values of the 
impact indicator was joined and related to the corresponding feature of the GIS layer by using a common field (e.g. number of passes in campsite 
A joined with campsite A feature).  
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Based on the data on visitors, Park staff and employees of tour operators, it was possible 

to calculate and map the total number of people, pack animals and helicopter flights in the 

Park including for each trail section and/or campsite for the visitor season (November to 

March) (Fig. 2.2). This was accomplished by using the join and relates function in ArcGIS 

(10.1) to link visitor/staff data with the respective trail feature and/or campsite. Helicopter 

data (number of flight hours per route) were linked to the GIS helicopter routes using the 

same function (Fig. 2.2).  

Identification of key biophysical features  

Relevant biophysical features likely to be affected by visitor use were identified based on 

the existing recreation ecology literature (Table 2.2) and the conservation objectives of the 

protected area (Dirección de Recursos Naturales, 2009; Castley et al., 2009) (Figs 2.1 and 

2.3). This included data on the following features: glaciers, vegetation, water bodies, birds 

and native camelids (Lama guanicoe). Spatial and attribute data for these biophysical features 

were obtained from research institutions and the Park Agency in the form of GIS layers. This 

included data from the Argentine Institute of Snow Research, Glaciology and Environmental 

Sciences (IANIGLA, 2012) on snow and glacier cover and type (uncovered glacier and 

perennial snow, debris-covered glacier, rock glacier, rocky area); data on water bodies and 

type (river, creeks and lakes) (Dirección de Recursos Naturales, 2009); and data on 

vegetation cover and type (alpine steppe and meadows) (Zalazar et al., 2007). Data on bird 

species richness per trail section and important bird nesting areas were provided in the form 

of GIS layers (polygons) by Park staff who monitor bird species (Olivera and Lardelli, 2009; 

Ferrer et al., 2010). Data on the distribution of native camelids was obtained from the Natural 

Resource Division (Asencio, 2008; Dirección de Recursos Naturales, 2009).  

In addition to the data provided, a GIS layer including elevation zones was created in 

ArcGIS from a 90 m resolution digital elevation model (DEM) generated by Shuttle Radar 

Topography Mission (SRTM). These zones have distinct biophysical features including 

differences in vegetation and climate and they experience different levels and types of visitor 

use. Slope was not included in this study because of the low resolution of the available digital 

elevation model.  
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Table 2.2. Details of likely ecological impacts due to visitors/staff, pack animals and helicopter flights in the four main zones of Aconcagua 
Provincial Park, Mendoza, Argentina and key references. ● activity occurs, × likely ecological impacts, * impact documented in the Park, with 
references for Park indicated by a. LA = low alpine, IA = intermediate alpine, HA = high alpine, NG = nival/glacial.  

Likely ecological impacts LA IA HA NG Key references 

Visitor campsites and trails ● ● ● ●   

Vegetation and soils      

Vegetation clearance & disturbance due to camping & trampling  * * ×  Barros 2004a; Barros et al., 2013a; Liddle, 1997; Cole, 2004. 
Changes in plant composition due to trampling & camping * *   Barros et al., 2004a; Cole et al., 2008; Monz et al., 2010a. 
Introduction & invasion of exotic species along trails  * *   Barros 2004a; Hill & Pickering, 2006; Monz et al., 2010a. 
Soil erosion & compaction due to camping & trampling * * ×  Leung & Marion, 1996; Olive & Marion, 2009. 
Trail widening due to heavy trampling * *   Barros et al, 2013a; Wimpey & Marion, 2010; Monz et al., 2010a.  
Increased nutrient addition in soils due to human waste      Bridle & Kirkpatrick, 2003. 
Internal fragmentation from the creation of informal trails × ×   Leung et al., 2011. 
Littering × × × × Monz et al., 2010a. 
Wildlife      
Temporal or spatial displacement of wildlife due to presence of humans  × × ×  Monz et al. 2010a; Malo et al., 2011. 
Reduced habitat quality due to fragmentation through informal trails × ×   Leung et al., 2011. 
Increased barrier for movement for small mammals & insects due to 
fragmentation through informal trails × ×   Leung et al., 2011. 
Alteration of animal behaviour & feeding patterns due to wildlife feeding × ×   Orams, 2002. 
Decrease in bird species richness & diversity due to human presence × × ×  Heil et al., 2007. 
Water/Snow/Glaciers      
Modified drainage patterns due to water extraction in campsites × × ×  Hadwen et al., 2008a; McClymont et al. 2010 
Increased nutrients & associated algal growth in lakes & rivers due to human 
waste  × × *  Barros 2004a; Hadwen et al., 2005, 2008a; Prideaux et al. 2009. 
Changes in water surface tension, addition of nutrients due to discharges × * *  EPAS, 2008a, Hadwen et al., 2008a. 
Glacier & snow pollution due to human waste in campsites   × × Goodwin et al., 2012. 
Weed dispersal through machinery ×    Pickering et al., 2010. 
Weed dispersal mediated by humans through clothing & equipment × × ×  Pickering & Mount, 2010. 
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Pack animal transport ● ● ●     
Vegetation and soil      
Vegetation clearance & disturbance due to trampling * *   Barros et al., 2013a; Pickering et al., 2010. 
Changes in plant composition due to grazing × ×   Milchunas & Lauenroth, 1993; Cole et al., 2004. 
Reduced biomass due to patchy grazing × ×   Cole et al., 2004. 
Plant defoliation through grazing × ×   Cole et al., 2004. 
Soil erosion and compaction from pack animal hooves * *   Weaver & Dale, 1978; Wilson & Seney, 1994. 
Weed dispersal through dung and fur × × ×  Pickering & Mount, 2010. 
Wildlife      
Reduced habitat quality for native wildlife due to plant defoliation & 
trampling × ×   Cole et al., 2004. 
Native wildlife displacement & changes in feeding behaviour due to 
competition for food with pack animals × ×   Puig et al., 2001; Borgnia et al., 2008. 
Increased exposure of nests to predators due to plant defoliation & 
trampling × ×   Zalba & Cozzani, 2004; Roodbergen et al., 2012. 
Water/Snow/Glaciers      

Nutrification of waterways through horse manure × × ×   Hadwen et al., 2008a; Pickering et al., 2010. 
      
Helicopter flights ● ● ● ●   
Vegetation      
Vegetation clearance & disturbance due to landing site construction  × × ×  Barber et al., 2009. 
Wildlife      
Increased habitat fragmentation & connectivity due to helicopter noise × ×      × × Barber et al., 2009. 
Change in animal behaviour & feeding patterns of large ungulates due to 
helicopter flights & noise × ×   Stockwell et al., 1991, Côté, 1996. 
Negative effects on raptor reproductive success  × × ×  Andersen et al., 1989. 
Water/Snow/Glaciers      
Oil spill in water systems & soils × × ×  Barber et al., 2009. 
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Identification of visitor impact indicators  

The first step was to identify likely ecological impacts from the scientific literature for the 

three main activities (visitors, pack animals and helicopter) that are likely to adversely affect 

the conservation values of the Park (Tables 2.1 and 2.2) (Buckley, 2003; Castley et al., 2009). 

Likely ecological impacts were identified for each zone based on its biophysical features and 

where activities occur. We then identified relevant indicators for the different impacts based 

on reviews of visitor impact indicators (Manning, 1999; Sirakaya et al., 2001; Petrosillo et 

al., 2006; Castley et al., 2009) (Fig. 2.3).   

Indicators included “pressure indicators”, that have a direct impact on the state of the 

environment (e.g. trampling intensity on vegetation), and “environmental state indicators”, 

indicating the condition of the environment (e.g. percentage of vegetation cleared) (Sirakaya 

et al., 2001; Buckley, 2003). For this study, pressure indicators referred to the intensity of use 

(i.e. pack animal use intensity) and the consumption/contamination water resources (i.e. 

water extraction, grey water discharge) and environmental state indicators referred to the 

consumption of biological resources (i.e. vegetation clearance for trails and campsites). 

Where management factors were likely to reduce the impacts (e.g. removal of human waste 

through helicopter), before and after management interventions values were calculated (e.g. 

Table 2.3). 

The main criteria to select these indicators were: 1) that they reflect the main types of 

visitor activities in the Park, 2) that they are ecologically important and relevant to the key 

biophysical features in the Park, and 3) that they are quantifiable and can be integrated with 

visitor and/or infrastructure data (Manning, 1999; Sirakaya et al., 2001; Buckley, 2003). This 

last criterion was critical for quantifying the value for the impact indicator based on visitor 

data (i.e. kg dung based on the number of pack animals overnighting at a specific campsite) 

and/or visitor infrastructure data (e.g. percentage vegetation cleared based on trail length and 

width).  

For trails, four linear impact indicators were selected. These were: 1) the number of passes 

by people along trails, 2) the number of passes by pack animals along trails, 3) damage to 

vegetation along trails, and 4) the routes used for all helicopter flights. Additional indicators 

were nodal and focused around campsites. These were: 5) damage to vegetation in campsites 

6-7) pack animals and people use intensity, 8) manure production, 9) human waste, nutrient 
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addition through 10) human waste and 11) manure (phosphorus and nitrogen), 12) litter 

production, 13) water consumption, 14) black water, and 15) grey water discharge (Fig. 2.3).  

Calculation of values for impact indicators  

Values for each of the 15 impact indicators were calculated for the 2010/2011 visitor 

season using data on the intensity of use for each location (campsite or trail section) (Figs. 2.1 

and 2.2, Table 2.3). Values for pressure indicators were calculated based on the intensity of 

use of a location by people or pack animals multiplied by the number of uses per day or the 

amount of material used/produced per day for that indicator (e.g. water consumption = water 

usage per person per day * total number of people per season in that campsite) (Table 2.3). 

For some indicators (e.g. human faeces, dung, nutrient addition) usage values of pressure 

indicators were obtained from the scientific literature. Because of the particular use of the 

Park for mountaineering and hiking, daily usage values of litter production, water 

consumption, black water and grey water discharge, were obtained in the Park from a 

questionnaire of all commercial operators in campsites. Values for environmental state 

indicators (vegetation clearance) were calculated based on the GIS data provided by the 

Department of Natural Resources for the length and width of each trail section and areal 

surface of campsites. 

Once all values for impact indicators on each trail section and campsite were calculated, it 

was possible to estimate total values for each impact indicator for the four main zones in the 

Park and for the whole Park (Table 2.3). All impact indicator values were integrated with the 

corresponding GIS layers on trails, campsites and helicopter routes as described in the 

following steps (Fig. 2.2).  

Integration of impact indicators with key biophysical features to assess likely impacts  

To assess the severity of likely impacts, we first linked impact indicator values for trail 

sections and locations with the respective GIS layers (trail, helicopter route or campsite) 

using the join and relate functions in ArcGIS (Fig. 2.2). Using the query tool it was possible 

to join several tables or return a subset of columns or rows from the original data in the 

database to a GIS layer. The primary condition is that both GIS layers and databases have 

common fields and types which enable this process. For example, statistical area code, or 

campsite or trail section name in the case of our study. Next, separate shapefiles were created 

for each impact indicator to run the weighted sum overlay analyses in ArcGIS to assess the 

severity of the likely ecological impacts (Fig. 2.3). This type of approach is commonly used 
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for suitability and vulnerability analyses in environmental science and more recently in 

recreation planning, as it can be used to combine multiple inputs to create an integrated 

analysis (Kliskey, 2000; Geneletti, 2008; De Aranzabal et al., 2009).  

To better determine the severity of likely impacts on biophysical features (Ward et al., 

2002), we classified biophysical features as either related to water resources or terrestrial 

biodiversity and then selected impact indicators directly relevant to these two separate 

components (Fig. 2.3). Key features of water resources included 1) glacier type and 2) 

distance of campsites from water bodies (rivers, streams and lakes). Campsite impact 

indicators included: 1) water consumption, 2) black water discharge, 3) grey water discharge, 

4) manure production, 5) human waste, and 6-7) nutrient addition (P, N). Key features of 

terrestrial biodiversity included: 1) vegetation, 2) camelid distribution, 3) bird species 

richness, and 4) distance to areas where birds nest. Trail indicator shapefiles of terrestrial 

biodiversity included 1-2) the number of passes by pack animals and people, and 3) 

vegetation clearance. Helicopter routes were not included in this analysis because of a lack of 

biological data (i.e. native camelid distribution, bird species richness, bird nesting areas) on 

flight route areas commonly used by the helicopter. Campsite indicator shapefiles of impacts 

on terrestrial biodiversity components included: 1-2) people and pack animal use intensity, 3) 

vegetation clearance, and 4) helicopter use intensity in campsites (take off and landing) (Fig. 

2.3). All shapefiles were projected into the UTM zone 19S WGS84 (meters). Distance to bird 

nesting areas and water bodies (rivers, streams, lakes) were calculated using the near analysis 

tool in ArcGIS that determines the distance from each feature in the input features (e.g. trail) 

to the nearest feature in the near features (e.g. river). 

For all the relevant shape files, impact indicators and biophysical components were 

classified into five classes, with five representing the highest category based on the level of 

vulnerability, conservation value and/or level of use (Fig. 2.3, Table 2.4) (Castley et al., 

2009). Impact indicator values for different levels of use were categorized using Jenk’s 

natural breaks classification that reduces variance within groups and maximizes variance 

between groups (Cromley, 1996). For biophysical components, the classification was based 

on the conservation value and/or vulnerability of that component to the impact indicators 

(Castley et al., 2009) (Table 2.4). For example, the highest category (category 5) for glaciers 

was assigned to uncovered glaciers and snow because of the potential threat of direct 

contamination from human waste and/or other waste discharges (Goodwin et al., 2012). For 

vegetation, the two vegetation types were considered highly vulnerable to disturbance from 
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the indicators, but meadows were given the highest category (category 5) because of their 

high conservation value and limited distribution (Barros et al., 2013). For important bird 

nesting areas, categories were based on the distance of nesting sites from disturbance, with 

the highest category for those trails and or campsites that were closest to these natural 

features (e.g. < 100 m, Table 2.4) (Fernández-Juricic et al., 2001; Steven et al., 2011). To 

categorize the level of vulnerability of water bodies to disturbance, the same criterion was 

used, with the highest category for campsites close to a water body (e.g. < 5 m from a stream, 

Table 2.4).  

After all data was classified, each shapefile was converted into separate raster layers with 

the same cell sizes (1 meter) (Fig. 2.3). Then three different weighted overlay sum analyses 

were run to examine the severity of likely ecological impacts on terrestrial biodiversity from 

1) trail indicators, 2) campsite indicators, and 3) on water resources from campsite indicators. 

For the three analyses, all biophysical components and associated impact indicators were 

given the same weight of importance (1) except for pack animal passes which was given a 

higher weight (1.2) because trampling by pack animals has a greater effect on vegetation and 

soils compared to hiking people (Liddle, 1997). The results from the raster cell values of the 

three analyses were used to produce aggregate maps for severity indices on water resources 

and terrestrial biodiversity in campsites and on trails.  
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Figure 2.3. Steps to assess the severity of likely impacts on biophysical components (water resources and terrestrial biodiversity) of Aconcagua 
Provincial Park by integrating impact indicator values with biophysical data on trails and campsite areas.  
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Table 2.3. Integration of visitor, pack animal and helicopter data for the 2010/2011 season (November – March) with impact indicators per zone 
in Aconcagua Provincial Park. PR = park reporting, FS = field survey, N = nitrogen and P = phosphorus. [1] Loso et al., 2012; [2] Almeida et al., 
1999; [3] Tao & Mancl, 2008; [4] Matsui et al., 2003; [5] Vinneras 2002; [6] Westendorf & Krogmann, 2009. Values per zone were estimated 
by summing the values obtained per location (campsite or trail section) in a season within each zone. LA = low alpine, IA = intermediate alpine, 
HA = high alpine, NG = nival/glacial. 

 
Data source 

Zones  
  LA IA HA NG Total 
Impact indicators       
a. Intensity of use       
    # campsites   4 4 4 7 19 
   Visitors       

a1.  # tourist entries   33,976 6,285 5,102 3,620 33,976 
a2. # tourists season  Fees  37,099 10,793 18,479 14,486 80,857 
a3.  # staff season   PR 1,100 1,500 12,900 400 15,900 
a4.  # people season (a2 + a3) Fees/ PR 38,199 12,293 31,379 14,886 96,757 

   Pack animals (mules and horses)       
a5.  # entries season PR 5,631 5,631 5,631  16,893 
a6.  % day utilization per campsite (24 hours = 100% = 1) PR 0.56 ± 0.54 0.42 ± 0.40 0.03 ± 0.01  0.21 ± 0.14 
a7.  Use intensity season (a5 * a6) (# pack animals) PR 6101 4589 197  10887 

  Helicopter transport       
a8.  # hours take off and landing season PR 13 2 6 1 22 
a9.  # hours overflight PR 49 23 106 62 239 

a10. Trails length (km)  37 33 23 21 114 
   Visitors        

a11. Passes people season  Fees /PR 85,400 18,284 15,318 33,828 15,2830 
    Pack animals       

a12. Passes mules season   PR 11,262 11,262 11,262  28,380 
b. Litter production        

b1. Kg. produced person day per campsite  FS 0.41 ± 0 0.70 ± 0.17 1.21± 0.27 0.9 ± 0.09  
b2. Tons produced season (a4 * b1)  16 11 32 14 73 

c. Water consumption        
c1. Litres usage person day per campsite FS 25 ± 4 15 ± 9 16 ± 4 4 ± 0  
c2. Cubic meters season (a4 * c1)  626 462 627 60 1774 
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d. Black water discharge        
d1. Litres discharged person day per campsite FS 11 ± 4 4 ± 4    
d2. Cubic meters discharged season (a4 in campsites with 
flush toilets * d1)  404 170   574 

e. Greywater discharge season        
e1. Litres discharged person day campsite  FS 10 ± 5 7 ± 5 12 ± 4   
e2. Cubic meters discharged season (a4 * e1) Fees 69 242 501  812 

 f. Human waste       
f1. Tons human faeces produced season (0.156 kg person day 
* a4 in campsites with dry toilets or packout systems) [1]/ PR 5 2 3 2 11 

f2. Tons human faeces left (f1 * 10% non compliance) P/    0.19 0.19 
f3. Cubic meters urine season (1.2 l/day * a4) [2] /PR 46 15 38 18 116 
f4. Litres urine left season (f3 – campsites without flush 
toilets)  PR 2 2.07 37.65 17.86 60 

g. Pack animals manure       
g1. Tons dung season (21 kg/horse day* a7) [3]/ PR 128 96 4  229 

g2. Cubic meters urine season (6 l/horse/day * a7) [4]/PR 37 28 1  65 
h. Nutrient addition through human waste and manure       

h1. Kg. N input human faeces season (0.01 kg N / 1 kg) [5]/ PR 0 0 0 2 2 
h2. Kg. N input human urine season (0.011 kg N / 1 l) [5]/PR 24 23 414 196 658 
h3. Kg. N input pack animals season (0.001 kg/horse/day) [6] 6.1 4.6 0.2 0.0 10.9 
h4. Total Kg. N (h1 + h2 + h3)  31 27 414 198 671 
h5. Kg. P input  human faeces season (0.003 kg P / 1 kg) [5]    0.58 0.58 
h6 Kg. P input human urine season  (0.0008 kg P / 1 l)  [5] 1.78 1.66 30.12 14.29 47.85 
h7. Kg. P input  pack animals season (0.0025 kg/ horse/ day) [6] 15.3 11.5 0.5 0.0 27.3 
h8. Total Kg. P (h5 + h6 + h7)  17 13 31 15 76 

i. Affected vegetation by visitor use        
i1. Campsite surface affected (ha) PR 6 5 - - 8 
i2. Grazing areas (ha) PR 893 387    
i3. Trail width (m) PR 22 ± 12 12 ± 2 12 ± 3 6 ± 1  
i4. Trail surface affected (a10 * i3) (ha) PR 23 48 - -  71 
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Table 2.4. Category classification for biophysical components (water resources and terrestrial biodiversity) and the associated campsite and trail 1 
impact indicators. Classes refer to: (a) level of vulnerability, (b) conservation value and (c) level of use. C. = category. Dist. = distance. HW = 2 

human waste. BNA = bird nesting areas.  3 

Campsite impact indicators for water resources 

C. Class  Glaciers (a) Dist. river 

& lakes (m) 

(a) 

Water 

consumption 

(m
3
) (c) 

Black water 

discharge 

(m
3
) (c) 

Grey water 

discharge 

(m
3
) (c) 

HW (kg) 
(c) 

Manure 

(tons) (c) 
N (kg) (c) P (kg) (c) 

1 Very low/Null  No glacier < 1000  0.001 to 0.08 0 0 0 0 0 0 
2 Low  Rocky area 999 to 500 0.09 to 11 0.001 to 10 16 to 39 1 to 2 0.001 to 0.2 0.1 to 18 1 to 19 
3 Medium  Rock glacier 499 to 200 12 to 38 11 to 55 40 to 66 2 to 19 0.3 to 2.5 19 to 41 20 to 34 
4 High  Debris-covered 199 to 5 39 to 236 56 to 170 67 to 380 29  to  37 2.6 to 5.1 41 to 69 45 to 73 

5 Very high Snow/glacier 5 to 0 237 to 365 171 to 339 381 to 548 37 to 62 5.1 to 123 69 to  259 74 to 277 
Trail impact indicators for terrestrial biodiversity 

C. Class Vegetation (a) Camelid 

distribution(b) 
Bird sp. 

richness per 

trail section(b) 

Trail dist. 

BNA (m) (a) 
Trails veg. 

clear (ha) (c) 
# passes people (c) # passes 

pack animal 

(c) 

 

1 Very low/Null Bare ground No obs. 1 to 3 > 400 m Above alpine 1 to 24 No passes 
2 Low  N/A N/A 4 to 10 300 to 400 3 to 5 25 to 4458 N/A 
3 Medium  N/A N/A 11 to 32 299 to 200 5.1 to 7 4459 to 6277 N/A 
4 High  Alpine steppe Incidental obs. 33 to 40 199 to 100 7.1 to 14 6278 to 14424 5406 
5 Very high Alpine meadows Frequent obs. > 40 0 to 99 14.1 to 22 14425 to 66515 5856 

Campsite impact indicators for terrestrial biodiversity 

C. Class Vegetation(a) Camelid 

distribution(b) 
Bird sp. 

richness per 

trail section (b) 

Campsite dist. 

BNA (m) (a) 
Campsite veg. 

clearance (ha) 
(c) 

People use 

intensity (u) (c) 
Pack animal 

use intensity 

(u) (c) 

 

1 Very low/Null  Bare ground No obs. 1 to 3 > 400 m Above alpine 1 to 20 0 
2 Low  N/A N/A 4 to 10 300 to 400 0.2 to 0.3 21 to 2852 2 to 75 
3 Medium  N/A N/A 11 to 32 299 to 200 0.31 to 1 2853 to 4788 76 to 122 
4 High  Steppe Incidental obs. 33 to 40 199 to 100 1.1 to 1.5 4789 to 18270 123 to 244 
5 Very high Meadows Frequent obs. > 40 0 to 99 1.51 to 3.3 18271 to 32303 245 to 5857     
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2.4 Results 

Visitor infrastructure 

Only 2% of the Park was directly used by people and pack animals, with visitor 

infrastructure and use concentrated in the two valleys used to access Mt. Aconcagua (Figure 

2.4a). The Park contains a network of > 114 km of informal trails, of which 63% are in the 

low and intermediate alpine zones and 37% in the high alpine and nival/glacial zones (Fig. 

2.4a). It also contains 19 campsites with those in the nival/glacial zone closer together (1.8 ± 

1.9 km) than those in the low, intermediate and high alpine zones (5.1 ± 3.9 km). In the low 

and intermediate alpine zone, trails and campsites are close to water sources and often occur 

in areas with vegetation cover along the valley floors (Fig. 2.4a). In the high alpine and 

nival/glacial zones, trails traverse rocky areas with steeper slopes with campsites next to 

water sources including glacier lakes and rivers, glaciated areas (e.g. rock glaciers, debris- 

covered glaciers), and areas with some snow cover in summer. 

Spatial and temporal patterns of visitor use 

During the 2010/2011 summer season, a total of 33,976 tourists, 5,631 pack animals, ~120 

employees of commercial operators and 30 park staff used all, or part, of these trails and 

campsites. Visitor use was concentrated in the Horcones Valley (95% of all visitors), with 

most visitors sightseeing (82%), hiking (7%) or climbing Mt. Aconcagua (7%), while in the 

Vacas Valley, activities included climbing (4%) and hiking (1%). Sightseers used the first 3 

km of the Park in the low alpine zone of the Horcones Valley, with most visitors undertaking 

the Horcones Lake walking circuit (2 km return). A total of 6,285 visitors went beyond the 

lower altitude zone. Of these, 34% were hikers who camped from one to three days in the low 

and intermediate alpine zones with only 8% staying over five days including using campsites 

in the high alpine zone. Climbers (57%) stayed an average of 15 days in the Park mainly 

using base camps in the high alpine zone (Fig. 2.4a). As a result, there was > 80,000 tourist 

nights (tourists * number of nights they spent in the Park) for the 2010/2011 visitor season 

(Table 2.3). During periods of peak usage there were over 300 visitors per night in the 

campsites in the high alpine zone (Fig. 2.5a). 



58 

 

 

 

Figure 2.4. Maps of Aconcagua Park showing: a) people use, b) pack animal use, c) helicopter use for 2010/2011 season, and d) key biophysical 
features. For visitor use maps (a,b,c) only legends of main campsites are shown.  
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Although there were fewer Park and commercial staff than visitors, they stayed longer 

with an average of 100 days per person in the Park during the season. Park staff was 

distributed among campsites from the low alpine zone to the nival/glacial zone and 

collectively accounted for 3,200 staff nights over the whole season. Commercial staff was 

concentrated in the base camps in the high alpine zone in the two Valleys and in the popular 

Confluencia campsite (3200 m) in the intermediate alpine zone. The 20 different private 

companies operating in the Park collectively accounted for 12,400 commercial staff nights.  

In contrast to visitors, pack animal use was concentrated in the Vacas Valley (10,389 pack 

animal nights per season) compared to the Horcones Valley (2,928 pack animal nights per 

season) as a result of the greater distance between the road head and the base camp in the 

Vacas Valley (40 km vs 25 km) (Table 2.3, Figure 4b). The helicopter flew a total of 230 

hours during the visitor season mostly during December and January which coincides with 

the peak periods of visitor use (Fig. 2.5ab). While the helicopter flew over most of the Park, 

60% of the flights (142 hours) were along the two main routes, departing from the low alpine 

zone and landing in the high alpine zone at base camps (Fig. 2.4c). All helicopter flights 

departed from a site in the Horcones Valley with over 13 hours of take off’s and landing’s 

during the 2010/2011 summer (Fig. 2.4c). The height at which the helicopters flew and their 

routes are not regulated, but depend on the pilot and environmental conditions (e.g. wind, 

topography) (Dirección de Recursos Naturales, 2009).  

Biophysical features of the Park  

Based on the location of visitor activities in the Park (Fig. 2.4abc), key biophysical 

features that were likely to be directly affected by visitor use were identified. They included 

alpine vegetation and fauna, water bodies and glaciated areas (Fig. 2.4d). With an altitudinal 

range of 1400 m, vegetation in the low and intermediate alpine zones is characterized by 

alpine steppe vegetation, with average plant cover of 40%, and alpine meadows with greater 

vegetation cover (> 80%) but limited distribution (Table 2.1). While alpine meadows only 

account for 0.4% of the Park, most of trails traverse meadows and all campsites and grazing 

areas in the low and intermediate alpine zones intersect meadows (Fig. 2.4abd).  

Larger meadows and areas with more shrubs in the alpine steppe are important bird 

nesting areas and have high bird diversity. These include the intensively used lower part of 

the Horcones Valley in the low alpine zone and popular campsites in the intermediate alpine 

zone (Table 2.1, Fig. 2.4d). Some of the birds nesting in the Park include species classified as 
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near threatened (NT) by the IUCN (e.g. Phegornis mitchellii - Diademed sandpiper plover) 

and species restricted to Argentina (e.g. Thinocorus orbignyianus - Grey-brested seed-snipe). 

The diversity of birds decreased with altitude, with only three species in the nival/glacial 

zone, all of which are also found in the low and intermediate alpine zones. The guanacos 

(Lama guanicoe) are mainly restricted to areas with low visitor use in the intermediate alpine 

zone. 

Water bodies in the Park include rivers, creeks, springs, alpine meadow wetlands, creeks 

and glacier lakes. Up to the intermediate alpine zones, all campsites extract water from alpine 

meadow wetlands and springs. Above this zone, water for campsites comes from creeks and 

snow. In the high altitude zones, campsites are located close to glaciated areas, including rock 

and debris-covered glaciers, snow covered areas near glacier lakes which are naturally 

oligotrophic (Barros, 2004).  

Likely ecological impacts  

The type, distribution and level of visitor use, environmental conditions and Park 

management actions, influence the likely severity of ecological impacts in each zone (Tables 

2.1 and 2.2). Likely ecological impacts from litter production and human faeces in water 

bodies were reduced in the lower altitude zones by the carry out/fly out policy of the Park 

agency. In contrast, impact from litter and human faeces were likely to have a greater impact 

on water bodies (e.g. snow) in campsites in the nival/glacial zone where it is difficult for the 

Park to control visitor activities with no permanent ranger stations in this zone (Dirección de 

Recursos Naturales, 2009). It is estimated that in this zone, around 200 kg of human faeces 

were left in campsites during the 2010/2011 summer due to around 10% non-compliance 

with Park policy (Dirección de Recursos Naturales, 2009). While the fly out policy has been 

effective in reducing the amount of human waste and litter in the Park, it has resulted in 

increased frequency of helicopter flights. On average, the helicopter was used for at least two 

hours per day to transport equipment and carry out waste from base camps in the high alpine 

zone (Fig. 2.5b).  

Water use was higher in the high alpine (627 m3) and low alpine zone (626 m3), compared 

to the other zones due to the services provided to visitors (Table 2.3). In the low and 

intermediate alpine zones, human waste is managed through flush toilets with septic tanks, 

resulting in large volumes of black water discharges (~574 m3) to the ground during the 

season (Table 2.3). The use of visitor infrastructure in base camps in the high alpine zone (i.e. 
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shower facilities and dining tents) contributed to large discharges of untreated grey water 

with an estimate volume of 812 m3 for the season (Table 2.3). In campsites with no flush 

toilets, there are no regulation or management system for urine, with large volumes of urine 

produced (~60 m3 for the season) in campsites in the high alpine and nival/glacial zones.  

Large amounts of manure (299 tons) and urine (65 m3) were also produced by pack 

animals which are often deposited near water bodies in the low and intermediate alpine 

zones. This resulted in large additions of nitrogen and phosphorus to these zones, with an 

estimate of 11 kg of N and 27 kg of P added to the ground or water bodies. There are also 

high additions of nutrients from human faeces and urine with an estimated total of 660 kg of 

N and 48 kg of P per season (Table 2.3). 

Trampling by pack animals and people in the low and intermediate alpine zones has 

resulted in numerous parallel informal trails that provide access to campsites (Barros et al., 

2013), with an average total width of 22 m for the braided informal trails in the low alpine 

zone and 12 m in the intermediate alpine zone, resulting in approximately 71 ha of vegetation 

directly affected by trails (Table 2.3). Likely impacts from heavy trampling are particularly 

important in first part of the Horcones Valley, with high usage and important meadows and 

bird nesting areas (Table 2.1, Fig. 2.4d).  

Because there are relatively few campsites (8) in the low and intermediate alpine zones 

less vegetation (~11 ha) was directly affected by campsites compared to trails in these zones. 

Grazing by pack animals in campsites increases the area of impact beyond the immediate area 

of the campsites as pack animals graze over larger areas (~1.5 km around campsites), mainly 

on alpine meadows but also in the surrounding sparse steppe vegetation characterized by 

shrubs, grasses and perennial herbs (Fig. 2.4b). Visitor use was greater in the low and 

intermediate alpine zone, with pack animals staying on average at least one night in these 

zones (Table 2.3). Within these zones, it was likely that grazing impacts were greater in the 

Vacas Valley compared to the Horcones Valley due to the longer period animals stay in the 

Vacas (2.5 days Vacas vs. 1 day Horcones). During peak visitation periods over 100 mules 

grazed in the low and intermediate alpine zone campsites in the Vacas Valley (Fig. 2.4b, 

2.5c). Based on the areas covered by vegetation (210 km2) and the areas used by grazing 

(~1280 ha, Table 2.2) it is estimated that at least 6% of vegetation was likely to be affected 

by pack animals grazing.  
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Figure 2.5. Temporal distribution of use of Aconcagua Provincial Park by: a) people, and b) 
helicopters in the four zones, and c) mules in Horcones and Vacas Valley for the 2010/2011 
visitor season. 

Severity of likely ecological impacts  

When assessing the severity of likely impacts on water resources from campsites (Fig. 

2.3), base camps in the high alpine zone were likely to be the most impacted due to a 

combination of intensive visitor use and the vulnerability of these locations to impacts (Fig. 

2.6d). The main pressures were high water use, grey water discharge, nutrient addition from 

manure and urine in campsites potentially contaminating glaciers, streams and glacier lakes 

(
a
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b
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(Fig. 2.6c). Campsites that are likely to be experiencing moderate impacts from human waste 

on water resources included some of the high altitude campsites that are used by climbers 

(Fig. 2.6c). Also, moderate impacts on water resources were likely in the low and 

intermediate alpine zones in the Vacas Valley due to the large amount of manure produced 

close to streams in alpine meadows by pack animals (Fig. 2.6c).  

Potential impacts on terrestrial biodiversity were likely in all campsites up to the 

intermediate alpine zones, but impacts were likely to be greater in the low alpine zone due to 

the combination of intensive use and the high conservation value of meadows in this zone 

including high bird species richness and location of important bird nesting areas (Fig. 2.6b). 

The main pressures affecting biodiversity included high visitor use (i.e. number of passes by 

people and pack animals), high helicopter use for take off and landing, and the amount of 

vegetation directly affected by infrastructure and trails. Campsites in the intermediate alpine 

zone, were less intensively used by visitors and helicopters, but experienced high use by pack 

animals and have high conservation value (i.e bird nesting areas, presence of guanacos), and 

were therefore assessed as likely to be moderately affected (Fig. 2.6a).  

The severity of likely impacts on terrestrial biodiversity from trail use were moderate to 

high in the low and intermediate alpine zones because of the intensive trampling of the few 

areas with vegetation and higher biodiversity. Following the same pattern as campsites, trails 

in the low altitude zone in the Horcones Valley were deemed to be the most likely to be 

impacted, followed by trails in the intermediate alpine zone in both Valleys (Fig. 2.6a,b). 

Overall, a greater area of the Vacas Valley was likely to be impacted than the Horcones 

Valley, as there were more areas with alpine meadows and bird nesting sites in the Vacas 

Valley (Fig. 2.4d). 
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Figure 2.6. Severity of likely impacts from campsite and trail impacts (buffer polygons) on terrestrial biodiversity for the: a) whole Park, and b) 
low and intermediate alpine zones in the in Horcones Valley; and severity of likely impacts from campsite impacts on water resources for the, c) 
whole Park, and d) campsites in the high alpine and nival/glacial zones.  
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2.5 Discussion 

This study demonstrates how spatial based analysis using data from visitor permits can be 

combined with other data sets to map likely ecological impacts from visitor use in Parks. 

With the support of GIS, we were able to identify likely ecological impacts across Aconcagua 

Provincial Park based on levels of use, types of activity and biophysical features. This type of 

analysis is particularly useful for protected areas with high visitor loads but limited resources 

for assessing impacts. It can be used to prioritize management interventions and better 

allocate field research and monitoring efforts (Wardell and Moore, 2005; Castley et al., 

2009).  

The results from Aconcagua reinforce the importance of not only collecting data on how 

many people visit an area, but also determining visitor distribution, types and amount of use 

(Hadwen et al., 2007, 2008b). These variables are important as they strongly influence the 

temporal and spatial patterns of impacts (Monz et al., 2010a). For example, while only 2% of 

the Park was used by visitors, in the low and intermediate alpine zones use was concentrated 

in the few areas with vegetation, potentially increasing the severity of impacts on native 

biodiversity. Crowding in the low alpine zone and grazing in the intermediate alpine zone of 

Aconcagua can result in impact creep, with visitors often going off trails (Olive and Marion, 

2009; Monz et al., 2010b; Leung et al., 2011; Barros et al., 2013), and dispersed grazing by 

pack animals around campsites (Dirección de Recursos Naturales, 2009).  

The severity of ecological impacts from localized and dispersed use can vary based on the 

amount and type of uses, the biophysical features and existing management systems (Monz et 

al. 2010a; Newsome et al., 2012). In Aconcagua, likely ecological impacts to terrestrial 

biodiversity on trails receiving similar levels and types of use varied depending on the 

characteristics of the environment (i.e. vegetation type, native camelid distribution), as has 

been found in other research studies examining the susceptibility of trails to visitor impacts 

(Arrowsmith and Inbakaran, 2002; Dixon et al., 2004; Tomczyk, 2011). The severity of likely 

impacts to water resources were also influenced by the level of use and the associated 

impacts from the services provided to visitors, with impacts likely to be more severe in base 

camps in the high alpine zone located in debris-covered glaciers and close to glacier lakes.  

Cumulative pressures from different visitor activities can increase the severity of 

ecological impacts in specific locations (Newsome et al., 2012). It can also affect the 

ecological integrity of a protected area by reducing the functioning of natural processes 
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(Parrish et al., 2003; Shultis, 2006). For example, camping and trail impacts on vegetation, 

combined with dispersed impacts from pack animal grazing and visitor trampling off trail in 

Aconcagua can reduce plant diversity which could subsequently affect ecosystem functioning 

by reducing productivity, nutrient retention and resistance to plant invasions (Smith and 

Knapp, 2003; Grman et al., 2010). Alteration of water flows through water consumption, 

nutrient addition through human waste and manure, and discharge of waste in glacier lakes in 

Aconcagua could potentially result in changes to the food web structure of water bodies 

(Hadwen et al., 2008a; Arthington et al., 2010; Clitherow et al., 2013). Also, although not 

evaluated in this study, waste water discharge and human waste can result in downstream 

impacts as occurred in Denali National Park from human waste (Goodwin et al., 2012). 

The previous limited research assessing impacts on water resources and vegetation 

conducted in the Park supports the results from this desktop study. In a glacier lake subjected 

to human disturbance in Aconcagua there was an increase in nitrate and a greater abundance 

of algal species tolerant to pollution compared to a glacier lake with no apparent human 

disturbance (Barros, 2004). Research on trail impacts on vegetation found great reductions in 

vegetation cover due to the creation of wider trails in alpine meadows (Barros et al., 2013). 

Although there are no field studies assessing the impacts of visitor use on native camelids, it 

is possible that visitor use contributes to displacement of these animals as observed in other 

areas in the Andes with high levels of visitor and packstock use with guanacos often 

restricted to areas with low visitor use (Baldi et al., 2004; Malo et al., 2011)  

2.6 Management implications  

Managing visitors and related activities in Aconcagua Provincial Park is challenging. Most 

of the Park is remote, the Park has limited funding and currently lacks a management plan. It 

is currently managed through a set of regulations, which are mainly centred on administrative 

aspects for commercial operators and the provision of recreational opportunities and the 

safeguarding of mountaineers and hikers (Dirección de Recursos Naturales, 2009). 

Environmental practices are not standardized (e.g. carry out systems for human waste in 

nival/glacial zone), and Park initiatives to monitor conservation values (e.g. bird monitoring) 

and minimize visitor impacts (e.g. rehabilitation of alpine meadows heavily degraded from 

trampling and grazing) are mainly through the individual efforts of park staff with no 

guidelines or policies to secure these efforts over the longer term (Dirección de Recursos 
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Naturales, 2009). The likely impacts identified in the spatial analysis for Aconcagua can 

assist the Park agency to select state and response indicators for monitoring and managing 

visitor impacts (Niemeijer and Groot, 2008). The results can be used to identify practices that 

need to be modified and/or improved to minimize impacts.  

In the low alpine zone, for example, limiting trampling impacts and monitoring impacts 

using existing protocols (Monz et al., 2010b; Leung et al., 2011) should be prioritized. In the 

intermediate alpine zones, the effects of grazing by pack animals on alpine meadows should 

be monitored, including parameters such as vegetation structure and productivity (Cole, 

2004). Reducing grazing intensity by limiting the number of animal with rotational or 

deferred grazing would reduce impacts, strategies that have already been implemented in 

some parks in North America (Moore et al., 2000). Monitoring water systems including 

changes in physico-chemical properties in Aconcagua should be prioritized, particularly in 

glacier lakes in the high alpine zone due to their low resistance to environmental change 

(Pearce et al., 2005, Clitherow et al., 2013).  

It is critical that regulation of helicopter use is implemented in Aconcagua due to the 

potential adverse effects of helicopter noise on wildlife (Andersen et al., 1989; Barber et al., 

2009) and visitors experience (Pilcher et al., 2009). This includes regulations such as 

establishing minimum heights for flights, standard routes and limiting the number of hours of 

flying per day, per area (Barber et al., 2009; Withers and Adema, 2009). For campsites with 

high usage, current human waste systems and waste discharge should be minimized by using 

methods already tested in high altitude protected areas as in the Rocky Mountains National 

Park in United States (American Alpine Club, 2010). To increase visitor compliance, the 

implementation of environmental education programs including the use of minimum impact 

codes is important (Barros and Magro, 2007; Marion and Reid, 2007). 

Further research to determine the likely ecological impacts from visitor use in Aconcagua 

and other protected areas could incorporate environmental variability and temporal variability 

of visitor use by using GIS modelling analyses (Beeco and Brown, 2013; Harshaw and 

Sheppard, 2013). This can help protected areas managers identify where management efforts 

should be focused and when (Hadwen et al., 2012). Visitor use in protected areas, including 

Aconcagua, tends to be strongly seasonal including fluctuations within the season, resulting 

in concentrated peak periods of visitation based on holidays and other factors (Pickering, 

2010; Hadwen et al., 2012). These variations can affect the severity of ecological impacts, 
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including more severe effects when peak visitor use occurs coincides with key ecological 

events such as flowering or the period when most birds are nesting (Monz et al., 2010a).  

 

2.7 Conclusions 

If visitor use of Aconcagua Provincial Park is to be ecologically sustainable, new policies 

should be implemented including securing additional funds from visitor revenue and the 

Government to facilitate the development and implementation of a management plan. As 

outlined above, the results of this spatial based analysis could be used to set up guidelines for 

establishing monitoring programs and prioritising management initiatives to minimise visitor 

impacts in protected areas.  
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CHAPTER 3  

THE RAPID ASSESSMENT OF VISITOR IMPACTS ON AND OFF 

TRAILS 

The previous chapter examined the severity of likely ecological impacts from visitor use 

across the Park using a desktop landscape based analysis. Likely impacts on terrestrial 

biodiversity were predicted for all trail sections and campsites in the low and intermediate 

alpine zones, but were likely to be more severe in the intensively used area of the Horcones 

Valley and on alpine meadows in the intermediate alpine zone of the Vacas Valley. 

Therefore, this result chapter assesses the impacts of visitor use on alpine vegetation in the 

intensively used area of the Horcones Valley in the field. The research examines how much 

vegetation is lost due to trails and other infrastructure using standardized protocols as well 

as assessing vegetation impacts off trail using a new rapid method that was developed for 

this research. The validity of the results from the rapid assessment method was then tested 

by comparing them with those from detailed vegetation surveys.  

This chapter is currently under review by an international scientific Journal. The co-

author of this manuscript is my principal supervisor, Catherine Pickering. The citation is as 

follows: “Barros, A., Pickering, CM. The rapid assessment of impacts on vegetation of 

visitor use on and off trails: A case study from the highest park in the Southern 

Hemisphere. ” 
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3.1 Abstract 

Assessing visitor impacts in protected areas is important, but challenging as impacts are 

often diffuse and expensive to monitor. Although there are a range of rapid assessment 

methods for trails, there are fewer methods for assessing visitor disturbance off trails. We 

assess on and off trail visitor impacts on vegetation in a 237 ha area of the main valley in 

Aconcagua Provincial Park in the Andes which is intensively used by sightseers, hikers and 

pack animals. When we mapped vegetation loss on trails and other visitor infrastructure, we 

found there were 17 km of trails consisting of two formal trails and 32 informal trails, 

which along with other infrastructure, resulted in the loss of 9% (20 ha) of the vegetation 

and fragmented the remaining vegetation into 89 subpatches. We then developed and 

implemented a new rapid visual assessment method including four levels of disturbance 

based on the amount of dung, grazing, trampling and soil movement in each of 102 

randomly located off trail plots. When this categorical data was compared with detailed 

vegetation surveys, we found that the four levels of visitor disturbance reflected key 

changes in the cover and composition of the vegetation. Based on the results of the 

assessment for trails and off trail, we found that only 17% (40 ha) of the total area assessed 

was undisturbed by visitor use. Similar methods to those used here, could be applied to 

other protected areas to assist in the assessment and management of visitors, particular for 

large areas receiving high usage. 

3.2 Introduction  

Protected areas are a major mechanism for the conservation of biodiversity (Lockwood 

et al., 2006). They are also popular destinations for a range of nature-based tourism and 

recreation activities, with visitor use of protected areas increasing worldwide (Balmford et 

al., 2009; Buckley, 2009). Popular activities in many protected areas include hiking, 

climbing, camping, wildlife viewing, mountain biking and horse riding (Buckley, 2004; 

Pickering & Buckley, 2003; Newsome et al., 2012). With increasing usage, the 

involvement of commercial services in protected areas is also becoming more common 

including the provision of transportation to remote locations, commercial horse riding and 

guided tours (Buckley, 2004; Newsome et al., 2012). Due to the range of potential impacts 
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from visitor use and associated activities, protected areas managers are often faced with the 

challenge of balancing conservation while providing tourism and recreational opportunities 

(Lockwood et al., 2006; Monz et al., 2010a).  

Impacts can result from the infrastructure provided for visitors (e.g. formal trails) (Hill 

& Pickering, 2006), from recreational use (e.g. horse riding and hiking) (Magro and Barros, 

2004; Newsome et al., 2004; Cunha, 2010; Monz et al., 2010a), and from support services 

provided for visitors (e.g. pack animals and other types of transportation) (Cole, 2004; 

Pickering et al., 2010). To minimize these impacts, protected area agencies often develop 

formal trail systems to concentrate traffic in areas less prone to disturbance (Wimpey & 

Marion, 2011). When formal trail networks do not provide access to natural attractions such 

as viewpoints or summits, visitors often create informal trails (Magro and Barros, 2004; 

Monz et al., 2010b; Barros et al., 2013). Pack animals used for recreation can also 

contribute to the creation and spread of these informal trails, by taking short cuts or going 

off trail particularly when moving in large groups and/or when untethered (Newsome et al., 

2004). Areas with low growing vegetation can be particularly susceptible to the formation 

of informal trail networks, due to the ease with which visitors can move off trail (Monz et 

al., 2010b; Walden-Schreiner & Leung, 2013).  

Common impacts from trails include reductions in the cover, height and biomass of 

native plants, changes in species composition, and the introduction and spread of weeds 

(Monz et al., 2010a; Wimpey & Marion, 2011; Barros et al., 2013). Where trampling 

results in the loss of vegetation, impacts on soils can occur including changes in soil 

compaction, hydrology and soil loss (Grieve, 2001; Lucas-Borja et al., 2011). In addition to 

the localized impacts of trails, trail networks, whether formal or informal, can have larger 

scale effects by fragmenting intact landscapes into smaller subpatches (Leung et al., 2011).  

Internal fragmentation from recreational trails can have detrimental effects including 

those directly caused by the trails, but also due to edge effects (Leung et al., 2012). Trail 

networks can alter hydrology and soil moisture regimes, restrict movement among 

subpatches for plants and animals with short dispersal distances, while enhancing the 

movement of other species along the trails (e.g. weeds and feral animals) (Pickering & 

Mount, 2010; Leung et al., 2011; Wimpey & Marion, 2011). They can also affect wildlife 

by reducing or altering habitat for large mammals and insects (Kotze et al., 2012; Erb et al., 
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2012). Overall, informal trail networks can expand the spatial scale of impacts including 

into relatively undisturbed areas adjacent to trails affecting the ecological integrity of 

protected areas (Leung et al., 2011, 2012).  

Methods and protocols are being developed and refined for documenting and monitoring 

impacts of trail networks (Marion et al., 2006; Monz et al., 2010b; Wolf et al., 2012). These 

have mostly been developed and implemented in North America, Europe and Australia 

(Buckley, 2005; Monz et al., 2010a), with limited use in some other regions including 

South America (Marion & Linville, 2000; Farrell & Marion, 2002; Magro and Barros, 

2004; Passold et al., 2004; Barros et al., 2013). Common rapid qualitative assessment of 

trails includes trail inventories using Global Positioning Systems (GPS) devices, trail 

condition assessments and condition class surveys (Marion et al., 2006, 2011). Trail 

attributes such as the total length of informal trail segments, trail width, density of trails and 

maps of trail networks are used to determine the spatial distribution of use and the area 

affected by trails (Leung et al., 2011). Other more sophisticated methods include the use of 

high spatial resolution images to assess trail grades and topography to determine trail 

sustainability (Marion et al., 2011; Hawes et al., 2013), but are often not widely used due to 

the high costs involved (Hill & Pickering, 2008).  

While methods to map informal trail attributes have been implemented and tested in 

many protected areas, there are fewer methods available to assess impacts on vegetation off 

trails. Some protocols used for diffuse impacts include assessment of landscape 

fragmentation from recreational trails (Leung et al., 2011; Wimpey & Marion, 2011), 

estimation of disturbed areas including ground cover assessments using radial transect 

methods and GPS mapping (Monz et al., 2010b; D’Antonio et al., 2013), and the detection 

of vegetation changes through remote sensing (Witztum & Stow, 2004; Kim & Daigle, 

2012). Assessing off trail impacts therefore remains a challenge for many protected areas, 

in particular those with limited resources for monitoring (Magro and Barros, 2004; Passold 

et al., 2004; Hill & Pickering, 2008; Monz et al., 2010b).  

To assist in the development of protocols for assessing diffuse impacts, this study 

examines the reliability of a new rapid assessment method developed to determine 

disturbance from dispersed use. We were particularly interested in testing if this method 

could assist protected area managers in determining ecological thresholds where 
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management resources are limited. Specifically we: 1) quantified the area affected and the 

degree of landscape fragmentation caused by trails and other visitor infrastructure using 

existing protocols, 2) developed a criteria for rapidly assessing disturbance off trail, 3) 

visually assessed the level of disturbance off trail using these criteria, 4) tested if the rapid 

visual categories developed accurately reflected detailed changes in vegetation cover and 

composition. We used this approach in the highest Park in the Southern Hemisphere: 

Aconcagua Provincial Park in the Andes of Argentina. The assessment of impacts on and 

off trail was undertaken in the most intensively used area of the Park in the lower part of 

the Horcones Valley where there is a network of informal trails (Barros et al., 2013).  

3.3 Methods 

Study area  

Aconcagua Provincial Park (710 km2, 69º56’ W, 32º39’ S) in the Southern Andean 

Steppe ecoregion of the Central Andes, Argentina, is characterized by a cold and dry 

climate, with low temperatures year round (Departamento General de Irrigación, 2011). 

The Park (2400-6962 m a.s.l.) includes the highest peak in the Southern Hemisphere, Mt. 

Aconcagua, and is a popular destination for international mountaineers (Barros et al., 

2013). It was declared a protected area in 1983 to conserve glaciers, rivers, alpine 

ecosystems and archaeological sites (Barros et al., 2013). It is a Category II International 

Union for the Conservation of Nature (IUCN) Park managed by the Mendoza Natural 

Resource Division, in Argentina. There has been limited human use of the Aconcagua area, 

with transient use by pre-Incas and Inca indigenous communities for ceremonies (Barcena, 

1998), some military training in the mid-1900s (Quiroga, 1996), and mountaineering and 

trekking from the 1980s till the present (Dirección de Recursos Naturales, 2009).  

Although there are over 120 plant species in the Park, vegetation is mainly limited to the 

valley floors, where there is alpine steppe vegetation (29.5% of the Park) and alpine 

meadows (0.4% of the Park) (Mendez et al., 2006; Barros et al., 2013). Steppe vegetation 

occurs between 2400-4400 m a.s.l on rocky slopes and thin mineral soils (Barros et al., 

2013). This vegetation is sparse (~50%) and consists mostly of shrubs including Adesmia 

aegiceras Phil. and Adesmia echinus C. Presl. along with tussock grasses (Poa sp., Stipa 
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sp.) and perennial herbs (Tropaeolum polyphillum Cav., Acaena magellanica (Lam.) Vahl, 

Gayophytum micranthum Hook. & Arn.). Alpine meadows, which occur from 2400-3800 m 

a.s.l in the Park, are restricted to areas with moist deep soils with high organic content 

along rivers, springs or areas with sub-surface water (Barros et al., 2013). There is near 

complete vegetation cover in the meadows (> 80%) consisting of sedges (Carex gayana E. 

Desv., Eleocharis pseudoalbibracteata S. González & Guagl.), rushes (Juncus arcticus 

Wild.), grasses (Hordeum comosum J. Presl) and perennial herbs (Ranunculus peduncularis 

Sm. and Hypsela reniformis C. Presl.) (Mendez et al., 2006; Barros et al., 2013).  

The most popular route to access the Aconcagua summit is along the Horcones Valley, 

with over 4500 mountaineers and hikers traversing this Valley during the five month visitor 

season from November to March. During periods of peak usage in January over 100 hikers 

and 100 pack animals can traverse this section of the Park each day (Dirección de Recursos 

Naturales, 2011). As it is close to the international highway connecting Argentina and 

Chile, this part of the Park is also a popular sightseeing destination, with around 27,000 

people using this Valley during the visitor season (Dirección de Recursos Naturales, 2011) 

(Figure 3.1).  

The topography of the most intensively used area of the Park in the Horcones Valley 

consists of hummocky, rolling glacial till deposits with intermixed ridges and depressions 

(Espizua & Pitte, 2009). The area is of high conservation value as it contains around 30% 

of all the meadows in the Park and it is utilized as habitat for over 40 species of birds, 

including for nesting (Olivera & Lardelli, 2009).  

There was limited use of the Valley prior to the region being declared a Park when 

infrastructure was limited to a short dirt road and few informal trails used by mountaineers. 

In 1990, a Park ranger station was built which is accessed by a dirt road, with additional 

infrastructure since 2000 including two unhardened formal trails, two car parks, a visitor 

centre and a small section of paved road (Figure 3.1). There is also a network of informal 

unhardened trails that were created and used by visitors and pack animals (Barros et al., 

2013).  
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Field sampling  

Field sampling was conducted from November 2010 to February 2011. The first step was to 

define the boundaries for the mostly intensively used area of the Park using a high 

resolution ALOS satellite image (Advanced Land Observation Satellite, 2010). The 

boundaries were defined based on topography and artificial borders with the south 

boundary the international highway (2700 m a.s.l.), the east boundary the Horcones River, 

the west boundary the ridge line and the north boundary the bridge over the Horcones River 

(3000 m a.s.l.) giving a total area of 237 ha (Figure 3.1).  

Spatial and attribute data in this 237 ha for alpine steppe and alpine meadows were 

collected from the Park agency in the form of GIS layers (Zalazar et al., 2007). Due to the 

limited distribution of alpine meadows, and to improve the accuracy of meadow 

boundaries, all meadows within the intensively used area were mapped in the field using a 

Garmin Oregon 450 GPS device.  

Mapping trails and other visitor infrastructure  

To assess the total area of vegetation lost due to visitor infrastructure we used a standard 

protocol for mapping trails in protected areas (Monz et al., 2010b; Wimpey & Marion, 

2011). First we recorded informal and formal trails and short roads as line features, and 

other infrastructure (parking areas, ranger stations and visitor centre) as polygons using a 

Garmin Oregon 450 GPS over four days in the field with two people. We were not able to 

record trails less than 1 m apart because the accuracy of the GPS (> 1 m accuracy) with 

these ones considered as a single trail. The average width was recorded every 100 m with a 

tape measure to determine the buffer area per trail and/or road. The line features were then 

converted into polygons in ArcGIS (9.3). All trails were also classified in the field in 

consultation with Park staff and based on personal observation as: 1) formal trails designed 

by the Park agency, 2) informal trails used by hikers, and 3) informal trails used by hikers 

and pack animals. Trails were also categorised based on the degree of vegetation loss on the 

trail as used in other studies (Marion & Wimpey, 2009; Monz et al., 2010b; Leung et al., 

2011).  
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Figure 3.1. Map of intensively used 237 ha of the Horcones Valley in Aconcagua 
Provincial Park (69°56’ W, 32°39’ S) including data on trails and other visitor 
infrastructure features, fragmented patches in alpine meadows and steppe vegetation, and 
the level of disturbance off trail in plots surveyed in 2010-2011.  
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Resource condition assessment off trail 

To determine the condition of vegetation off trail, 102 points were randomly located in 

the 237 ha area using the Hawth Tool analysis extension in ArcGIS 9.3, with a minimum 

distance of 50 m between points. Off trail was considered to be all areas within the 237 ha 

outside trails and other visitor infrastructure features. Of the 102 points, 11 were in alpine 

meadows and 91 in steppe vegetation. At each point visitor disturbance was rapidly (5 ± 2 

minutes, total 4 days) visually assessed in 20 m2 plots (5 * 4 m) centred on each point using 

a set of variables selected as surrogates for disturbance. The selection of the variables was 

based on knowledge of the ecology of the region and visitor use, the recreation ecology 

literature and discussions with Park staff. Because the area is used by hikers and pack 

animals, four variables were selected that: (1) were likely to reflect common types of 

impacts from these types of visitor use, and (2) could be rapidly assessed by Park staff in 

the future without recourse to detailed knowledge of the vegetation. They were: (1) 

presence of horse/mule dung, (2) obvious grazing damage to vegetation, (3) obvious 

trampling damage, and (4) soil movement (Table 3.1). A categorical value was assigned to 

each variable ranging from 0 = no evidence, 1 = low, 2 = medium, and 3 = high 

disturbance. In each plot, the number of horse/mule dung, individual plants grazed and 

human footprints were visually assessed and quantified by one person to determine a value 

for the variable (Table 3.1). To reduce bias in assigning disturbance categories and so the 

protocol can be replicated by other observers over the longer term, the values for each 

category were carefully defined (Table 3.1). For soil movement, any evidence was given a 

score of 3. The overall level of disturbance in the plot was estimated as the average of these 

four variables.  

Table 3.1. Definitions for each of the variables selected to assess the level of disturbance 
off trails in the intensively used 237 ha of the Horcones Valley, Aconcagua Provincial Park. 

Disturbance 
categories 

Variables 

Dung Grazing Trampling 

Soil movement 
(machinery) 

Undisturbed Not present No evidence  No evidence  No soil movement 
Low 1 to 2 dungs 1 to 2 plants grazed 1 to 2 footprints No soil movement 
Medium 3 to 5 dungs 3 to 5 plants grazed 3 to 5 footprints  No soil movement 
High  > 5 dungs > 5 plants grazed Undefined trail Soil movement 
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For each plot, the GPS location and vegetation type was recorded. To determine if the 

disturbance categories reflected more detailed measures of vegetation condition, the cover 

of each plant species and bare ground (including exposed soil or rock) were visually 

estimated to 1% accuracy for each plot. Cover values were recorded in twenty 1 m2 

subplots and then summed to obtain cover values for the plot as a whole. Species richness, 

the cover of each plant species, the cover of growth forms (shrubs, herbs, grasses, sedges, 

rushes), total vegetation cover, native and weeds vegetation cover were calculated for each 

plot. Taxonomy was based on the flora of the region (Hoffmann et al., 1998). Field work 

for assessing vegetation involved 20 days by two people.  

Data analysis 

Trails and other visitor infrastructure 

The cumulative length of trails and roads and the total area affected by the three types of 

trails (formal, informal hiker, informal hiker and pack animals) was calculated. To compare 

if there were any differences in trail features (average width, surface area, length) between 

the two types of informal trails, a series of One-Way ANOVAs were performed on 

dependent variables using the statistical package SPSS (Version 21).  

Landscape fragmentation 

To analyse how the network of trails and other visitor infrastructure had fragmented 

vegetation, methods similar to those in Leung et al. (2011) were used. The area covered by 

the two main vegetation types (alpine steppe and alpine meadows) was used as a base layer, 

with all the trails and infrastructure polygons extracted to calculate the total area affected in 

ArcGIS. This was accomplished by intersecting these features with the vegetation shape 

files (alpine steppe and alpine meadows) to create two shape files representing all the 

fragmented patches per vegetation type. The shape files were then used to calculate 

landscape metrics including the number and mean patch size, perimeter/area ratio and 

weighted mean patch index (WMPI) (Leung et al., 2011). The WMPI provides an 

indication of the average size of patches considering overall habitat reduction, with 
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decreasing values providing an indication of increasing degrees of fragmentation (Leung et 

al., 2011). 

Calculation of area disturbed off trails  

The number of plots in the alpine steppe and meadow in each disturbance category was 

calculated and compared. The total area of vegetation off trail disturbed by visitor use was 

then calculated based on the percentage of plots showing any evidence of damage 

(categories 1 and above).  

Validation of the off trail rapid condition assessment method 

To determine if the disturbance categories reflected the condition of the vegetation a 

series of One-Way ANOVAs were performed, with the disturbance categories as the 

independent variable. Dependent variables were: total vegetation cover, native and weeds 

vegetation cover, total species richness, native and weeds species richness, cover of shrubs, 

grasses, native and weed herbs, and the cover of the six common species (A. aegiceras, Poa 

holciformis J. Presl, Bromus setifolius J. Presl, Acaena pinnatifida Ruiz & Pav., 

Convolvulus arvensis L.) per plot. Tukey post-hoc tests were used to compare differences 

among disturbance categories. All cover values were arcsine square root transformed to 

meet the assumptions of the analysis. The homogeneity of variance was tested using 

Levene’s test. For those variables that did not satisfy the assumptions of the analysis, the 

Kruskal Wallis test was used.  

To assess the effect of disturbance on the frequency with which shrubs, grasses, native 

and weeds herbs and the six most common species were recorded among plots, Chi-square 

analyses were conducted for plots in steppe vegetation. As there were only 11 plots in 

alpine meadows, it was not possible to statistically assess the effect of disturbance on this 

vegetation type. 

To determine if there were significant differences in plant composition in steppe 

vegetation among the disturbance categories, ordinations were performed for the cover of 

species and growth forms (shrubs, grasses, native and exotic herbs) including exposed soil 

or rock. Dissimilarity matrices were calculated using the Bray-Curtis dissimilarity measures 

(n-MDS) on untransformed data. To determine if there were significant differences in plant 
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composition among levels of disturbance, Analyses of Similarities (ANOSIM) were 

performed. To determine which growth forms and species were contributing to the 

similarity between disturbance categories, the SIMPER function was used on the n-MDS 

dissimilarity matrix. The ANOSIM is a non-parametric permutation procedure applied to 

the rank dissimilarity matrix that is analogous to Analysis of Variance, except that it is 

distribution free (Clarke, 1993). 

To determine if distance to trails and other visitor infrastructure was correlated with 

disturbance categories, the nearest distance to these features was calculated for each plot 

using the proximity tool in ArcGIS 9.3. Distance to the plots was calculated for the 

different categories of trails (formal, informal hikers and pack animals) and other visitor 

infrastructure (roads and facilities). These data were used to determine if distance to trails 

and visitor infrastructure was a good predictor of disturbance using a multinomial logistic 

regression (Field, 2009). The predictor variables were the distance to the different visitor 

features while disturbance was treated as the dependent variable with four levels 

(undisturbed, low, medium, high) with the undisturbed category used as the reference 

category (Field, 2009). 

3.4 Results  

Direct impacts of trails and other visitor infrastructure on vegetation 

In the 237 ha study area in the Horcones Valley, there were 34 trails, six small roads 

sections, and other visitor infrastructure (Figure 3.1). This included two parking areas, a 

picnic area, a heliport, a ranger station and a visitor centre. Of the 34 trails, only two were 

formal trails, and they had an average width of three meters and an aggregate length of two 

km (Table 3.2). Informal trails included 17 trails used by hikers and 15 trails used by both 

hikers and pack animals (Table 3.2, Figure 3.1). While its only 3.8 km from the entrance to 

the Park to the bridge over Horcones River, the 32 informal trails had an aggregate length 

of over 17 km (Table 3.2).  
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Table 3.2. Trails and other visitor infrastructure in the intensively used 237 ha of the 
Horcones Valley, Aconcagua Provincial Park. No. = Number. Av. =average. 

Type of trail / infrastructure No. 
Total 
length 
(km) 

Av. 
width 
(m) 

Total area 
affected (ha) 

% area 
affected 

Infrastructure 6   1.8 0.8 
Roads  6 5.2 6.1 ± 1.1 5.9 2.7 
Formal trails 2 2.0 3.3 ± 1.3 1.4 0.6 
Hiker informal trail  17 9.6 1.7 ± 0.4 5.1 2.3 
Hiker and pack animal informal trail 15 7.2 3.1 ± 0.6 6.4 2.9 
Total 46 24 3.0 ± 0.4 20.5 9.4 

 

Although the trails varied in width from < 1 m to > 3 m on average, all trail treads were 

completely bare of vegetation. The average width of informal trails used by hikers and pack 

animals tended to be greater than those used only by hikers (3 m vs 1.7 m), but this was just 

not statistically significant (F = 4.102, p = 0.052). There were no differences in length and 

total surface area between these two types of informal trails (p > 0.05).  

The area affected by all trails and other visitor infrastructure was 20 hectares, 9.4% of 

the total area (Table 3.2). Informal trails collectively resulted in over half of the impact of 

other infrastructure resulting in the loss of 11.5 ha of vegetation (Table 3.2). All trails and 

the other visitor infrastructure fragmented the vegetation into 89 patches, fragmenting 20 ha 

of alpine meadows and 217 ha of steppe vegetation. The total area of meadows lost by trails 

and other visitor infrastructure was 5% (1 ha) while for steppe vegetation it was 9% (19 

ha). While the central parts of the meadows were not directly fragmented, their edges were 

highly fragmented (Figure 3.1). As a result, the three large meadows were fragmented into 

21 patches, with an average size of 0.5 ha. The 198 ha of steppe vegetation were 

fragmented into 68 patches with a mean patch size of 2.9 ha. Based on the weighted mean 

patch index the degree of fragmentation was higher in the alpine meadows (0.46) compared 

to the steppe vegetation (2.66) (Table 3.3, Figure 3.1).  
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Table 3.3. Landscape fragmentation indices for alpine meadows and steppe vegetation in 
the intensively used 237 ha of the Horcones Valley, Aconcagua Provincial Park. WMPI = 
weighted mean patch index (Leung et al., 2011). No. = number.  

Vegetation 
type 

Area 
(ha) 

No. 
patches 

Mean patch 
size (ha) 

Per/area 
ratio 

WMPI 
(ha) 

Meadow 20 21 0.5 ± 0.2 0.8 ± 0.1 0.46 
Steppe 217 68 2.9 ± 1.2 0.5 ± 0.1 2.66 

 

Level of visitor disturbance off trail  

Visitor use not only resulted in the direct loss by trails and other visitor infrastructure of 

9.4% of the vegetation, it also disturbed nearly all of the rest of the area. Disturbance from 

trampling was recorded in 58% of the plots with 40% of them highly disturbed. Pack 

animal dung was recorded in 51% of the plots, grazing damage in 43% and soil movement 

in 21% of the plots. Only 19% of the plots (19 plots) showed no obvious signs of 

disturbance from trampling, grazing, soil movement and pack animal dung use and these 

were all in steppe vegetation. For the rest of the steppe plots, 27% had low levels of 

disturbance, 32% had medium levels and 20% had high level. In alpine meadows, all plots 

were disturbed with five plots highly disturbed, four with low levels of disturbance and two 

with medium disturbance (Figure 3.1).  

Based on the percentage of plots with no obvious signs of disturbance, it appears that 

only 40 ha (17%) of the 217 ha off trail were not disturbed by visitor use. In steppe 

vegetation 80% of the 198 ha was damaged by visitor use, with 20% highly damaged. All 

19 ha of alpine meadow was damaged with 47% of area of meadows highly damaged 

(Table 3.4).  

The level of disturbance varied with distance to trails, but only for informal hikers + 

pack animal trails (Multinomial logistic regression, χ2 = 12.489, p = 0.006). Plots that were 

highly disturbed were closer to informal hiker + pack animal trails (93 ± 21 m) than 

undisturbed plots (279 ± 58 m) (b = -0.007, Wald χ2 = 6.853, p = 0.01). There was no 

relationship between distance and disturbance categories for other types of trails or for 

infrastructure (informal hiker trails, χ2 = 7.826, p >0.05; formal trails χ2 = 5.827, p = 0.120, 

roads χ2 = 5.087, p = 0.166, other facilities χ2 = 5.142, p = 0.162).  
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Table 3.4. Areas without vegetation due to trails and other visitor infrastructure and areas 
disturbed by off trail visitor use in the intensively used 237 ha of the Horcones Valley, 
Aconcagua Provincial Park, including steppe and alpine meadow vegetation.  

 
Intensive 
use area 

Area lost from trails 
& other 

infrastructure 
Area disturbed 
by off trail use 

Area highly 
disturbed by 
off trail use 

Area not 
disturbed by 
visitor use 

Total area 237 ha 20 ha 177 ha 49 ha 40 ha 
Steppe 217 ha 19 ha 158 ha 39 ha 40 ha 
Meadow 20 ha 1 ha 19 ha 9 ha 0 ha 

 

The effect of disturbance on vegetation 

Out of the ~120 species of plants recorded in the Park, 36 species were recorded across 

the 217 ha of the off trail vegetation surveyed (102 plots), with eight species only in alpine 

meadows, 13 species only in steppe vegetation, and 15 species in both vegetation types. 

Five weeds were recorded including four herbs and one grass, with three weed herbs 

recorded in both alpine meadows and steppe vegetation (C. arvensis, Taraxacum officinale 

Weber and Plantago lanceolata L.) (Table 3.5 and Appendix 3.1).  

The disturbance categories reflected differences in the composition and cover of steppe 

vegetation (Tables 3.5 and 3.6, Figure 3.2). The more highly disturbed a steppe plot, the 

lower the vegetation cover (Table 3.6), with 21% less vegetation cover in highly disturbed 

plots compared to undisturbed plots, and 12% less vegetation cover in medium disturbed 

plots (Table 3.6, Figure 3.2, Appendix 3.2). This was mainly due to reduction in the cover 

of native species, with 25% less native vegetation in highly disturbed plots compared to 

undisturbed plots (Table 3.5, Figure 3.2, Appendix 3.2).  
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Table 3.5. Average cover (± SE) and frequency (% plots) for species based on disturbance categories across the 91 plots in steppe vegetation in 
the intensively used 237 ha of Horcones Valley, Aconcagua Provincial Park. GF = growth form. S = shrubs. G = grasses. H = herbs. * = weeds. 
Freq. = frequency. 

     Level of disturbance 
   Undisturbed (n = 19) Low (n = 25) Medium (n = 29) High (n = 18) 
 Species Family GF Cover Freq. Cover Freq. Cover Freq. Cover Freq. 
Adesmia aegiceras Fabaceae S 21.2 ± 3.1 100 11.5 ± 1.9 84 8.9 ±1.2 90 5.5 ± 21.4 61 
Adesmia echinus Fabaceae S   0.65 ± 0.65 4 0.42  ± 0.42 3.4   
Berberis empetrifolia Lam. Berberidaceae S 3.4 ±2.7 16 0.6 ± 0.6 4 1.1 ± 0.8 3.4 1.4 ± 0.8 22 
Hordeum comosum Poaceae G     0.8 ± 0.4 20.7 0.3 ± 0.3 17 
Poa holciformis Poaceae G 3.8 ± 1.5 42 3.8 ± 1.6 40 1.0 ± 0.4 27.6 1.6 ± 0.6 56 
Stipa sp. Poaceae G 6.7 ± 2.1 63 8.0 ± 1.9 68 6.1 ± 1.4 69.0 2.8 ± 0.9 56 
Bromus setifolius Poaceae G 3.3 ± 1.1 68 2.3 ± 08 52 2.3 ± 1.3 41.4 2.5 ± 1.2 44 
Bromus catharticus Vahl Poaceae G   0.1 ± 0.1 4     
Acaena magellanica Rosaceae H 1.6 ± 0.9 16 1.0 ± 0.6 16 1.4 ± 0.9 10.3 1.0 ± 0.8 17 
Acaena pinnatifida Rosaceae H 3.6 ± 1.3 42 4.4 ± 1.9 56 4.7± 1.7 69.0 2.8 ± 1.2 61 
Arjona sp. Santalaceae H 0.4 ± 0.2 47 0.6 ± 0.3 40 0.5 ± 0.3 24.1 0.2 ± 0.1 33 
Jaborosa caulescens Gillies & Hook. Solanaceae H     0.02 ± 0.02 3.4   
Montiopsis gilliesii Montiaceae H   0.1 ± 0.1 8 0.07± 0.04 13.8 0.04 ± 0.03 11 
Tropaeolum polyphyllum Tropaeolaceae H 0.5 ± 0.3 21 0.7 ± 0.3 36 1.5 ± 0.9 48.3 0.1 ± 0.1 11 
Astragalus chuckansii Fabaceae H 0.1 ± 0.1 5 0.2 ± 0.1 12 0.5 ± 0.2 20.7 0.2 ± 0.1 22 
Astragalus arnottianus (Gillies ex Hook. & Arn.) Reiche Fabaceae H       0.01 ± 0.01 6 
Doniophyton anomalum (D. Don) Kurtz Asteraceae H 0.02 ± 0.02 5     0.01 ± 0.01 6 
Perezia carthamoides (D. Don) Hook. & Arn. Asteraceae H 1.1 ± 1.1 5 0.6 ± 0.4 16 0.6 ± 0.2 34.5 1.3 ± 0.9 17 
Nasthantus aglomeratus Miers Calyceraceae H     0.04 ± 0.03 6.9 0.01 ± 0.01 6 
Trechonaetes laciniata Solanaceae H 0.2 ± 0.2 5   0.01± 0.01 3.4   
Erigeron sp. Asteraceae H     0.01 ± 0.01 3.4   
Phacelia secunda Hydrophyllaceae H 0.3 ± 0.2 16 0.3 ± 0.2 24 0.03 ± 0.03 3.4 0.8 ± 0.5 28 
Plantago barbata G. Forst. Plantaginaceae H     0.12 ± 0.08 6.9 0.4 ± 0.4 6 
Senecio sp. Astaraceae H     0.01 ± 0.01 3.4 0.05 ± 0.05 6 
Convolvulus arvensis* Convolvulaceae H 7.3 ± 3.1 42 12.6 ± 3.5 56 13.2 ± 2.0 75.9 10.1 ± 2.4 67 
Taraxacum officinale* Astaraceae H     0.63 ± 0.59 6.9 0.33 ± 0.26 11 
Salsola kali* Amaranthaceae H     0.18 ± 0.16 6.9 0.53 ± 0.35 22 
Plantago lanceolata* Plantaginaceae H     0.11 ± 0.11 3.4   
# of native species per m2   4.5 ± 0.3  4.7 ± 0.3  5.1 ± 0.3  4.8 ± 0.5  
# of weed species per m2     0.4 ± 0.1   0.6 ± 0.1    0.9 ± 0.1    1.0 ± 0.2   
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Figure 3.2. Average cover (± SE) of shrubs, grasses, native and weed herbs based on 
disturbance categories across the 91 plots in steppe vegetation in the intensively used 
237 ha of Horcones Valley, Aconcagua Provincial Park.  

Table 3.6. Results from One–Way ANOVAs comparing the disturbance categories for 
102 off trail plots in the intensively used 237 ha of Horcones Valley, Aconcagua 
Provincial Park. * = weed. a = non- parametric Kruskal Wallis test used. Values in bold 
are significant at α = 0.05. 

Parameters F P 
Cover   

All vegetation  7.622 <0.001 

Native vegetation  4.581 0.005 

Native shrubs 7.415 <0.001 

Native grasses 2.067 0.110 
Native herbs 0.288 0.834 
Weed herbs 1.784 0.156 
Adesmia aegiceras 8.588 <0.001 

Poa holciformis
a
 3.409 0.333 

Stipa sp. 1.053 0.373 
Bromus setifolius 0.814 0.489 
Acaena pinnatifida 0.169 0.917 
Convolvulus arvensis* 1.507 0.218 

Species richness   
Total  1.794 0.154 
Native  0.679 0.567 
Weeds  3.969 0.011 
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Native shrubs including A. aegiceras were particularly sensitive to disturbance, with 

lower cover in disturbed plots compared to undisturbed plots (Tables 3.5 and 3.6, 

Appendix 3.2). Shrubs also occurred less frequently in highly disturbed plots compared 

to undisturbed plots (61% frequency vs. 100% frequency) (χ2 = 13.418, p = 0.004) 

(Table 3.5). In contrast, weeds were favoured by disturbance, with weeds more frequent 

in medium and highly disturbed plots (> 75% frequency) than undisturbed plots (42% 

frequency) (χ2 = 7.8747, p = 0.04) (Table 3.5). Also, there was greater weed diversity in 

medium and highly disturbed plots, with the weeds T. officinale, Salsola kali L. and P. 

lanceolata, only recorded in these plots. In low and undisturbed plots the only weed was 

C. arvensis (Table 3.5). 

As a result of these differences in the cover and frequency of some species, plant 

composition differed between undisturbed, medium and highly disturbed plots both for 

growth forms (One-Way ANOSIM, rho = 0.099, p = 0.001) and species cover (One-

Way ANOSIM, rho = 0.088, p = 0.004). This was due to declines in shrub cover, 

increases in the cover of weeds and more exposed soil and rock with increasing 

disturbance (Table 3.7, Figure 3.2). Species that contributed the most to the 

dissimilarity between undisturbed and highly disturbed plots were the native shrub A. 

aegiceras (more common/high cover in undisturbed plots) and the weed C. arvensis 

(more common/high cover in disturbed plots).  

Native species richness was not affected by disturbance with similar values across all 

plots (~5 species per 20 m2) (Table 3.6). The cover of native grasses and native herbs, 

and several of the common native species, were also not affected by disturbance (Table 

3.6). Many of these native herbs are considered disturbance-resistant species including 

A. pinnatifida, Trechonaetes laciniata Miers, Phacelia secunda J.F. Gmel. and 

Montiopsis gilliesi (Hook. & Arn.) (Mendez et al., 2006).  

Vegetation in alpine meadows was dominated by native herbs (34% cover), native 

sedges (23%), weeds (17%), native grasses (12%) and a native rush (7%) (Appendix 

3.1). The most common plants in meadows were the native herb A. magellanica (29% 

cover), considered a disturbance-resistant species (Mendez et al., 2006), and the 

environmental weed T. officinale (16%). The meadows in this intensively used area had 

less vegetation cover (77% ± 6%) than undisturbed meadows previously surveyed 

higher in the Valley (95 ± 3%, Barros et al., 2013).  
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Table 3.7. Average abundance and percentage contribution to the dissimilarity among 
growth forms between disturbance categories in the intensively used 237 ha of the 
Horcones Valley, Aconcagua Provincial Park. Values from the dissimilarity matrix in 
Primer for cover of growth forms using the SIMPER command. Undist. = undisturbed.  

 

3.5 Discussion 

This study highlights how intensive visitor use including off trail along with 

infrastructure can damage large areas of vegetation in high conservation mountain 

protected areas (Monz et al., 2010b; Leung et al., 2011; D’Antonio et al., 2013; 

Walden-Schreiner & Leung, 2013). In Aconcagua, a total of 20 ha of vegetation were 

lost due to trails and other infrastructure in the most intensively used 237 ha of the Park. 

The network of trails also resulted in high levels of fragmentation for both steppe and 

alpine meadows. Impacts on vegetation were not limited to trails, with a further 177 ha 

damaged by off trail use. The study also demonstrated that the simple criteria used here 

to determine the level of disturbance off trails, was able to capture important changes in 

vegetation. For example, medium and highly disturbed plots differed in a range of 

vegetation parameters (e.g. native cover, cover/number of trampling-resistant species) 

compared to undisturbed plots. This has important management implications, as the 

method used was not as labour intensive as the more detailed vegetation surveys (e.g. 

four work days by one person vs. 20 work days by two people), hence it would be more 

efficient when making a preliminary determination of the resource condition of sites and 

implementing management actions to minimize potential negative impacts.  

Informal trail networks 

The formation of the extensive network of informal trails in Aconcagua is of 

concern, both because of additional loss of vegetation beyond formal trails, and because 

they contributed extensively to vegetation fragmentation. Factors contributing to the 

creation of these types of informal trails include the topography of the site, managerial 

  Average abundance  Percentage contribution 
      Undisturbed vs.  
 Undist. Low Medium High  Low Medium High 
Exposed soil and rock 50 56.79 61.11 70.76  25.63 26.74 30.86 
Native shrubs 24.57 12.94 9.79 6.96  25.36 25.09 26.77 
Native grasses 13.77 14.12 10.14 7.23  15.97 14.5 13.65 
Native herbs 7.78 7.99 8.92 6.86  12.98 13.41 11.76 
Weed herbs 7.51 12.59 14.15 10.96   20.66 20.26 16.97 
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and social factors, particularly the types of activities and visitor motivations (Turner, 

2001; Park et al., 2008; Wimpey & Marion, 2010). For instance, a study assessing 

visitor characteristics and their association with the formation of networks of informal 

trails (Walden-Schreiner & Leung, 2013), found that visitors were more likely to go off 

trails for “stationary activities” such as sightseeing and picnicking than more vigorous 

activities such as hiking or running. In Aconcagua, most visitors are sightseers who visit 

the Park to view Mt. Aconcagua and for picnicking (Dirección de Recursos Naturales, 

2009), which may have contributed to the creation of informal trails and in increasing 

levels of off trail use.  

Pack animals can also contribute to the creation of networks of informal trails and to 

off trail impacts (Newsome et al., 2002, 2004; Pickering et al., 2010). In Aconcagua 

informal trails used by both visitors and pack animals were often wider than those just 

used by hikers, and areas closer to these trails were more likely to show high levels of 

disturbance including the presence of dung and grazing damage to plants. Factors that 

can contribute to pack animals trampling off trail in the Park include: 1) large groups of 

untethered mules and horses traversing the Valley with animals often leaving the trails 

to graze (Barros et al., 2013), and 2) visitors often having to move off the main trails to 

avoid collisions with herds of pack animals (Dirección de Recursos Naturales, 2009). 

Clearly, the lack of regulations regarding the use of pack animals in the Park is an issue, 

which subsequently will increase the amount of damage and area affected. Research has 

already demonstrated that pack animals often have greater ecological impacts than those 

of hikers (Liddle, 1997; Cole et al., 2004; Newsome et al., 2004; Loydi and Zalba, 

2009; Törn et al., 2009; Pickering et al., 2010). 

Implications of changes on vegetation off trail 

For steppe vegetation, off trail disturbance resulted in vegetation dominated by more 

resistant flora including weeds and native herbs and few natives compared to 

undisturbed vegetation. In the limited alpine meadows it resulted in a change from 

sedge dominated meadows (Barros et al., 2013) to meadows with less vegetation and/or 

dominated by more resistant herbs including weeds. Increasing unregulated visitor use 

of the Park is therefore likely to result not only in the direct loss of vegetation on trails, 

but also further changes in meadow and steppe vegetation towards this new 

“disturbance flora” reducing the conservation values of intensively used areas.  
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Changes in plant composition from off trail disturbance were likely to be exacerbated 

by the edge effects of trails including the effects of fragmentation (Wimpey & Marion, 

2011; Leung et al., 2011, 2012). For example, the large network of informal trails could 

have facilitated the spread of weeds across the intensively used area (Mount & 

Pickering, 2009; Pickering & Mount, 2010; Leung et al., 2012). Informal trail networks 

could have changed the conditions of the meadows by altering the moisture content of 

soils and local hydrology, facilitating species adapted to drier soils such as A. 

magellanica (Mendez et al., 2006; Barros et al., 2013).  

Reductions in habitat quality due to informal trail networks are of concern for many 

protected areas, in particular where high conservation value plant communities such as 

alpine meadows are fragmented. Similar impacts to those found in Aconcagua have 

been observed in plant communities in intensively visited mountain summits and alpine 

meadows in North America (Monz et al., 2010b; Leung et al., 2011; Kim and Daigle, 

2012; Walden-Schreiner & Leung, 2013). For the dry Andes, damage to alpine 

meadows is important because they are critical biodiversity hotspots and play a key role 

in water regulation and quality (Squeo et al., 2006; Buono et al., 2010; Otto et al., 

2011).  

Management and monitoring impacts 

Given the extent of the impacts on the intensive use area of Aconcagua, protected 

area managers should concentrate visitor use to a limited set of professionally designed 

formal trails. This could include separating hiker and pack animal trails, establishing 

good signage and educational programs, and using visual features (e.g. rocks, wood 

posts, fencing) to confine traffic to trails (Newsome et al., 2004; Park et al., 2008; 

Wimpey & Marion, 2010).  

The rapid assessment method implemented for this study to determine off trail 

disturbance should be repeated in the intensively used area as well as used in other parts 

of the Park as part of a program for monitoring and managing visitor impacts. The 

method could also be adapted to monitor dispersed impacts in other protected areas. For 

example, it could be used to assess hiker and pack animal disturbance, and also could 

incorporate or use alternative simple visual categories to assess other types of visitor 

activities including mountain biking, trail biking and recreational horse riding. Such 

direct monitoring programs could determine if over the longer term disturbance off trail 
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increases, remains the same or decreases. This type of monitoring protocol can also be 

used to assess the effectiveness of any new management actions taken to discourage 

dispersed use and assist in identifying priority areas for restoration.  

Monitoring subtle changes on informal trail networks in Aconcagua over the longer 

term may have some limitations due to the accuracy of the GPS used (> 1 m accuracy) 

and the lack of operating reference stations (CORS) in the Park and in nearby locations. 

To monitor trail networks with greater accuracy, professional grades GPS units (< 1 m 

accuracy), as used in some protected areas in the United States (Monz et al., 2010b, 

Leung et al., 2011; Wimpey and Marion 2011), are needed. Many protected areas 

however, including Aconcagua, have financial constraints limiting acquisition of this 

type of technology (Bruner et al., 2004, Direccion de Recursos Naturales 2009). 

Although limiting the capacity for monitoring, mapping trail networks with less 

expensive GPS units still provides valuable information including the extent of trail 

impacts and the degree of landscape fragmentation. 

An additional method that could be used in Aconcagua to map visitor travel patterns 

including off trail use is the use of small GPS trackers (Beeco & Brown, 2013; Orsi & 

Geneletti, in press). These devices can be set up to record the GPS locations of visitors 

at specified time intervals, with the data subsequently uploaded to ArcGIS or a similar 

program for analysing visitor distribution (Monz et al, 2010b; Hallo et al., 2012; Wolf et 

al., 2012). These trackers can be attached to pack animals and other types of transport 

(e.g. mountain bikes), or can be carried in visitor back packs providing detailed 

information about where and when visitors use different locations within a protected 

area (D’Antonio et al., 2010; Monz et al, 2010b; Wolf et al., 2012). In Aconcagua, GPS 

trackers could be used to map pack animal movements including identifying areas used 

for grazing. As with professional GPS units, however, the use of these GPS trackers is 

often too expensive for many protected areas agencies. Alternative methods to map 

usage patterns include direct observations methods as done in some other protected 

areas (Cessford & Muhar, 2003; Walden-Schreiner & Leung, 2013). The method used 

will depend, at least in part, on the availability and relative costs of GPS trackers vs 

staff to directly observe visitor use.  

The proliferation of smart phones including their own GPS units in many parts of the 

world means that visitors themselves may often carry the technology and disseminate 

the information through social media, user group websites and blogs (Jankowski et al., 

2010; Orsi and Geneletti, in press). Protected area agencies can start using this 
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information to map visitor movements including identifying key locations where visitor 

use tends to be dispersed and potentially affected by off trail use. To date, such 

information for Aconcagua remains limited. 

3.6 Conclusions 

There is increasing interest in assessing the spatial extent of visitor impacts in 

protected areas, including those from trail networks and off trail use on vegetation in 

areas of high conservation value (Park et al., 2008; Monz et al., 2010a; Wimpey & 

Marion, 2011; D’Antonio et al., 2013). New and existing methods, such as those used in 

this study, are important in helping protected area managers prioritize management 

strategies before ecological thresholds are reached and restoration measures are 

necessary. These types of methods are particularly useful for protected areas with 

limited resources for implementing more detailed and intensive monitoring protocols.  
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Appendix 3.1. Average cover (± SE) and frequency (% plots) for growth forms and 
species across the 11 plots in alpine meadow vegetation in the intensively used 237 ha 
of the Horcones Valley, Aconcagua Provincial Park. GF = growth form. G = grasses. H 
= herbs. Se = sedges. R = rushes. * = weed. 
 
  Family GF Cover Freq. 
Grasses   12.4 ± 3.0 82 
Hordeum comosum Poaceae G 4.3 ± 1.5 64 
Poa sp. Poaceae G 2.9 ± 1.1 46 
Bromus setifolius  Poaceae G 3.6 ± 2.8 27 
Bromus catharticus  Poaceae G 0.8 ± 0.8 9 
Herbs   33.9 ± 7.0 91 
Acaena magellanica Rosaceae H 28.9 ± 7.1 73 
Nastanthus aglomeratus Calyceraceae H 0.1 ± 0.05 27 
Plantago barbata Plantaginaceae H 1.4 ± 0.9 18 
Acaena pinnatifida Rosaceae H 0.7 ± 0.6 9 
Malvella leprosa (Ort.) Krap. Malvaceae H 0.2 ± 0.2 9 
Montiopsis gilliesii Montiaceae H 0.04 ± 0.04 9 
Tropaeolum polyphylum Tropaeolaceae H 0.1 ± 0.1 9 
Astragalus chuckansii Fabaceae H 0.2 ± 0.2 9 
Perezia carthamoides Asteraceae H 0.04 ± 0.04 9 
Ranunculus peduncularis Ranunculaceae H 0.2 ± 0.2 9 
Hypsela reniformis Campanulaceae H 0.6 ± 0.6 9 
Sedges   23.2 ± 12.0 36 
Carex gayana Cyperacea Se 11.9 ± 7.2 27 
Eleocharis sp. Cyperacea Se 4.7 ± 4.5 18 
Eleocharis cfr. melanonphaba 

C.B. Clarke Cyperacea Se 4.8 ± 4.8 9 
Rushes 
Juncus arcticus Juncaceae R 7.2 ± 4.4 27 
Weeds   16.9 ± 3.7 100 
Plantago lanceolata* Plantaginaceae H 0.04 ± 0.04 9 
Taraxacum officinale* Asteraceae H 15.8 ± 4.3 82 
Poa compresa* Poaceae G 2.9 ± 1.9 27 
Convolvulus arvensis* Convolvulaceae H 1.8 ± 0.9 27 
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Appendix 3.2. Tukey post hoc test from One-Way ANOVAs for vegetation parameters 
in undisturbed and disturbed plots in the intensively used 237 ha of the Horcones 
Valley, Aconcagua Provincial Park. Values in bold are significant at α = 0.05.  

Vegetation cover (top) and native vegetation cover (left) 
 Undisturbed Low Medium High 
Undisturbed  0.358 0.039 <0.001 

Low 0.278  0.688 0.007 

Medium 0.061 0.883  0.083 
High 0.003 0.171 0.463  
Shrub cover (top) and cover of Adesmia aegiceras (left ) 
 Undisturbed Low Medium High 
Undisturbed  0.014 0.003 <0.001 

Low 0.019  0.967 0.314 
Medium 0.001 0.86  0.527 
High <0.001 0.118 0.382  
Weeds sp. richness 
 Undisturbed Low Medium High 
Undisturbed  0.896 0.045 0.04 

Low   1.63 0.133 
Medium    0.985 
High      
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CHAPTER 4 

IMPACTS OF EXPERIMENTAL TRAMPLING 

BY HIKERS AND PACK ANIMALS 

The previous chapter has assessed on and off trail impacts on vegetation in the 

intensively used 237 ha of the Horcones Valley. Informal trail networks and visitor 

infrastructure resulted in 9% of vegetation being directly damaged and high levels of 

fragmentation on alpine steppe and alpine meadow vegetation. These networks also 

resulted in 82% of the area off trail being damaged by visitor dispersed use. Pack animal 

traffic appeared to be one of the main factors contributing to disturbance off trail. It is 

therefore important to regulate hikers and pack animals due to their dispersed use in 

intensively used areas. This result chapter will examine and compare the relative 

impacts of trampling by hikers and pack animals on natural vegetation. The resistance 

of vegetation to different levels of trampling by hikers and pack animals was assessed in 

an alpine meadow community of high conservation value. 

This chapter is currently in press by the Journal Plant Ecology and Diversity and 

hence has been formatted to that Journal style. The co-author of this manuscript is my 

principal supervisor Catherine Pickering. The citation is as follows: “Barros, A., 

Pickering C.M. Impacts of experimental trampling by hikers and pack animals on a 

high altitude alpine sedge meadow in the Andes. Plant Ecology and Diversity”. The 

published version of this chapter can be found at the publishers website: 

 <http://www.tandfonline.com/toc/tped20/current#.UzDNHaiSxBk> 

  

http://www.tandfonline.com/toc/tped20/current#.UzDNHaiSxBk
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4.1 Abstract  

Background: Damage to alpine plant communities of high conservation value is likely 

to occur when hikers and pack animals trample vegetation when accessing remote 

destinations. Currently, there is limited research that quantifies and compares impacts 

from these activities, including in the high Andes.  

Aims: A manipulative experimental protocol was used to assess damage to alpine 

meadows by pack animals (mules and horses) and hikers in the highest altitude park in 

the Southern Hemisphere, Aconcagua Provincial Park, around Mt Aconcagua (6962 m 

a.s.l.).  

Methods: Vegetation parameters including height, overall cover, cover of dominant 

species and species richness were measured immediately after, and two weeks after 

different numbers of passes (none, 25, 100 and 300) by hikers or pack animals using a 

Randomized Block design.  

Results: Pack animals had two to three times the impact of hiking on the meadows, with 

greater reductions in plant height, the cover of one of the dominant sedges and declines 

in overall vegetation cover after 300 passes. Impacts of pack animals were also apparent 

at lower levels of use than for hikers. These differences occurred despite the meadow 

community having relatively high resistance to trampling due to the traits of one of the 

dominant sedges (Carex gayana). 

Conclusions: It appears that the scale to which impacts differ between trampling by 

pack animals and hikers depends on the characteristics of the plant community, the 

amount of use and the vegetation parameters measured. Although resilience and hence 

tolerance was not tested, both types of visitor use affect the conservation value of the 

meadow habitat in Aconcagua Provincial Park. Pack animal and hiker use of this plant 

community in the dry Andes should therefore be minimised.  

Keywords: recreation ecology; alpine sedge meadow; resistance; Aconcagua; 

trampling; mules; horses; Andes; dominant species.  
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4.2 Introduction  

Mountain protected areas are often iconic destinations for adventure tourists when they 

include the highest summits of continents, countries and regions (Buckley 2006). With 

limited time and greater wealth, many adventure tourists use commercial operators 

rather than undertaking the trip as independent travellers (Buckley 2006). As a result, 

tourists may still hike to the destination, but use commercial operators to transport their 

equipment on pack animals to remote locations (McClaran and Cole 1993; Geneletti and 

Dawa 2009). Pack animals are often used where road access is limited including in 

mountains in the Himalayas (Geneletti and Dawa 2009; Gurung and Seeland 2008), the 

Rocky Mountains (Cole et al. 2004) and the Andes (Byers 2009, Barros et al. 2013).  

Unfortunately, both hikers and pack animals can damage plant communities when 

accessing remote mountain regions including communities with high conservation value 

and limited distribution. This includes alpine meadows, bogs and feldmarks which can 

be very sensitive to trampling and are often slow to recover once damaged (McClaran 

and Cole 1993; McDougall and Wright 2004; Leung et al. 2011). Impacts of hikers and 

pack animals on these communities include soil erosion and compaction, loss of 

sensitive species, increases in resistant species, and overall reductions in species 

richness and total vegetation cover (Whinam et al. 1994; Monz 2002; Cole 2004; Hill 

and Pickering 2006; Scherrer and Pickering 2006; Nepal and Way 2007; Pickering et al. 

2010). The severity of impacts varies among plant communities and among different 

species depending on their traits (Liddle 1997; Yorks et al. 1997; Talora et al., 2007; 

Hill and Pickering 2009; Törn et al. 2009). For example, plant traits such as vegetation 

stature and growth form affect resistance and resilience to trampling. Some graminoids 

such as sedges are more resistant than many shrubs, forbs and ferns because they have 

below ground reproductive structures, often narrow leaves and flexible stems (Kuss 

1986; Sun and Liddle, 1993; Cole 1995; Liddle 1997; Yorks et al. 1997; Hill and 

Pickering, 2009).  

Despite differences in the severity of impacts among recreation activities few studies 

have quantified the scale of the differences, including comparing those of pack animals 

such as horses and mules with hiking (Pickering et al. 2010). To date there appear to be 

only four manipulative experimental studies and all were conducted in the Rocky 

Mountains of the western United States. They assessed the impacts of pack animals on 

the height and cover of natural vegetation (Weaver and Dale 1978; Cole and Spildie 



 

 114 

1998), or trail impacts including soil erosion and sediment yield (Weaver and Dale 

1978; Wilson and Seney 1994; DeLuca et al. 1998). None assessed the impacts of 

trampling on plant composition or the cover of dominant species. All four found that 

horses did more harm at lower levels of use than hiking (Weaver and Dale 1978; Wilson 

and Seney 1994; Cole and Spildie 1998; DeLuca et al. 1998). 

Although these results are expected, management decisions regarding the 

appropriateness of different recreational activities remain contentious (Phillips and 

Newsome 2002; Newsome et al. 2008). Issues raised include the narrow geographic 

spread of much of the research in recreation ecology (Buckley 2005; Pickering and Hill 

2007; Hill and Pickering 2009; Monz et al. 2010), including research on the impacts of 

horses (Newsome et al. 2008; Pickering et al. 2010). Therefore, research in other 

regions less studied with different climatic conditions, evolutionary histories and 

patterns of human use are important as they may indicate when generalizations based on 

research from one region applies more broadly, or when local factors may be more 

important. 

There is limited recreation ecology research from the high Andes of South America 

(Buckley 2005). Research on visitor impacts in this region is important due to its high 

conservation value and popularity as a tourism destination (Price 1992; Byers 2009, 

2011; Barros et al. 2013). It is also important in terms of testing the generality of 

assumptions based on existing research in recreation ecology, including the impacts of 

different types of trampling on vegetation. The Andean flora evolved in the absence of 

large hard-hoofed animals, such as horses and bovids, and may, therefore, be more 

vulnerable to intensive trampling by these types of animals (Molinillo and Monasterio 

2006; Villalobos and Zalba 2010). Currently there appear to be only five recreational 

ecology scientific papers from the whole of the Andes, all of which assessed trail 

impacts and none of which compared impacts between hikers and pack animals either 

on, or off, trails (Hoffman and Alliende 1982; Marion and Linville 2000; Farrell and 

Marion 2002; Byers 2009; Barros et al. 2013).  

Addressing the need for more comparative recreation ecology research, particularly 

in the Andes, we quantified the relative impacts of hikers and pack animals using a 

manipulative experimental trampling methodology. This experiment was conducted on 

an alpine sedge meadow in Aconcagua Provincial Park in Argentina. The Park 

conserves the region around the highest mountain in the Andes, Mt Aconcagua (6962 m 

a.s.l.), which is an increasingly popular destination for mountaineers and trekkers from 
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Europe and North America (Dirección de Recursos Naturales 2009; Barros et al. 2013). 

Although these alpine meadows account for less than 0.4% of the Park (Zalazar et al. 

2007), they play a key role in sustaining rare and endemic biota including ground 

nesting birds (Squeo et al. 2006, Olivera and Lardelli 2009).  

The specific aims of the research were to quantify the impacts of trampling by (1) 

pack animals and (2) hikers on an alpine sedge meadow, and (3) to compare the effects 

of these two activities for slight (25 passes), moderate (100 passes), and high usage (300 

passes). We hypothesize that (1) with increasing use there is increasing damage to 

meadows by both hikers and pack animals, (2) pack animals do more damage than 

hikers for equivalent number of passes, and (3) the impacts of trampling vary among 

plant species within the meadow.  

4.3 Methods 

Study area 

Aconcagua Provincial Park (69º50’ W, 32º39’ S) in the dry Central Andes of Argentina 

conserves 710 km2 of glaciers, watersheds, alpine ecosystems and archaeological sites 

around Mt Aconcagua. Vegetation cover in the Park is scarce (30%) due to the harsh 

climate conditions and geomorphology, with alpine meadows restricted to valley floors 

between 2400-3800 m a.s.l. (Mendez et al. 2006; Barros et al. 2013). The meadows are 

local biodiversity hotspots providing habitat for over 40 bird species including ground 

nesting birds (Olivera and Lardelli 2009) and clean water for lowland areas (Dirección 

de Recursos Naturales 2009).  

Prior to being designated as a Category II International Union for the Conservation 

of Nature (IUCN) Park in 1983, there was limited human use of the region, including 

transient use by indigenous communities for ceremonies (Barcena 1998), some military 

training in the mid-1900s (Quiroga 1996) and a few mountain expeditions (Direccion de 

Recursos Naturales 2009). Since 1980 the Park has been used for sightseeing, 

mountaineering and trekking (Direccion de Recursos Naturales 2009). In the 2010-2011 

season around 27,000 sightseers, 6,000 hikers and mountaineers and 5,000 pack animals 

(mules and horses) traversed alpine meadows when accessing view points and 

campsites (Dirección de Recursos Naturales 2011). No other human use is permitted in 

the Park, including mining, farming or livestock grazing other than pack animals 

(Direccion de Recursos Naturales 2009). 
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Study site 

Experimental trampling by hikers and pack animals with riders was undertaken on a 

fenced alpine sedge meadow 2 km from the end of the main access road to the Park in 

the Horcones Valley (69°56’30”S, 32°48’40.7”W, 2949 m a.s.l.) (Figure 4.1). This 

meadow was dominated by a Carex gayana plant community, growing on sandy loam 

soils with high organic matter content (16 ± 3%) (Barros unpublished data). The sedge 

C. gayana is associated with the regional endemic sedge Eleocharis 

pseudoalbibracteata, forming dense stands on depressed riverine landforms in alpine 

meadows (Mendez et al. 2006). It is characteristic of alpine meadows in the Southern 

Steppe Ecoregion in South America (Gandullo and Faggi 2005; Squeo et al. 2006; 

Mendez 2007). Both species are perennial rhizomatous geophytes (Kiesling 2009). 

Carex gayana is characterised by tough, broad leaves with plants up to 65 cm in height 

while E. pseudoalbibracteata has erect thin leaves with plants up to 17 cm in height 

(Kiesling 2009). 

The fence that protects this meadow (1 ha) was established in 2003, and since then 

the meadow has only experienced minor grazing and trampling due to occasional gaps 

in the fence. The experiment was conducted during the flowering and growing season 

for plants in the warmest time of year in February and March 2011 (Arroyo et al. 1981; 

Departamento General de Irrigación 2011) when tourism use of the area was high 

(Dirección de Recursos Naturales 2009). When the experiment was conducted however, 

soils were dry, possibly due to low snowfall over the previous winter (Departamento 

General de Irrigación 2011). 
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Figure 4.1. Location of the field site (69° 56' 30" W, 32° 48' 40" S) where the 
experimental trampling was conducted on an alpine sedge meadow in Aconcagua 
Provincial Park, Mendoza, Argentina.  
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Experimental design and sampling 

Experimental trampling by hikers and pack animals (a horse and a mule each with a 

rider) were applied to the alpine meadow using a modification of the Cole and Bayfield 

(1993) methodology to quantify impacts of different recreation activities. The basic 

design was a Randomized Block with seven treatments applied to each of six replicate 

blocks (transects). At the site, six 40 m long and 0.50 m wide parallel replicate transects 

(e.g. blocks) were marked out in a flat area of meadow with each transect 3 m apart. 

Transects were each divided into seven lanes each 4 m long and separated by 2 m. The 

seven experimental treatments were randomly assigned to the lanes. These were: control 

(no trampling), 25, 100 and 300 passes by horse/mule riders and 25, 100 and 300 passes 

by hikers (Figure 4.2). Each pass consisted of a one way ride/walk at a natural gait. The 

highest number of passes applied represents the number of passes by pack animals and 

hikers per day during peak usage of this area of the Park (Direccion de Recursos 

Naturales 2009). Previous studies on alpine plant communities have found that this level 

of use can cause significant damage including to vegetation cover to a range of plant 

communities (Bell and Bliss 1973; Cole 1995; Monz 2002). There were three hikers and 

two riders. The hikers and riders averaged 70 kg, the mule weighed 260 kg and the 

horse weighed around 300 kg (including saddle). The weight of riders (70 kg) is close to 

the weight carried by mules and horses in Aconcagua (60 kg) (Dirección de Recursos 

Naturales 2009). Mules and horses had shoes. All trampling and riding was undertaken 

at the same time.  

 
Figure 4.2. Experimental layout used to evaluate the relative impacts of hiking and 
riding pack animals on an alpine meadow in Aconcagua Provincial Park. There were six 
parallel 40 m transects (T1 to T6) separated by 3 m. Seven experimental treatments 
(control, 25, 100 and 300 passes by a rider on a mule/horse, and 25, 100 and 300 passes 
by a hiker) were applied to lanes using a stratified random design. The expanded lane 
shown in the bottom right hand side of the Figure indicates the location of the 16 points 
used to measure vegetation height, and the 152 points used to record the cover of each 
species. 
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At the start of the experiment, vegetation height, cover, species richness and 

composition were recorded in the seven control lanes in a rectangular quadrat of 4 m * 

0.25 m (e.g. providing species richness per 1 m2). Vegetation height was measured just 

after trampling and two weeks later in all lanes. Vegetation height was measured at 16 

evenly spaced points along the middle section of each lane (e.g. 5 cm either side of the 

mid line of the lane, every 50 cm) (Figure 4.2). Height was the maximum height of 

vegetation at each point in centimetres. Two weeks after the treatments were applied 

species richness, composition and cover were recorded in all lanes.  

The cover of each species was assessed in the lanes using 152 evenly spaced points 

(5 cm and 10 cm either side of the centre of the lane every 10 cm, starting at 20 cm) 

(Figure 4.2) using a 2 mm diameter metal rod held vertically. The number of hits 

touched by each species and litter underneath living vegetation were recorded. Multiple 

hits per point were possible where different species touched the rod. These data were 

used to calculate the cover of each species by dividing the number of hits for that 

species by the 152 points. The same 152 points were used to assess absolute cover, but 

in this case, only one record was made per point: that is if the tallest strata to touch the 

rod was vegetation or it was uncovered litter. No rock or bare soil was found in any 

lane. To obtain a complete species list for the lane, the rectangular quadrat was searched 

for any additional species present but not ‘hit’ by one of the points. These species were 

given an arbitrary low cover value of 0.5%. From these data and the species cover data, 

the total number of species per 1 m2 area was calculated for each lane.  

Plant biomass was measured using dry weights obtained by cutting all living 

vegetation (still green) at ground level in one 40 cm * 10 cm quadrat positioned in the 

centre of each lane at the end of the experiment. The biomass of litter was measured 

using the dry weight of all litter that was collected in each lane prior to cutting the 

vegetation in the quadrat of each lane. Samples were bagged, then later dried in an oven 

at 75°C for 48 hours and weighed.  

Although determining vegetation resilience by assessing changes over a longer 

period of time (i.e. >1 year) would be useful, we were unable to conduct this assessment 

due to budget and time limitations. Given these limitations, we consider that resistance 

is a satisfactory measure of trampling impacts on vegetation as it allows us to determine 

if there are levels of use that do not result in extensive damage.  
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Statistical analysis  

The effects of riding and hiking were compared using a series of One-Way Randomized 

Complete Block ANOVAs in the SPSS 17.0 statistical program. Dependent variables 

analysed included: vegetation height immediately after trampling and two weeks later; 

vegetation cover, cover of E. pseudoalbibracteata, C. gayana and litter, species richness 

and plant and litter biomass two weeks later. Treatment was included as a fixed factor 

and transect as a random factor. There were no significant differences among transects 

for any of the variables tested. The assumptions of homogeneity of variance were tested 

using Levene’s test.  

To compare differences between treatments on vegetation height immediately after 

trampling and two weeks later, the non-parametric Kruskal Wallis test was used with 

the Mann-Whitney U-Test used to compare pairs of variables. All cover values and the 

proportion of biomass from living plants were arsine square root transformed prior to 

analysis to satisfy the assumptions of the tests. Post-hoc tests were performed using 

Tukey’s test. This is a widely accepted conservative test for comparing multiple 

pairwise comparisons on data collected from the same experiment (Underwood 1997). 

In addition to the ANOVAs, paired t-tests were used to compare the impacts of pack 

animals and hiking for the same number of passes.  

A resistance index was calculated for vegetation height to determine the number of 

passes required to cause 50% reduction of its original value (Liddle 1997). This was 

done by visually assessing the graph of mean height of vegetation vs. number of passes. 

For vegetation cover it was not possible to calculate the resistance index as even the 

maximum number of passes applied in this study resulted in less than a 50% reduction 

in vegetation cover.  

Vegetation parameters were not converted into relative values as has often been done 

when using the Cole and Bayfield (1993) methodology. This was because absolute 

rather than relative values for this type of data provide more statistically reliable results 

when directly testing for differences among activities and intensities of use using 

ANOVA (Pickering et al. 2011). If relative values are used in the ANOVA, the values 

for the control lanes are all 100%. As a result comparing controls with treatment lanes 

using ANOVAs violates two assumptions of the statistical test: homogeneity of variance 

and normality of the data (Underwood 1997). We confirmed that there were no 

significant changes in the control lanes over the two weeks between the initial 
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treatments and when changes in vegetation were measured two weeks later, using a 

paired t-test. Finally, treatments had been randomly allocated to lanes to ensure that any 

differences found using statistical tests could be attributed to the effect of the treatments 

and not to the inherent differences among lanes (Underwood 1997; Quinn and Keough 

2003).  

4.4 Results 

The untrampled alpine meadow had complete vegetation cover (100%), which 

consisted almost entirely of the two native sedges: C. gayana (99%) and E. 

pseudoalbibracteata (78%) (Table 4.1). These geophyte species were found in all 

control and trampled lanes. Nine other species were recorded across the control and 

trampled lanes but they were not common and had low cover (Table 4.1). They were a 

mixture of geophytes, hemicryptophytes and one chamaephyte (Table 4.1). The average 

dry biomass of vegetation in the untrampled meadow was 677 g/m2 with 61 g/m2 of 

litter (Table 4.2).  

Riding and hiking had a range of impacts on the alpine sedge meadow with 

significant changes in vegetation height, vegetation cover and the cover of the sedge E. 

pseudoalbibracteata. In addition, riding had significant impacts on the cover of C. 

gayana, litter and the proportion of living plant biomass. Plant species richness was the 

only parameter unaffected by either activity, with an average of 4 species per m2 

(Tables 4.2 and 4.3). 

Vegetation height was the most sensitive variable to trampling with significant 

reductions after 25 passes by riders (18 cm) and hikers (23 cm) when compared to 

control lanes (29 cm) immediately after use (Table 4.3, Appendix 4.1). The resistance 

index for vegetation height (e.g. the number of passes required to reduce initial 

vegetation height by 50%) two weeks after trampling by a horse/mule was 100 passes 

and 300 passes by hikers (Figure 4.3). Differences between trampling by hikers and 

riders were still evident two weeks later, with shorter vegetation after 25 passes in lanes 

ridden on (16 cm) than in lanes trampled by hikers (23 cm) (Figure 4.3, Appendix 4.2). 
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Table 4.1. Mean (± SE) cover of plants and litter two weeks after experimental trampling in an alpine meadow. Control = no trampling, 25 = 25 
passes, 100 = 100 passes, 300 = 300 passes, h = hikers, r = riders on a horse or a mule. GF = growth form, S = sedge, H = herb, G = grass, R = 
rush, B = bryophyte, LF= life form (C: chamaephyte, G: geophyte, H: hemicryptophyte) (Raunkiaer 1934). FC = frequency in control lanes. FT 
= Frequency in treated lanes. Six replicates were conducted per treatment.  

Species  Family GF LF Control FC 25h 100h 300h 25r 100r 300r FT 
Carex gayana Cyperaceae S G 98.8±0.5 6 99.3±0.3 97.9 ±0.8 94.2±2.2 89.4±7.3 97.1±0.9 83.8±2.0 36 
Eleocharis 

pseudoalbibracteata Cyperaceae S  
G 77.8±8.7 

 
6 47.9±10.8 48.1±10.0 27.4±11.4 73.7±7.3 31.0±7.5 9.2±2.8 36 

Hypsela reniformis Campanulaceae H G 3.5±2.0 4 0.5±0.4 2.7±2.4 0.2±0.1 0.6±0.3 0.7±0.5  12 
Plantago barbata  Plantaginaceae H H 1.6±1.3 3 0.6±0.5  1.7±1.7 9.1±8.1 1.4±1.4  6 
Poa subenervis var. 

spegazziniana Poaceae 
 
G 

 
H 1.3±0.7 

 
3 0.7±0.6 1.5±1.0  5.8±1.7 0.9±0.6 0.8±0.6 16 

Taraxacum officinale Asteraceae H H 0.3±0.1 4 0.2±0.1  0.2±0.2   0.1±0.1 4 
Werneria pygmaea Asteraceae H C      1.3±1.3 <1 <1 3 
Hordeum comosum Poaceae G H 0.4 ±0.3 2 <1  0.6±0.6 1.2±1.1   4 
Deschampsia 

caespitosa var. 
caespitose Poaceae 

 
 
G 

 
 
H 

  

<1   <1   2 
Juncus balticus var. 

andicola Juncaceae 
 
R 

 
G 

  
    0.6 ± 0.6   1 

Triglochin palustris  Juncaginaceae  H H      <1   1 
Unknown bryophyte Bryophyte B         <1 1 
Litter    41.6 ±12.6 6 63.7 ±9.0 63.5 ±8.5 74.2 ± 7.7 42.1 ±11.7 73.1 ±3.2 90.9 ±1.3 36 

 
Table 4. 2. Mean (± SE) plant and litter biomass and species richness in control lanes and lanes subject to different number of passes by hikers 
and riders 2 weeks after experimental trampling in an alpine meadow. Control = no trampling, 25 = 25 passes, 100 = 100 passes, 300 = 300 
passes, h = hikers, r = riders in a horse or a mule. Six replicates were conducted per treatment. 

  Control 25h 100h 300h 25r 100r 300r 
Biomass (g/m2)        
Plant 677 ± 56 566 ± 91 540 ± 38 437 ± 96 620  ± 127 650 ±  90 588 ± 113 
Litter 61 ± 32 86 ± 27 82 ± 28 115 ± 30 41 ± 13 105 ±  27 258 ± 66 
# species per m2 4.7 ± 1 3.7 ± 1 2.8 ± 0.4 2.8 ± 0.5 4.8 ± 0.7 3.2 ± 0.7 2.8 ± 0.5 
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Table 4.3. Results from One–Way ANOVAs (complete randomized block) comparing 
treatments (controls and different intensities of riding and hiking) and transects for 
vegetation parameters.* For vegetation height after experimental treatments, the non-
parametric Kruskal Wallis test was used. Values in bold are significant at α = 0.05. 
  Treatment Transect 
  H P H P 

Immediately after trampling     
Vegetation height* 25.014 <0.001 2.728 0.742 

 F P F P 

Two weeks after trampling     
Vegetation height 28.935 <0.001 0.805 0.550 
Vegetation cover 17.558 <0.001 0.331 0.890 
Carex gayana 5.667 <0.001 0.627 0.681 
Eleocharis pseudoalbibracteata 6.678 <0.001 0.069 0.996 
Litter 5.237 0.001 1.994 0.108 
# of species per m2 1.667 0.164 1.024 0.421 
Proportion of biomass from plants  3.765 0.007 0.160 0.975 

 

 
Figure 4.3. Mean (± SE) vegetation height in cm two weeks after experimental 
trampling of controls, hiking (h), riding a horse or a mule (r) for 25, 100 and 300 
passes on an alpine meadow in Aconcagua Provincial Park. Significant differences (p 
< 0.05) between hikers and riders at equivalent number of passes are indicated with an 
asterisk. 

Vegetation cover was affected by both activities, but only after 300 passes. It went 

from 100% in control lanes to 84% in lanes ridden on and 94% in lanes trampled by 
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hikers (Table 4.3 and Figure 4.4, Appendix 4.1). Trampling by both activities also 

resulted in declines in the cover of both dominant species. The sedge C. gayana had a 

cover of 99% in control lanes, but only 84% in lanes after 300 passes by pack animals 

(Table 4.3, Appendix 4.1) and 94% after 300 passes by a hiker (Figure 4.5, Appendix 

4.2). The other dominant sedge, E. pseudoalbibracteata was less resistant to trampling 

with decreased cover after 100 passes by pack animals and 300 passes by hikers 

(Table 4.3, Appendix 4.1). Its cover was 78% in control lanes, but only 31% after 100 

passes by pack animals and 27% after 300 passes by a hiker (Figure 4.5, Appendix 

4.1).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.4. Mean (± SE) percentage cover of vegetation (solid squares) and litter 
(clear squares) two weeks after experimental trampling of controls, hiking (h), riding 
a horse or a mule (r) for 25, 100 and 300 passes on an alpine meadow in Aconcagua 
Provincial Park. Significant differences (p < 0.05) between hikers and riders at 
equivalent number of passes for vegetation parameters are indicated with an asterisk. 
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Figure 4.5. Mean (± SE) percentage cover of (a) Carex gayana (solid squares), (b) 
Eleocharis pseudoalbibracteata (solid triangles) and (c) litter (clear circles) two 
weeks after experimental trampling of controls, hiking (h), riding a horse or a mule (r) 
for 25, 100 and 300 passes on an alpine meadow in Aconcagua Provincial Park. 
Significant differences (p < 0.05) between hikers and riders at equivalent number of 
passes for vegetation parameters are indicated with an asterisk. 

Damage to the two dominant species resulted in significant increases in the cover 

of litter, going from 41% in controls to 90% after 300 passes by riders (Table 4.3 and 

Figure 4.5, Appendix 4.1). Consequently, the proportion of living plant biomass was 

lower (Table 4.3, Appendix 4.1). Hiking did not affect the cover of litter or the 

proportion of living plant biomass (Table 4.3 and Figure 4.5, Appendix 4.1).  

4.5 Discussion  

This study found that as predicted, pack animals did more damage to the alpine 

sedge meadow than hiking. Trampling by pack animals resulted in around two to 

three times as much damage to vegetation as hikers depending on the vegetation 

parameter measured after 300 passes. Pack animals also caused damage at fewer 

passes than hikers again reflecting their greater impact on the meadow. These 

differences between activities occurred despite the apparent relatively resistance of 
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the meadow to trampling when assessed using changes in the overall cover of 

vegetation or the dominant sedge Carex gayana.  

Differences in the severity of impacts concur with the results from the only other 

two studies (Weaver and Dale 1978; Cole and Spildie 1998) comparing the relative 

impacts of hikers and horses on natural vegetation. All three studies found that pack 

animals did more damage than hikers after the same number of passes, but that 

differences in the size of their effects on vegetation cover were only apparent after 

high use for some plant communities. For example, differences in vegetation cover 

between the two activities were only apparent after 150 passes in vegetation 

dominated by the shrub Vaccinium scoparium while differences were apparent after 

only 25 passes in a forb dominated understorey in the montane zone of the Rocky 

Mountains of the United States (Cole and Spildie 1998). It appears that the slope and 

shape of the relationship between increasing use (number of passes) and damage to 

vegetation can vary between these two activities (Weaver and Dale 1978). 

Consequently, the size of any difference in impacts between hiking and horse riding 

depends on the type of vegetation, the vegetation parameter measured and the 

intensity of use.  

The resistance to trampling of the alpine sedge meadow in Aconcagua is likely to 

reflect the morphological traits of the dominant sedge C. gayana. It is taller and has 

broad tough leaves that can more easily be flattened rather than broken. In contrast, 

the other dominant sedge, E. pseudalbibracteata, has erect thin leaves and was less 

resistant to trampling. Variation in resistance has also been found in other plant 

communities were the traits of dominant species including their leaf structure strongly 

influence overall trampling resistance (Bernhardt-Romermann et al. 2011). For 

example, graminoid dominated communities are often more resistant to trampling 

than herb dominated communities, mainly due to differences in morphological 

characteristics (Weaver and Dale 1978; Kuss 1986; Cole and Bayfield 1993; Cole 

1995; Hill and Pickering 2009; Striker et al. 2011), and some species of Carex appear 

to be particularly resistant to trampling (Bayfield 1979; Grabherr 1982; Cole 1995).  

The high resistance of the meadow in Aconcagua to trampling may also have been 

due to the drier soils during the experiment, with low snow cover the previous winter. 

Low soil moisture can affect the susceptibility of plants to disturbance (Kuss 1986; 

Liddle 1997; Yorks et al. 1997). For example, experimental studies have found that 

some species of plant on drier soils are more resistant to trampling than the same 
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species on wetter soils (Leney 1974). It is possible that in wetter years even C. gayana 

may be more easily damaged due to trampling by hikers and pack animals.   

The variation among vegetation parameters in the severity of impacts in 

Aconcagua again highlights the importance of using a range of vegetation parameters 

when assessing impacts of visitor activities. Parameters such as vegetation height, 

biomass, cover and composition vary in their sensitivity to trampling, and so it is 

possible to miss ecologically important changes in plant communities if only less 

sensitive parameters are used (Growcock 2005; Monz et al. 2013). For example, 

reductions in vegetation height from trampling are likely to be ecologically important 

in alpine meadows in Aconcagua as they are used for ground nesting birds (Olivera 

and Lardelli 2009; Barros et al. 2013).   

As the study only looked at resistance, and not at resilience (recovery), it is not 

possible to assess the tolerance of this Andean alpine sedge meadow to trampling. 

High resistance does not automatically indicate high resilience, as has been found in 

several studies (Cole 1995; Liddle 1997). For example, some studies have indicated 

that productive and wet sites, such as many alpine meadows that have low resistances, 

can recover relatively fast from disturbance (Yorks et al. 1997; Byers 2011). In 

contrast, alpine sedge meadows with slow growing underground rhizomes might have 

high resistance, but recovery could be very slow and even take decades (Grabherr 

1982; Ortuño et al. 2006). For the Aconcagua alpine sedge meadow, low soil moisture 

may have contributed to higher resistance to trampling, but may also slow its 

recovery.  

Human use of the alpine meadows in Aconcagua should only be in ways that 

maintain their conservation value and the ecosystem services they provide. Given that 

the intensity of use tested in this study (300 passes) is similar to daily usage by hikers 

and pack animals during the most popular times of year, it is likely that visitor use is 

already well beyond the capacity of this plant community to resist damage. Therefore 

management initiatives should be implemented to minimise any use of these meadows 

by hikers and pack animals. This could include the provision of clearly defined 

official/hardened trails that avoid meadows whenever possible and improved 

regulations controlling pack animals in the Park. Where trails need to traverse alpine 

meadows, they should be designed so that they are elevated from the ground to avoid 

trampling damage. The results also highlight the importance of managing increased 
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visitation to all high altitude and remote parks especially where pack animals are 

increasingly used to transport equipment. 

4.6 Conclusions 

Although alpine sedge meadows can be relatively resistant to trampling, pack animals 

can do more damage to restricted plant communities than hikers, highlighting the 

importance of managing these types of visitor use, particularly in high conservation 

value mountain protected areas including those in the Andes.   
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Appendix 4.1. Tukey post hoc test from One-Way Randomized Block ANOVA for vegetation 
parameters in control lanes and lanes with different number of passes by hikers (h) and riders (r). 
* For vegetation height immediately after trampling the non parametric Mann Whitney U test 
was used. Values in bold are significant at α = 0.05 as this test is conservative and already adjusts 
for multiple pairwise comparisons. 

 Control 25h 100h 300h 25r 100r 300r 
Height immediately after* (top diagonal) and two weeks after trampling (bottom  
diagonal) 
Control  0.041 0.002 0.004 0.015 0.004 0.002 

25h 0.019  0.009 0.009 0.065 0.015 0.002 

100h <0.001 0.011  0.394 0.818 0.937 0.015 
300h <0.001 <0.001 0.364  0.485 0.749 0.093 
25r <0.001 0.030 1.000 0.968  0.589 0.180 
100r <0.001 <0.001 0.781 0.999 0.532  0.065 
300r <0.001 <0.001 0.011 0.648 0.004 0.253  
Vegetation cover (top diagonal) and cover of litter (bottom diagonal) 
Control  0.985 0.274 0.002 0.997 0.066 <0.001 

25h 0.499  0.727 0.013 1.000 0.298 <0.001 

100h 0.527 1.000  0.324 0.600 0.990 <0.001 

300h 0.098 0.960 0.950  0.007 0.757 0.006 

25r 1.000 0.444 0.471 0.081  0.209 <0.001 

100r 0.154 0.989 0.985 1.000 0.128  <0.001 

300r 0.002 0.163 0.149 0.656 0.001 0.517  
Cover of Carex (top diagonal) and Eleocharis (bottom diagonal) 
Control  1.000 0.998 0.584 0.167 0.953 0.002 

25h 0.404  0.977 0.385 0.086 0.838 0.001 

100h 0.349 1.000  0.875 0.401 0.999 0.007 

300h 0.012 0.627 0.688  0.980 0.986 0.123 
25r 1.000 0.621 0.558 0.029  0.687 0.487 
100r 0.027 0.814 0.861 1.000 0.061  0.022 

300r <0.001 0.071 0.088 0.842 0.001 0.663  
Proportion of biomass plants (not litter) 
Control  0.861 0.913 0.217 1.000 0.777 0.011 

25h   1.000 0.898 0.950 1.000 0.195 
100h    0.843 0.975 1.000 0.152 
300h     0.337 0.949 0.835 
25r      0.899 0.022 

100r       0.264 
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Appendix 4.2. Results from paired t-tests comparing hiking and riding at 25, 100 and 300 passes. 
Values in bold are significant at α = 0.05. 

  
25 hike vs 25 

ride 
100 hike vs 

100 ride 
300 hike vs 

300 ride 
  t P t P t P 

Height 2 weeks after trampling 2.911 0.033 1.268 0.261 4.174 0.009 

# of species -0.914 0.402 -0.042 0.695 0 1.000 
Biomass       

Litter  1.334 0.240 -0.578 0.588 -2.474 0.056 
Plant  -0.317 0.764 -1.341 0.237 -0.765 0.479 
Proportion plants -0.939 0.391 0.454 0.669 0.939 0.391 

Cover       

Vegetation  -0.236 0.823 0.595 0.578 2.974 0.031 

Litter 1.356 0.233 -1.142 0.305 -2.446 0.058 
Carex gayana 2.066 0.940 0.653 0.542 2.640 0.046 

Eleocharis pseudoalbibracteata -1.472 0.213 2.001 0.102 1.417 0.216 
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CHAPTER 5 

SHORT-TERM EFFECTS OF PACK ANIMALS GRAZING 

EXCLUSION 

The previous chapter quantified the severity of trampling impacts by hikers and pack 

animals on an alpine meadow. Pack animal trampling resulted in greater reductions in 

vegetation cover than trampling by hikers, but only at the highest number of passes 

applied (300) due to the resistance of one of the dominant sedges (Carex gayana). More 

vegetation parameters were affected by pack animals than hikers, and some at low or 

moderate numbers of passes. The results reinforce the importance of regulating pack 

animal use in protected areas as they do greater damage to vegetation than hikers. They 

also produce other impacts including from grazing. Therefore this result chapter 

examines the response of vegetation to the exclusion of grazing by pack animals over 

one growing season in three alpine meadows. This included assessing if there were 

changes in height, biomass and composition, as these parameters are likely to reflect the 

habitat quality of the meadows for native animals. 

This chapter is currently in press by the Journal Arctic, Antarctic and Alpine 

Research and hence has been formatted to that Journal style. The co-authors of the 

manuscript are my principal supervisor, Catherine Pickering and Daniel Renison, a 

researcher from Argentina whose field of expertise includes plant ecology in the Andes. 

The citation is as follows: “Barros, A., Pickering, C.M., Renison, D. Short- term effects 

of pack animals grazing exclusion from Andean alpine meadows. Arctic, Antarctic and 

Alpine Research. The published version of this chapter can be found at the publishers 

website: <https://instaar.colorado.edu/AAAR/index.php> 
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5.1 Abstract 

Grazing by livestock can have positive, neutral and/or negative effects on vegetation 

depending on the intensity and type of grazing. This includes grazing by pack animals 

used for tourism in mountain protected areas. We assessed the response of vegetation to 

the exclusion of grazing by pack animals over one growing season in the highest park in 

the Southern Hemisphere, Aconcagua Provincial Park, dry Central Andes. Twenty pairs 

of exclosure and unfenced quadrats were established in three high altitude Andean 

alpine meadows that are intensively grazed by horses and mules used by commercial 

operators to transport equipment for tourists. Vegetation parameters, including height, 

cover and composition were measured in late spring when exclosures were established 

and ~120 days later at the end of the growing season along with above ground biomass. 

Data was analysed using mixed models and ordinations. Vegetation responded rapidly 

to the removal of grazing. Vegetation in exclosures was more than twice as tall, had 

30% more above ground biomass, a greater cover of grasses including the dominant 

Deyeuxia eminens and less litter than grazed quadrats. These changes in the vegetation 

from short-term exclusion of grazing are likely to increase the habitat quality of the 

meadows for native wildlife.  

5.2 Introduction 

Grazing by large herbivores affects vegetation dynamics in grasslands including 

positive, neutral and negative changes in productivity and biodiversity (Milchunas and 

Lauenroth, 1993; Briske et al., 2003; Cingolani et al., 2005). In systems with a long 

grazing history, grazing can contribute to resource availability by increasing 

productivity, with maximal growth at intermediate levels of grazing (McNaughton, 

1984). Grazing can also increase plant diversity by selectively removing more 

competitive common palatable species resulting in increased diversity and cover of less 

palatable species that previously were uncommon (Milchunas et al., 1989; Hobbs and 

Huenneke, 1992; Buttolph and Coppock, 2004).  

In situations where the intensity or the type of grazing has changed, grazing may 

reduce productivity and biodiversity (Cingolani et al., 2005; Villalobos and Zalba, 

2010). Differences between the current and past grazing pressure, even where 

vegetation is adapted to herbivory, can affect the vulnerability of ecosystems to grazing 
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(Cingolani et al., 2008; Renison et al., 2010). For example, reductions in productivity 

due to a greater herbivore biomass per unit area can occur with intensive management 

of domestic livestock, compared to unmanaged systems (Oesterheld et al. 1992, 

Cingolani et al., 2008). Differences in animal allometry, such as larger hooves and/or 

body size of domestic livestock compared to wild herbivores, can also result in changes 

in native vegetation structure and cover (Cumming and Cumming, 2003). 

The use of horses and mules as pack animals in protected areas can increase grazing 

pressure on native grasslands. These pack animals are increasingly used for transporting 

visitors and their equipment to more remote conservation areas where there is limited 

road access (Geneletti and Dawa, 2009). This can result in high grazing pressure along 

hiking trails and campgrounds near water sources, with the numbers of animals often 

determined by visitor demand rather than sustainable grazing practices (Cole et al., 

2004; Byers, 2010). Grazing by these pack animals is of concern in mountain protected 

areas as it is concentrated during the short snow free period when most biological 

processes occur (Geneletti and Dawa, 2009). In addition, alpine plants often have low 

resilience to disturbance (Körner, 2003).  

The effects of grazing by pack animals in alpine regions have received little attention 

despite their increased use in many mountain protected areas (Parsons, 2002; Cole et al., 

2004). This is of particular concern as the principle function of these areas is the 

conservation of biodiversity (Cole et al., 2004; Crisfield et al., 2012), and grazing is 

often unregulated and rarely monitored (Moore et al., 2000; Cole et al., 2004). For 

example, although the use of introduced pack animals (e.g. horses and mules) to 

transport equipment for mountaineers is increasingly common in some protected areas 

across the Andes, grazing by these animals is often unregulated (Byers, 2010; Barros et 

al., 2013).  

Research in the Andes has found positive, negative and neutral effects on vegetation 

and soils from grazing by introduced livestock and by native herbivores (Preston et al., 

2003; Squeo et al., 2006b, Molinillo and Monasterio, 2006). Most research is in areas 

used for pastoralism that vary in environmental conditions, seasonality and grazing 

regime (Bradford et al., 1987; Adler and Morales, 1999; Alzérreca et al., 2001, 2006; 

Molinillo, 1993; Hofstede et al., 1995; Preston et al., 2003; Molinillo and Monasterio, 

2006; Nosetto et al., 2006; Squeo et al. 2006b; Patty et al., 2010). There is very limited 

work assessing the impacts of grazing by livestock in protected areas in the Andes, 

including grazing by pack animals on alpine vegetation. 
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The dry Andes (31-35°S) can be particularly susceptible to grazing by pack animals 

as vegetation is often restricted to the valley floors, where tourism and hence pack 

animal grazing is also concentrated (Barros et al., 2013). This includes grazing on alpine 

meadows which are of high conservation value as they provide habitat for wildlife 

including ground nesting birds and play a key role in ecosystem services, including 

carbon sequestration and water regulation (Earle et al., 2003; Squeo et al., 2006a; 

Buono et al., 2010; Otto et al., 2011).  

While some impacts of grazing are only evident over the long-term, we were 

interested in assessing the short-term response of alpine meadows to the removal of 

grazing by pack animals over a growing season. This includes assessing if there were 

changes in vegetation height, biomass and composition as these parameters are likely to 

reflect the habitat quality of the meadows for native animals. We assessed the initial 

effects of excluding grazing by horses and mules in the highest park in the Southern 

Hemisphere, Aconcagua Provincial Park in Argentina. Specifically we compared 

vegetation height, biomass and composition between grazed quadrats and grazing 

exclosures. 

5.3 Methods 

Study area 

Aconcagua Provincial Park is a Category II IUCN park in the Central Andes (69º50’ 

W, 32º39’ S) that protects 71,000 hectares of glaciers, watersheds and alpine 

ecosystems around Mt. Aconcagua. Temperatures are low all year with winter averages 

of 0°C and summer averages of 11°C at 2900 m a.s.l (Departamento General de 

Irrigación, 2011). Above 2700 m a.s.l, there is snow cover for over four months a year, 

with an annual average snow water equivalent of 100 mm for the last 10 years 

(Departamento General de Irrigación, 2011). 

The Park is increasingly popular for tourism, with around 6000 hikers and 

mountaineers using the Park each summer. All of the campsites used by mountaineers 

are remote with only 3 km of road compared to 112 km of trails throughout the Park. 

Therefore, mules and some horses are used by commercial tour operators to transport 

equipment for those staying in the remote campsites. There are around 5000 pack 

animals using the Park each summer resulting in high grazing pressure along the two 

main trails. Before commercial mountaineering, there was limited human use of the 



140 
 

Park, with transient use by indigenous communities for ceremonial rituals (Bárcena, 

1998; Schobinger, 1999), military training in the mid-1900s and few climbing 

expeditions (Dirección de Recursos Naturales, 2009).  

Grazing by pack animals is concentrated in the high canopy cover (> 90%) and high 

productive (> 1000 g/m2) Andean meadows (Squeo et al., 2006a). These occur close to 

streams or high groundwater valley bottoms, shallow basins and other low relief areas 

between 2400 and 3800 m a.s.l (Barros, 2004; Mendez et al., 2006) on moist soils rich 

in organic matter (16 ± 3%) (Barros et al., unpublished). They are preferentially used by 

commercial operators to graze pack animals as the surrounding vegetation is sparse 

growing on shallow soils and often steep slopes.  

There are around 124 species of plants in the region (Mendez et al., 2006), 

predominantly perennials (Mendez et al., 2006). Common species in the Andean 

meadows include tussock grasses (Deyeuxia spp.) geophyte sedges (Carex gayana, 

Eleocharis pseudoalbibracteata), herbs (Werneria pygmaea, Mimulus luteus) and 

rushes (Oxychloe bisexualis, Patosia clandestina) (Mendez et al., 2006). As in many 

arid mountain regions of the world, there is no real timberline at this latitude (33° S) 

(Hoffmann, 1982). 

The only large native grazing mammal in the Park is the guanaco (Lama guanicoe, a 

camelid), which is mostly found in the wilderness areas of the Park far from tourist 

trails (Dirección de Recursos Naturales, 2009). The only exotic wild grazer is the 

European hare (Lepus europaeus) (Dirección de Recursos Naturales, 2009), which tends 

to avoid main trails and campsites (Agustina Barros pers. obs. 2012). Bird diversity is 

relatively high (92 species) with a high number of bird species nesting in the Park (44) 

(Olivera and Lardelli, 2009). 

Study site 

The effects of excluding grazing by large mammals for one growing season were 

assessed in three meadows used for grazing by pack animals. The meadows are in the 

alpine zone intersecting the access trail for one of the two main base camps of 

Aconcagua, Plaza Argentina (4250 m a.s.l; Fig. 5.1). Before reaching base camp, 

tourists and pack animals stay overnight at intermediate campsites. Although these sites 

have been grazed by pack animals for over 50 years, there has been an exponential 

increase in the use of pack animals since 2000 (Dirección de Recursos Naturales, 2011) 
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with around 500 pack animals grazing overnight in this Valley in 2000-2001 and 2700 

pack animals in 2010-2011 (Dirección de Recursos Naturales, 2011). 

Study Meadows 1 and 2 were located close to Casa de Piedra campsite at 3200 m 

a.s.l, 27 km and 2 days walking from the trail head. Meadow 1 is a sloping meadow 

situated on the side of a landslide and is kept wet by springs, rain and snowfall water. 

Meadow 2 is on a flat area in an alluvial plain and is fed by surface and underground 

water from the Vacas River. Meadow 3 is near the informal campsite Plaza Argentina 

Inferior in Los Relinchos Valley at 3700 m a.s.l, 32 km and 3 days walking from the 

trail head. It is situated on an alluvial plain and is fed by ground and surface water from 

Los Relinchos River (Table 5.1, Figs 5.1 and 5.2).  
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Figure 5.1. Location of the alpine Meadow 1 and Meadow 2 in Casa de Piedra and 
Meadow 3 in Plaza Argentina Inferior, where the experiment was conducted between 
November 2010-March 2011 in Aconcagua Provincial Park (69º50’ W, 32º 39’ S).  
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Figure 5.2. General view of the three meadows (left) and of an exclosure in each alpine 
meadow at the end of the experiment in March 2011 (right) in Aconcagua Provincial 
Park. (a, b) Meadow 1 (c, d) Meadow 2 and (e, f) Meadow 3. 
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Table 5.1. Details of the three meadows on Vacas route in Aconcagua Provincial Park where the grazing exclusion experiment was conducted 
between November 2010 and March 2011 including the number of paired quadrats sampled, location, altitude and slope, and the estimate of the 
intensity of grazing by pack animals (dry weight of dung per m2). 
 
Meadow # paired 

quadrats 
Latitude, Longitude Altitude 

(m a.s.l) 
Total area 

(ha) 
Slope (º) Dung 

(g/m2) 
Casa de Piedra       
 Meadow 1 5 32º 37' 50"S, 69º 50' 18"W 3251 1 10 + 0.9 27.6 
 Meadow 2 5 32º 38' 40"S, 69º 50' 20"W 3200 1.12 2 + 0.2 14.9 
Plaza Argentina 
 Meadow 3 

 
10 

 
32º 38' 19"S, 69º 53' 53"W 

 
3795 

 
3 

 
3 + 0.3 

 
1.1 
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Field sampling  

In the three meadows paired quadrats (exclosures and unfenced quadrats) were 

randomly located within each meadow and treatments were randomly assigned. Due to 

differences in the size of the meadows, the first two meadows contained 5 paired 

quadrats each while there were 10 paired quadrats in the third meadow making a total of 

40 quadrats. Paired quadrats were established in late spring in early November 2010 at 

the beginning of the growing season but before visitors and pack animals entered the 

Park (Fig. 5.1). Paired quadrats were 3-5 m apart, and a minimum of 30 m apart from 

other paired quadrats (average 60 ± 34 m). Square exclosures 1 m2 wide and 0.6 m high 

with a top were constructed out of sima mesh fence (a 10 x 10 cm mesh). 

For each quadrat aspect, slope and altitude were recorded. Vegetation was measured 

during exclosure establishment at the beginning of the growing season, and 120 days 

later in March 2011 at the end of the growing season. We recorded vegetation height, 

litter, bare soil, species richness, composition and cover in the central 80 x 80 cm area 

of the quadrat leaving a 10 cm buffer. Maximum vegetation height was measured at 20 

evenly spaced points per quadrat. The cover of each species was assessed by recording 

the number of 100 evenly spaced points touched by each species. Multiple hits per point 

were possible where different species occurred at the same point. The number of points 

that touched litter underneath living vegetation was also recorded. These data were then 

used to calculate the cover of each species and growth forms (grasses, sedges, herbs, 

rushes). All species that were present in the 80 x 80 cm but not “hit” were given an 

arbitrary low cover value of 0.5% and added to the estimate of species richness for the 

quadrat. The same 100 points were used to assess absolute cover, but only one record 

was made per point: where the highest to touch the rod was vegetation, uncovered litter 

or bare soil. In March 2011 above ground biomass was measured by removing at 

ground level all vegetation and litter from a 25 cm x 25 cm area in the centre of each 

quadrat. These biomass samples were carried out of the Park, dried at 70°C in an oven 

for a minimum of 48 hours and then weighed.  

To obtain a measure of grazing intensity for each meadow, the dry weight of dung 

per m2 produced over the period of the experiment was assessed (Lange, 1969). This 

was done by removing all horse/mule dung in an area of 36 m2 in each meadow before 

commercial operators started using pack animals that season. Then, in March 2011 all 
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dung in the same areas was collected, carried out of the Park, dried in an oven for 72 

hours at 70°C and then weighed.  

We could not directly compare the effect of grazing intensity among quadrats due to 

the design of the experiment, with quadrats nested within meadows that differ in a range 

of features in addition to grazing intensity (Table 5.1). Although assessing the effects of 

grazing intensity would be useful, we were unable to undertake a parallel replicated, 

randomized experimental design by manipulating grazing intensity due to restrictions 

on tethering and fencing enclosures for pack animals within the Park (Dirección de 

Recursos Naturales, 2009) and the logistics of conducting such an experiment in a 

remote site where access involves several days hiking into the sites.  

Data analysis  

The effect of the removal of grazing over the 120 days growing season was analysed 

using a general linear mixed model procedure (SPSS Version 20.0). The dependent 

variables were: change in vegetation height and floristic composition during the 

growing season, biomass, species richness and the overlapping cover of litter, grasses, 

sedges and the two common species Deyeuxia eminens var. fulva and Carex aff. 

gayana, at the end of the growing season. Change in floristic composition was 

calculated using Sorensen’s index of similarity (Magurran, 1988) for presence/absence 

data between the start and end of the growing season with a value of 1 for the index 

indicating there was no difference in composition. Treatment (grazed/ungrazed 

quadrats), meadow and the interaction between meadow and treatment were used as 

fixed factors. Paired quadrats nested within meadows were used as the random factor. 

When appropriate, post hoc comparisons were conducted using Fisher’s Least 

Significant Difference (LSD) for multiple comparisons (p > 0.05). To determine if there 

were differences between the overlapping cover of growth forms and species between 

November and March, paired sample t-tests were performed for exclosure and for 

grazed quadrats. The normality of the data was assessed by using quantile-quantile plots 

of the residuals.  

To determine if there were differences in species composition between exclosure and 

grazed quadrats (treatment) and among meadows, ordinations were performed with 

treatment nested within meadows for the cover of species and growth forms (grasses, 

sedges, herbs, rushes, bryophyta) including litter and bare soil at the end of the season 
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using the multivariate statistical package Primer (Version 6.0). Dissimilarity matrices 

were calculated using the Bray-Curtis dissimilarity measures on untransformed data. An 

Analysis of Similarity (ANOSIM) was used to determine if there were significant 

differences in species composition between treatments and between meadows. The 

ANOSIM is a non-parametric permutation procedure applied to the rank dissimilarity 

matrix that is analogous to Analysis of Variance, except that it is distribution free. The 

ANOSIM test statistic, rho, is a measure of variation between samples compared to 

variation within samples for a suite of species using ranked differences among replicates 

(Clarke, 1993). It is scaled to lie between -1 and +l, with increasing values representing 

increasing differences among samples (Chapman and Underwood, 1999).  

5.4 Results 

At the start of the experiment in late spring the three meadows had high vegetation 

cover (99%) dominated by grasses (63%) and sedges (34%), with a few herbs (4%), 

rushes (9%) and bryophytes (0.1%). By the end of the growing season, vegetation 

height had increased by 12 cm in the exclosures (p < 0.01) and 1 cm in the grazed sites 

(p < 0.01) (Paired t-tests, Table 5.2). In the exclosures, the cover of herbs and sedges 

increased by 9 ± 4% (p = 0.01) and 14 ± 6% (p = 0.03), respectively. The cover of 

grasses increased by 5 ± 7% (p = 0.492). In grazed sites, herbs and sedges increased by 

5 ± 2% (p = 0.032) and 18 ± 6% (p = 0.005), respectively, while grasses cover 

decreased by 11 ± 3 % (p = 0.04).   

A total of 16 species, all native, were recorded across the 40 quadrats at the end of the 

growing season, including two grasses (Hordeum comosum and Pucinellia 

argentinensis) that were not visible in spring (Appendix 5.1). There were nine species 

recorded in quadrats in Meadow 1, six in Meadow 2 and ten in Meadow 3, with three 

species in all three meadows (Deyeuxia eminens var. fulva, Carex aff. gayana, 

Eleocharis pseudoalbibracteata). Bryophytes were found in all meadows (Appendix 

5.1). The sedge, Carex aff. gayana, was abundant in all meadows and the grass, 

Deyeuxia eminens var. fulva, was abundant in Meadows 1 and 2 (Appendix 5.1). 

Species richness was not affected by treatment, meadow or the interaction between 

treatment and meadow (Tables 5.2 and 5.3). On average, there were three species per 

quadrat in grazed and ungrazed treatments (Table 5.2).  
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There were significant differences in vegetation between the ungrazed and grazed 

meadows at the end of one growing season (Table 5.3). While above ground biomass, 

the overlapping cover of grasses, Deyeuxia eminens var. fulva and litter all differed 

between grazed and ungrazed quadrats, there were no significant differences between 

meadows and the interaction between treatment and meadow (Table 5.3). Excluding 

grazing resulted in 30% more biomass in the exclosures (Tables 5.2 and 5.3) and 9% 

more cover of grasses (Tables 5.3 and 5.4). The cover of the most common grass 

Deyeuxia eminens var. fulva was significantly greater in the exclosures (30%) than in 

the grazed quadrats (25%) (Tables 5.3 and 5.4, Appendix 5.1). Grazed quadrats also had 

significantly more litter (22%) than exclosures (8%) (Tables 5.3 and 5.4). 

The cover of herbs, sedges, Carex aff. gayana and the floristic similarity, however, 

was not affected by treatment, meadow and the interaction between treatment and 

meadow (Tables 5.3 and 5.4). The overall composition was not affected by grazing 

exclusion, as measured by the overlapping cover of growth forms (rho = 0.064 p = 

0.904) and species (rho = 0.091, p = 0.983). Plant composition did not differ among 

meadows based on the overlapping cover of growth forms (rho = 0.444, p = 0.067) or 

species (rho = 0.944, p = 0.067).  

The three meadows had different grazing intensity based on the dry weight of dung 

produced over the season (Table 5.1). Grazing pressure in Meadow 1 (28 g/m2) was 

46% greater than in Meadow 2, and 96% more than in Meadow 3. The change in 

vegetation height over the growing season was affected by treatment, but there were 

differences in the size of the effect among meadows (Table 5.3). There were significant 

differences in height between the exclosures and grazed quadrats for Meadows 1 and 2, 

but not for Meadow 3 (using post hoc tests) which is at higher altitude (Fig. 5.2). 

Overall, the difference in vegetation height was 11 cm between grazed and ungrazed 

quadrats (Table 5.2).  
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Table 5.2. Mean and standard errors of change in height (cm) between November 2010 and the following March 2011, above ground biomass 
(g/m2) , floristic similarity, and species richness per 0.8 m2 quadrat in March 2011 in exclosure and grazed quadrats in the three alpine meadows 
in Aconcagua Provincial Park. 
 Overall Casa de Piedra Plaza Argentina 

Meadow 3   Meadow 1 Meadow 2 
 Exclosure Grazed Exclosure Grazed Exclosure Grazed Exclosure Grazed 
Change in height   12.0 ± 2.6 1.4 ± 0.6 21.8 ± 8.8 1.8 ± 0.5 13.1 ± 2.6 1.0 ± 1.6 6.6 ± 1.2 2.5 ± 0.6 
Biomass  1245 ± 157 888 ± 137 1061 ± 358 778 ± 418 1313 ± 362 793 ± 328 1304 ± 211 990 ± 119 
Floristic similarity 0.84  ± 0.04 0.84 ± 0.05 0.73 ± 0.11 0.74 ± 0.13 0.96 ± 0.04 0.97 ± 0.04 0.82 ±  0.05 0.82 ± 0.04 
Species richness  2.8  ±  0.2 2.8 ± 0.3 3.4  ± 0.4 2.8 ± 0.5 2.0 ± 0.4 2.2 ± 0.6 2.9 ± 0.4 3.1 ± 0.4 

 
 

Table 5.3. General linear mixed model on the effects of treatment (exclosure vs grazed), meadow (Meadow 1, Meadow 2, Meadow 3), and the 
interaction between treatment and meadow for different vegetation parameters in alpine meadows in Aconcagua Provincial Park (df= 17). * Log 
transformed, ** Arcsine square root transformed. 
 Meadow Treatment Meadow*Treatment 
 F P F P F P 
Change in height* 1.977 0.154 35.2 <0.001 4.833 0.014 

Biomass* 1.035 0.377 13.388 0.002 1.391 0.276 
Floristic similarity 2.628 0.101 0.010 0.920 0.006 0.994 
Overlapping cover       
Grasses** 1.061 0.368 10.033 0.006 1.697 0.213 
Sedges** 0.316 0.733 1.722 0.207 0.778 0.475 
Herbs** 2.943 0.080 2.134 0.162 0.710 0.506 
Deyeuxia eminens var. fulva** 3.289 0.062 10.229 0.005 0.830 0.453 
Carex aff. gayana** 1.327 0.291 0.477 0.499 0.550 0.584 
Litter** 2.448 0.116 6.926 0.017 1.758 0.202 
Species richness 2.093 0.154 0.038 0.847 0.573 0.574 
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Table 5.4. Mean and standard errors of the overlapping cover of growth forms (grasses, sedges, rushes, herbs, mosses) and litter under vegetation 
and bare soil in March 2011 in exclosure and grazed quadrats in the three alpine meadows in Aconcagua Provincial Park. Cover = overlapping 
cover, q. = number of quadrats, T.q. = total quadrats. 
 

Cover 

     
Casa de Piedra Plaza Argentina 

Overall  
 

Meadow 1  Meadow 2 Meadow 3 
n = 20 

 
n = 5 n = 5   n = 10 

Exclosure Grazed 
 

Exclosure Grazed Exclosure Grazed Exclosure Grazed 
q. Mean ± S.E q. Mean ± S.E T.q. q. Mean ± S.E q. Mean ± S.E q. Mean ± S.E q. Mean ± S.E q. Mean ± S.E q. Mean ± S.E 

Grasses 19 64.6 ± 8.1 19 56.0 ± 9.0 38 4 57.6  ± 21.3 4 39.1 ± 23.0 5 86.4 ± 11.0 5 72.9 ± 17.6 10 57.3 ± 10.6 10 55.9 ± 11 
Sedges 13 52.2 ± 11.9 14 47.4 ± 10.0 27 4 70.2  ± 30.8 4 60.0  ± 21.1 3 32.6 ± 18.4 3 30.4 ± 19.6 6 54.5 ± 16.5 7 49.6 ± 14.5 
Rushes 3 9.8 ± 6.7 5 10.4 ± 6.7 8 1 19.8  ± 19.8 1 19.4  ± 19.4 

    
2 9.7 ± 9.6 4 11 ± 9.8 

Herbs 13 16.2 ± 6.7 16 7.2 ± 2.6 29 3 36.2  ± 16.4 4 15.2  ± 9.0 
    

10 14.3 ± 9.6 12 6.7 ± 2.2 
Moss 4 0.1 ± 0.1 1 0.3 ± 0.3 5 1 0.1 ± 0.1 

  
1 0.2 ± 0.2 1 1.2 ± 1.2 2 0.1 ± 0.1 

  Litter 9 7.9 ± 3.7 13 22.4 ± 6.6 22 
  

2 1.0  ± 0 3 6.7 ± 2.6 4 14 ± 7.7 6 8.5 ± 4.5 7 33.3 ± 9.8 
Bare soil 2 0.05 ± 0.05 5 0.22 ± 0.09 7 

  
2 0.4  ± 0.2 1 0.2 ± 0.2 2 0.6 ± 0.4 

  
1 0.3 ± 0.3 
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5.5 Discussion 

Excluding grazing over one growing season resulted in changes in vegetation 

including increases in above ground biomass, vegetation height, cover of grasses and 

reductions in litter for the three meadows. Overall, vegetation height and above ground 

biomass were very sensitive to the removal of grazing in Aconcagua meadows, with 

30% more biomass and vegetation height two-fold taller over just one growing season. 

This is likely to reflect the high productivity of these meadows with moist deep soils of 

high vegetation cover and the concentrated nature of grazing during the peak period of 

vegetation growth.  

Results found in Aconcagua are consistent with previous research in Andean 

meadows in Bolivia that found that vegetation responds rapidly to the removal of 

grazing with increases in above ground biomass, plant height and palatable species after 

two years of exclusion (Alzérreca et al., 2001, 2006). In contrast to our results, two 

other studies in similar vegetation in the Andes found no changes in above ground 

biomass in the short term (3-6 years). For Andean meadows in Cosapa Bolivia where 

grazing was by sheep and camelids, the lack of any effect on biomass from removing 

grazing was attributed to the dry conditions, low productivity and long grazing history 

(7,000 years) by camelids in these meadows (Buttolph and Coppock, 2004). In Central 

Chile, the lack of vegetation differences with the cessation of grazing by camelids was 

attributed to the low intensity of grazing by these herbivores in the Andean meadows 

(Squeo et al., 2006b).  

Among the three Aconcagua alpine meadows, there were no differences in 

vegetation height, biomass, floristic similarity, the overlapping cover of grasses, sedges, 

herbs, litter, species richness or the cover of the two dominant species, Deyeuxia 

eminens var. fulva and Carex aff. gayana, despite differences in slope, altitude and 

meadow size. There were also no differences in the size of the effect of grazing for all 

of these variables, apart from height, despite differences in grazing pressure among the 

meadows. The increase in vegetation height with the removal of grazing was greatest in 

one of the lower altitude meadows (3251 m a.s.l.). This meadow was subject to higher 

grazing pressure which could subsequently have a greater effect, however, the 

difference could also be due to differences in site characteristics among the meadows 

including altitude.  
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Grazing by pack animals in Aconcagua reduced the cover of tussock grasses 

including Deyeuxia eminens var. fulva but not sedges and herbs. Reductions in tussock 

grasses from grazing and neutral responses for sedges and herbs are consistent with 

other studies (Alzérreca et al., 2006; Niu et al., 2010). Although sedges in Aconcagua 

include palatable species such as Carex aff. gayana, they are able to tolerate grazing due 

to their rhizomatous architecture (Díaz et al., 2007). In contrast to other studies, that 

have found less litter in grazed sites because of defoliation (Jutila, 1999; Wu et al., 

2010), there was more litter with grazing in Aconcagua. This could be due to damage 

from trampling by the hard hooved animals which may result in a temporary increase in 

litter (Facelli, 1991; Sun and Liddle, 1993).  

In situations with heavy use of pack animals trail incision could occur altering water 

drainage and causing soil erosion (Raffaele, 1999), with changes in composition to a 

new “disturbance” flora. In Aconcagua, Andean meadows regularly trampled and 

grazed in the low alpine zone have been colonized by weeds (e.g. Taraxacum officinale) 

and natives (e.g. Acaena magellanica) adapted to drier conditions (Mendez et al., 2006; 

Barros et al., 2013).  

As expected, given the short duration of the study, we did not find changes in plant 

composition, species richness and floristic similarity with the removal of grazing. Most 

of the plants in Aconcagua are long-lived perennials, so there is likely to be a time lag 

between removing grazing and changes in the populations of some of these species 

(Colling et al., 2002). Numerous studies have found changes in composition after the 

removal of grazing, but only after several years of exclusion (Cole et al., 2004; 

Villalobos and Zalba, 2010).  

The changes found in this study after the removal of grazing are likely to benefit 

native fauna that utilize the meadows. Taller vegetation may increase the habitat quality 

for some ground nesting birds by decreasing the exposure of nests to predators and the 

risk of nests being trampled by pack animals as found in other regions (Zalba and 

Cozzani, 2004; Roodbergen et al., 2012). The increase in above ground biomass and 

grass cover can increase food availability for guanacos. Previous studies in the dry 

Andes found that guanaco and livestock diets overlap as both prefer to graze on 

meadows including perennial grasses such as Deyeuxia spp. (Puig et al., 2001; 2011). 

Despite guanacos being rarely present in the studied meadows and campsites, they can 

become more habituated to humans if there is no poaching (Malo et al., 2011). 
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Enhancing meadow habitat by reducing grazing by pack animals may promote a larger 

spatial distribution of guanacos (Dirección de Recursos Naturales, 2009).  

The results from this study could assist park managers in regulating grazing activities 

in alpine meadows. This includes establishing minimum acceptable levels of change in 

productivity and/or vegetation structure (e.g. 10%) as suggested for mountain meadows 

with recreational pack animals in North America (Spildie et al., 2000; Cole et al., 2004). 

To meet their conservation criteria, monitoring programs and management strategies 

including deferred grazing, rotating grazing areas between years, use of weed-free 

fodder for livestock or establishing limits on the number and animal nights per meadow 

could be implemented (Moore et al., 2000).  

This study was able to assess the short term effects of excluding grazing by large 

animals under current grazing conditions. To evaluate structural and functional changes 

on vegetation however, long term controlled grazing trials are necessary. Factors such 

as years of exclusion from grazing combined with grazing intensity, type of grazers and 

climate variability can shape the response of vegetation (Milchunas and Lauenroth, 

1993; Erschbamer et al., 2003). Also, changes found in this study including height and 

biomass could be homogenized over winter because of compensatory mechanisms 

(Briske et al., 2003). Plant production however, may be more limited under chronic 

grazing as they are not able to allocate more resources to carbon and nutrients (Turner et 

al., 1993).  

Despite the logistical and resource difficulty in undertaking this type of research in 

the Andes, it is important to continue this work and include longer term monitoring. 

Although the Andes accounts for 13% of all mountains worldwide (Körner et al., 2011), 

there are few studies on the alpine flora including grazing for this region compared to 

Northern Hemisphere mountain areas (Körner, 2009). Therefore, assumptions about 

ecological processes including impacts of grazing based on literature from the Northern 

Hemisphere may not accurately reflect what happens in the Andes or other Southern 

Hemisphere mountains. It is important to determine if livestock, recreational use and 

other types of human activity in the high Andes have similar impacts to those found 

elsewhere, or if ecological ecosystem differences mean that lessons learnt elsewhere 

may not apply.  
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5.6 Conclusions  

This study shows that excluding grazing on meadows in Aconcagua Park, even for a 

single growing season, results in increases in vegetation height, above ground biomass 

and cover of some species which is likely to improve the habitat quality of the meadows 

for native wildlife. Given the increasing numbers of pack animals in mountain protected 

areas in the dry Andes and their preference for foraging on meadows, their use for 

grazing should be monitored to promote the conservation of these plant communities.  

For Aconcagua, management alternatives to minimize impacts on meadows and 

ensure their sustainability include: i) reducing at least by two thirds the current number 

of mules grazing in meadows to avoid reduced productivity of the meadows; ii) 

implement rotational grazing of meadows so to reduce grazing intensity; iii) restrict 

grazing and trampling of meadows during peak periods of vegetation growth (January, 

February); iv) require the use of weed-free fodder for pack animals. Vegetation 

monitoring to assess the effectiveness of management actions should include key 

parameters such as vegetation height and productivity, as they are sensitive indicators of 

grazing disturbance as seen in this study.  
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Appendix 5.1. Mean and standard errors of the overlapping cover of species in paired exclosure and grazed quadrats in March 2011 in the three 
alpine meadows in Aconcagua Provincial Park. T. = total, q. = number of quadrats. 
 

Overlapping cover 

Casa de Piedra Plaza Argentina 
Meadow 3 Meadow 1 Meadow 2 

Exclosure Grazed Exclosure Grazed Exclosure Grazed  
q. Mean ± S.E q. Mean ± S.E q. Mean ± S.E q. Mean ± S.E q. Mean ± S.E q. Mean ± S.E T. q. 

Deyeuxia eminens var. fulva 3 42.8 ± 23.5 2 38.2 ± 23.4 4 58.8 ± 23.5 4 53.3 ± 22.4 3 8.5 ± 4.6 3 4.0 ± 2.5 19 
Deyeuxia crysostachya     1 19.6 ± 19.6 1 18.5 ± 18.5 5 41.3 ± 15.1 5 38.9 ± 14.1 12 
Deyeuxia velutina         1 4.3 ± 4.3 1 7.3 ± 7.3 2 
Festuca dissitiflora         1 3.3 ± 3.3 1 5.7 ± 5.7 2 
Hordeum comosum     1 8.0 ± 8.0 1 1.20 ± 1.20     2 
Puccinellia argentinensis 1 14.8 ± 14.8 1 0.8 ± 0.8         2 
Carex aff. gayana 4 43.2 ± 15.6 4 40.2 ± 18.2 3 32.6 ± 18.4 3 23.6 ± 19.3 6 46.2 ± 13.6 7 49.6 ± 14.5 27 
Eleocharis pseudoalbibracteata 3 27.0 ± 18.8 1 19.8 ± 19.8   1 6.8 ± 6.8 1 8.3 ± 8.3   6 
Oxychloe bisexualis         2 9.7 ± 9.6 4 11.0 ± 9.8 6 
Patosia clandestina 1 19.8 ± 19.8 1 19.4 ± 19.4         2 
Werneria pygmaea         3 11.4 ± 9.8 3 2.2 ± 1.8 6 
Gentiana próstata         5 2.9 ± 1.5 7 4.5 ± 1.8 12 
Cardamine glacialis 2 17.6 ± 11.5 2 5.4 ± 4.3         4 
Hypsela reniformis 1 13.6 ± 13.6 2 4.8 ± 4.5         3 
Mimulus luteus 1 5.0 ± 5.0 1 5.0 ± 5.0         2 
Bryophyta 1 0.1 ± 0.1   1 0.2 ± 0.2 1 1.2 ± 1.2 2 0.1 ± 0.07   5 
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CHAPTER 6 

WEED INVASION IN RELATION TO VISITOR USE  

The previous chapter examined the effects of excluding grazing by pack animals on 

alpine meadows over one growing season. The study showed that vegetation responded 

rapidly to the removal of grazing, with increases in vegetation height, above ground 

biomass and the cover of grasses. These results indicate that short term exclusion of 

grazing by pack animals can potentially increase habitat quality for native wildlife, 

including for native camelids and ground nesting birds.  

This chapter will assess a common indirect impact of visitor use including from pack 

animals: the introduction and spread of weeds. Specifically it will examine the 

distribution and diversity of weeds across the Park and their association with visitor use. 

This chapter has been published by the Journal Mountain Research and Development 

and hence has been formatted to that Journal style. The co-author of the manuscript is 

my principal supervisor Catherine Pickering. The citation is as follows: “Barros, A., 

Pickering, CM. 2014. Nonnative plant invasion in relation to tourism use of Aconcagua 

Provincial Park, Argentina, the highest protected area in the Southern Hemisphere. 

Mountain Research and Development 34, 13-26.” The published version of this chapter 

can be found at: <http://www.bioone.org/toc/mred/34/1> 
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6.1 Abstract  

Although mountain regions are thought to be at lower risk of plant invasions, the 

diversity and cover of weeds is increasing in many alpine ecosystems, including the 

Andes. We reviewed vegetation surveys in Aconcagua Provincial Park in the dry Andes 

of Argentina to determine which weeds occur in the Park and if their distribution is 

associated with visitor use. This high altitude Park is a popular destination for hikers 

with nearly all access by foot and pack animals (mules and horses) which are used for 

transport. Weed diversity was low (21 species in the region, 16 in the Park) compared to 

other mountain regions in South America and other continents. The weeds that were 

found included common mountain environmental weeds native to Europe, most of 

which have been reported as being dispersed either on clothing and/or pack animals 

dung or fur. Nearly all the weeds were restricted to lower altitudes, with no weeds found 

above 3420 m a.s.l. Most weeds were restricted to sites disturbed by visitor use, 

particularly areas trampled by hikers and pack animals, except for two common weeds 

Taraxacum officinale and Convolvulus arvensis which were also found in undisturbed 

vegetation. The relatively low cover and diversity of weeds at higher altitude sites may 

reflect climatic barriers, less human disturbance and/or a lag in the dispersal of weeds 

from lower altitudes within the Park. This study highlights that even protected areas 

with limited prior human use and nearly no road access can still be invaded by common 

mountain weeds, due to their popularity as mountaineer destinations. Management 

actions that could help minimize further spread of weeds include limiting the 

introduction of weed seed on vehicles, clothing, equipment and in dung, reducing 

trampling damage by restricting use to designated trails and restoring damaged sites.  

6.2 Introduction 

Weeds are often considered to be any plants growing where they are not wanted and can 

have economic and environmental impacts (Richardson et al. 2000). This includes 

environmental weeds, which are alien (non-native) species that can invade natural 

ecosystems (Randall 1997). Environmental weeds are a major threat to biodiversity 

conservation including in many mountain ecosystems (McDougall et al. 2011). They 

can out-compete native plants as well as alter fire regimes, hydrological cycles and soil 

conditions (Weber 2003). Impacts from weed invasions in mountain regions include 

affecting vegetation types and composition, altering treelines, changing habitat quality 
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for animals and competing with native species for pollinators (Pauchard et al. 2009). 

These impacts are of particular concern as mountain regions have high levels of 

endemism and provide important ecosystem services to lowland regions (Körner 2004; 

Kollmair et al. 2005). They are also relatively remote and of lower population compared 

to lowland areas (Kollmair et al. 2005). Reflecting their high conservation value and 

relatively remoteness, 15% of mountain regions globally are conserved within protected 

areas (Chape et al. 2005), with the proportion of protected areas in mountains greater 

than non-mountainous areas (Kollmair et al. 2005). 

Although mountain regions were thought to be at a lower risk of plant invasions, the 

diversity and cover of weeds is increasing in many mountain protected areas (Johnston 

and Pickering 2001; Pauchard and Alaback 2004; Pauchard et al. 2009; McDougall et 

al. 2010; Seipel et al. 2011). These increases in weed diversity and cover are often 

associated with increased human use of these regions including for tourism and 

recreation activities (Pauchard et al. 2009; McDougall et al. 2010). People intentionally 

and unintentionally introduce weed seeds into mountain parks (Mount and Pickering 

2009; McDougall et al. 2010; Pickering et al. 2011). Intentional introductions include 

the use of non-native species with weedy tendencies in gardens, during rehabilitation of 

disturbed sites and on ski slopes in resorts (Johnston and Pickering 2001; McDougal et 

al. 2005). Unintentional introductions of weed seeds can occur via seed carried on 

vehicles and other machinery, introduced materials such as soil, hay and mulch used in 

Parks, on clothing and on the fur and in the dung of pack animals (Campbell and 

Gibson, 2001; Lee and Chown 2009; Loydi and Zalba 2009; Mount and Pickering 2009; 

Pickering and Mount 2010; Pickering et al. 2011; Magro and Andrade 2012).  

Human use can also disturb natural ecosystems in mountain protected areas in ways 

that favour weeds (Pauchard et al. 2009). Weeds generally benefit from anthropogenic 

disturbance, so where native vegetation is damaged, weeds often flourish (Weber 2003; 

Pauchard et al. 2009). This includes disturbance during the construction and 

maintenance of visitor infrastructure such as tracks, roads, ski slopes and campsites 

(Johnston and Pickering 2001). Disturbance from common visitor activities including 

damage from trampling by hikers and pack animals, mountain bike riding and four 

wheel driving can also reduce native vegetation cover, potentially benefiting weeds 

(Pickering et al. 2010). Nutrient addition from the deliberate use of fertilizers, promotes 

the growth of introduced species in gardens, ski slopes and rehabilitation sites (Johnston 
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and Pickering 2001). Pack animal manure also facilitates the invasion of weeds by 

creating microhabitats for their establishment (Loydi and Zalba 2009).  

There is increasing interest in assessing the diversity and distribution of weeds in 

mountain protected areas and in minimising their impacts (Pauchard et al. 2009; 

McDougall et al. 2010, 2011). Much of this literature is from mountains in Europe 

(Alexander et al. 2009; McDougall et al. 2010), Asia (McDougall et al. 2010), North 

America (Tyser and Worley 1992; Parks et al. 2005; Rew et al. 2005; McDougall et al. 

2010), Australia (Johnston and Pickering 2001; McDougall et al. 2005; Pickering and 

Hill 2007; Mallen-Cooper and Pickering 2008; McDougall et al. 2010), New Zealand 

(Jesson et al. 2002; McDougall et al. 2010), with few studies from the Andes in South 

America (Morales and Aizen 2002; Pauchard and Alaback 2004; Jiménez et al. 2008; 

McDougall et al. 2010) including the dry Andes (Gónzalez and Gianioli 2004; Cavieres 

et al. 2005, 2007; Badano et al. 2007). This is despite the Andes accounting for 13% of 

all alpine areas in the world (Körner et al. 2011) and containing a great diversity of 

ecosystems with high biodiversity and endemism (Braun et al. 2002). 

The highest protected area in the Andes and hence in the Southern Hemisphere is 

Aconcagua Provincial Park around Mt. Aconcagua (6962 m a.s.l). The area received 

limited human use prior to being declared a Park in 1983, but in the last two decades it 

has experienced an exponential increase in visitor use, particularly from hikers and 

mountaineers (Barros et al. 2013). This is likely to have facilitated the introduction and 

spread of weeds. It is therefore important to assess the current status of weeds in the 

Park including their association with visitor infrastructure and activities. Using data 

from vegetation surveys within the Park, we determined: (1) which weeds occur in the 

Park; (2) where they occur; and (3) how weed cover and composition varies with 

altitude and disturbance associated with visitor use and infrastructure. 

6.3 Methods 

Study site 

Aconcagua Provincial Park is a Category II IUCN protected area in the Central 

Andes (69º56’ West, 32º39’ South) that protects 71,000 hectares of glaciers, watersheds 

and alpine ecosystems around Mt. Aconcagua. Temperatures are low all year with 

winter averages of 0°C and summer averages of 11°C at 2900 m a.s.l (Departamento 

General de Irrigacion 2011). Above 2700 m a.s.l., there is snow cover for over four 
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months a year, with an annual average snow water equivalent for the last 10 years of 

100 mm (Departamento General de Irrigacion 2011). Summers are generally very dry 

with only occasional snow storms above 4000 m a.s.l.  

Prior to designation as a Park in 1983, human use of the area was limited to transient 

use by indigenous communities for ceremonies (Barcena 1998), military training in the 

mid-1900s and few climbing expeditions (Quiroga 1996). Over the last two decades 

visitor use has gone from around 1000 hikers and 600 pack animals in 1990 to around 

6000 hikers and 5600 pack animals (Dirección de Recursos Naturales 2011). Based on 

the ~11,000 pack animals that stay overnight and graze during the summer visitor 

season, it is estimated that 228 tons of manure (22 kg manure/ horse day, Tao et al. 

2008) is left in the low and intermediate alpine zones. To access the highest and most 

remote campsites, hikers traverse around 40 km of trails in the alpine zone and 10 km in 

the nival zone when using the Horcones and/or Vacas Valley routes (Direccion de 

Recursos Naturales 2009). In addition to use by hikers and mountaineers, the first four 

kilometres of the Horcones Valley, which is close to the international highway 

connecting Argentina and Chile, is used by over 27,000 day visitors between November 

and March. In this high use area there are a network of numerous unhardened trails 

created by visitors and pack animals (Barros et al. 2013).  

More than 100 native plant species are found in the Aconcagua region (Mendez et al. 

2006). Within the Park, vegetation is limited to the alpine zone which consists of three 

zones: low alpine (2400-3200 m a.s.l), intermediate alpine (3200-3800 m a.s.l) and high 

alpine (3800-4400 m a.s.l) (Mendez et al. 2006). The two main vegetation types are 

steppe vegetation (29.5% of the Park) and alpine meadows (0.4%). Steppe vegetation 

occurs on thin mineral soils and rocky slopes and is mainly characterized by sparse 

shrubs, grasses and perennial herbs, while alpine meadows have a high vegetation cover 

of graminoids and herbs and occur on deeper and wet soils along rivers, springs or areas 

with sub-surface water (Barros et al. 2013).  

Data on weeds in the Park 

Weeds were considered to be all non-native species in the Park known to have 

negative environmental impacts when invading mountain regions outside their natural 

range. A complete list of weeds was obtained for the Aconcagua region from a range of 

sources (Table 6.1). This included data from a vegetation survey conducted between 
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1983 and 1993 of 253 plots in the broader Aconcagua region which included the Park, 

an adjacent ski resort and the international highway connecting Chile and Argentina 

(Mendez et al. 2006, Figure 6.1). More recent Park specific data were obtained from 

vegetation surveys of 233 sites in the two main access valleys of the Park conducted 

from 2001 to 2011 by one of the authors (Agustina Barros). For each site the following 

data were recorded: presence/absence and cover of any weeds, spatial coordinates, 

vegetation type, altitude, and type of anthropogenic disturbance (Table 6.1). Incidental 

observations of additional weed species during field work in the Park by one of the 

authors (Agustina Barros) were also included (Table 6.1). 

For each species of weed identified in one or more of these sources additional 

information was collected from standard weed databases including: family, growth form 

and life form (Weber 2003, Randall 2007, 2012). Broader data on the weed status of 

each species were also obtained including: 1) if the species is considered a weed using 

data from a comprehensive database of over 28,000 species of weeds from over 1000 

sources (Randall 2007, 2012), 2); if the species is considered a global environmental 

weed based on a list of 400 species of major invasive plant species internationally 

(Weber 2003); and 3) if the species is considered a weed in other mountain regions 

including in Australia, the USA and South and Central Chile in South America 

(McDougall et al. 2005; Bear et al. 2006; Seipel et al. 2011). Data on the potential for 

the seed of each species to be unintentionally dispersed including on clothing, vehicles 

or in pack animal dung or fur was obtained from the Pickering and Mount (2010) 

database that was updated in 2013 (Ansong and Pickering in press). The distribution of 

each weed species from the Park surveys in the 233 sites was recorded through a GPS 

unit and mapped using ArcGIS program (version 9.3). The maximum distance and 

altitude from the road head of weed species were calculated using the Spatial Analyst 

tool in ArcGIS.  
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Figure 6.1. Location of the sites surveyed across the two main access valleys (Horcones and Vacas) to the summit of Mt. Aconcagua in 
Aconcagua Provincial Park, Mendoza, Argentina. Sites with exotic taxa and those with only native species are marked.  
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Table 6.1. Details of vegetation surveys and incidental observations used to identify weeds in 
the Aconcagua region. 

 

To determine how weed cover and composition varied with visitor use, undisturbed sites 

and sites disturbed by visitors were compared. This included One-Way ANOVAs and non-

parametric Kruskal Wallis tests comparing the difference between weed species richness and 

cover in steppe and alpine meadows in the intensively used area of the Park, and the cover of 

weeds along the main track in the Horcones Valley. We also compared weed count data in 

steppe and alpine meadows in the intensively used area using chi-square tests, and weed 

cover and frequency for all sites using descriptive statistics.  

6.4 Results 

A total of 21 species of weeds occur in the Aconcagua region, of which 16 were recorded 

within the Park by one of the authors (Tables 6.1 and 6.2). All are native to Europe with three 

graminoids and 17 herbs. Only one species of shrub was recorded, the saltceder, Tamarix 

ramosissima. Most of the species were perennial (12), with only six annual and/or biennial 

Date 

surveyed Source Survey location 

Sampling 

unit 

1983 -
1993 

Mendez et al. 2006. La vegetación del Parque 
Provincial Aconcagua (Altos Andes Centrales 
de Mendoza, Argentina). Boletín de la 
Sociedad Argentina de Botánica 41: 41-69. 

1. Steppe and alpine meadows 
2. Low to high alpine belt 
3. Natural and disturbed vegetation in 

the Park, adjacent valley, ski resort 

253 plots (10 
x 10 m, 5 x 5 
m, 1 x 1 m) 

2001-
2002 

Barros et al. 2013. Impacts of informal trails 
on vegetation and soils in the highest protected 
area in the Southern Hemisphere. Journal of 
Environmental Management 127: 50-60. 

1. Steppe and alpine meadows 
2. Low and intermediate alpine belt  
3. Trail and adjacent natural vegetation 

60 x 15 m 
transects 
60 x 1 m plots 

2010-
2011 

Barros et al.. 2013.  Short- term effects of 
pack animals grazing exclusion from Andean 
alpine meadows. In Review. 

1. Alpine meadows 
2. Intermediate alpine belt  
3. Disturbed vegetation 

40 x 1 m plots 

2011-
2012 

Barros and Pickering 2012. Informal trails 
fragment the landscape in a high conservation 
area in the Andes. 6th International Conference 
on Monitoring and Management of Visitors in 
Recreational and Protected Areas, Stockholm, 
Sweden, August 21-24. pp 360-361. 

1. Steppe and alpine meadows 
2. Low alpine belt  
3. Natural and disturbed vegetation 

102 x 20 m 
plots 

2010-
2011 

Barros et al.. 2013. Vegetation along road 
verges in Aconcagua Provincial Park. 
Unpublished data. Available from the authors 
of this paper. 

1. Steppe and alpine meadows 
2. Low alpine belt 
3. Road verge 

12 x 20 m 
plots 

2010-
2011 

Barros et al.. 2013. Weeds along an altitudinal 
gradient in alpine meadows. Unpublished data. 
Available from the authors of this paper. 

1. Alpine meadows  
2. Low alpine and intermediate alpine 

belt 
3. Natural and disturbed vegetation 

19 x 20 m 
plots 

2006-
2011 

Barros 2011. Incidental observations of weed 
species in Aconcagua Provincial Park. 
Available from the authors of this paper. 

1. Steppe and alpine meadows 
2. Low to high alpine belt 
3. Natural and disturbed vegetation 
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species (Table 6.2). All are considered weeds somewhere in the world, and eight are 

international invasive environmental weeds (Table 6.3). At least 14 are recorded as weeds in 

other mountain regions, with 12 also found in the Australian Alps, 10 in the Blue Mountains 

of Oregon (USA), seven in the Rocky Mountains (USA), nine in South Chile and seven in 

Central Chile in the Andes. Seeds of many of the species may have been unintentionally 

introduced into the Park on vehicles, clothing or in the dung of pack animals and then may 

have dispersed further into the Park on clothing and in the dung and fur of pack animals 

(Table 6.3). Most of the species recorded in the Park have been found to be dispersed by 

these mechanisms, including the five most common weeds: Convolvulus arvensis, 

Taraxacum officinale, Trifolium repens, Plantago lanceolata and Salsola kali (Table 6.3).  

Weeds were restricted to lower altitude disturbed sites (2400-3420 m a.s.l) in the Park 

(Table 6.4, Figure 6.1). In the two main valleys used by visitors to access high altitude 

campsites and the summit of Mt. Aconcagua, weeds have spread at least 16 km reaching an 

altitude of 2961 m a.s.l in the Vacas Valley, and 9 km reaching an altitude of 3420 m a.s.l in 

the Horcones Valley (Figure 6.1). Visitor disturbance favoured weeds in the Park, with weeds 

being recorded more frequently in disturbed vegetation (52%) than natural vegetation (38%) 

(Table 6.4, Figure 6.1). Total weed cover was also greater in disturbed sites compared to 

natural vegetation (12% disturbed vs. 9% natural) (Table 6.3). The total number of weed 

species recorded in disturbed sites (12 species) was greater than in natural vegetation (two 

species, the environmental weeds Convolvulus arvensis and Taraxacum officinale) (Table 

6.4). Along the verge of the short concrete entrance road into the Park (Figure 6.1) weeds 

were found in all 12 of the 20 m2 plots surveyed, consisting of C. arvensis (10 plots, 12% 

cover), Salsola kali (9 plots, 17% cover) and T. officinale (1 plot, 1.8% cover) (Appendix 

6.1).  
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Table 6.2. Weeds recorded in one or more vegetation surveys of Aconcagua Provincial Park and adjacent areas. GF = growth form. G = 
graminoid. H = herb. S = shrub. LF = life form. A = annual. P = perennial. B = biennial. Inc. obs = incidental observations. N Af = North Africa. 
NA = North America. SA = South America.,W Asia = Western Asia. Temp Asia = Temperate Asia.   

Weeds Family GF LF Origin Mendez et 
al. 2006 

233 
surveys 

Inc. 
obs. 

Achillea millefolium Astaraceae H P Europe   1 
Cirsium vulgare Asteraceae H A/B Europe  1  
Convolvulus arvensis Convolvulaceae H P Europe, Asia 1 1  
Lactuca serriola Asteraceae H A/B Europe, Asia, N Af 1   
Matricaria chamomilla Asteraceae H A Europe, Asia  1  
Medicago lupulina Fabaceae H A/P Europe, Asia, N Af  1  
Medicago sativa Fabaceae H A/P Mediterranean, Asia 1 1  
Plantago lanceolata Plantaginaceae H P Europe, N Af, Asia  1  
Poa annua Poaceae G A Europe 1   
Poa compressa Poaceae G P Europe  1  
Poa pratensis Poaceae G P Europe, N Af, Asia, NA  1  1 
Rumex acetosella Polygonaceae H P Europe, N Af, Temp Asia   1 
Rumex pulcher Polygonaceae H P Eurasia and N Af 1   
Rumex crispus Polygonaceae H P Europe, N Af, Asia 1   
Salsola kali Amaranthaceae H A Eurasia   1 1 1 
Sisymbrium orientale Brassicaceae H A/B W Asia, Mediterranean 1 1 1 
Tamarix ramosissima Tamaricaceae S P Europe, Asia   1 
Taraxacum officinale Asteraceae H P Europe 1 1  
Trifolium repens Fabaceae H P Europe, N Af, Temp Asia 1 1  
Urtica dioica var. mollis Urticaceae H P Europe, Asia, N Af, NA 1   
Veronica anagallis-

aquatica 

Scrophulariaceae H B/P Europe, Asia, Africa, SA 1 1  
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Table 6.3. Status as a weed in different locations and potential unintentional human mediated seed dispersal for each of the weed species 
recorded in one or more vegetation surveys of Aconcagua Provincial Park and adjacent areas. See methods for details regarding the sources of 
information. Env. = environmental. AA = Australian Alps. Mont. = Montana. Or. = Oregon. PA = pack animals. 

 International Mountain weed in Seed dispersed by 

Weeds 
Weed Env. 

weed 
AA Mont. Or. South 

Chile 
Central 
Chile 

Clothing Vehicles PA 

Achillea millefolium Yes  Yes   Yes  Yes Yes Yes 
Cirsium vulgare Yes Yes Yes  Yes Yes   Yes  
Convolvulus arvensis Yes    Yes Yes Yes Yes  Yes 
Lactuca serriola Yes  Yes Yes Yes Yes Yes  Yes  
Matricaria chamomilla Yes      Yes    
Medicago lupulina Yes  Yes Yes Yes   Yes Yes Yes 
Medicago sativa Yes       Yes Yes  
Plantago lanceolata Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Poa annua Yes  Yes     Yes Yes Yes 
Poa compressa Yes  Yes Yes Yes    Yes Yes 
Poa pratensis Yes Yes Yes Yes Yes Yes  Yes Yes Yes 
Rumex acetosella Yes Yes Yes  Yes Yes Yes Yes Yes Yes 
Rumex pulcher Yes          
Rumex crispus Yes Yes Yes     Yes Yes Yes 
Salsola kali Yes Yes       Yes Yes 
Sisymbrium orientale Yes        Yes  
Tamarix ramosissima Yes Yes         
Taraxacum officinale Yes  Yes Yes Yes Yes Yes Yes Yes Yes 
Trifolium repens Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Urtica dioica var. 
mollis Yes       Yes Yes Yes 
Veronica anagallis-

aquatica Yes        Yes Yes 
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Table 6.4. Average cover (± SE), frequency (% sites), maximum altitude (Max. alt.) and maximum distance to road head (Max. dist.) for each of 
12 weed species recorded across 233 sites (183 in disturbed vegetation and 50 in natural vegetation) surveyed in Aconcagua Provincial Park. 

  Total Disturbed Natural Max. alt. Max. 
dist. 

  Cover Freq. Cover Freq. Cover Freq. (m) (km)  
All weeds 11.3 ± 1.1 48.9 11.9 ± 1.2 51.9 9.1 ± 2.3 34.5 3420 15.6 
Cirsium vulgare 0.006 ± 0.005 0.4 0.01 ± 0.01 0.5   2457 4.3 
Convolvulus arvensis 8.3 ± 1.0 36.9 8.1 ± 1.1 37.2 9.0 ± 2.4 32.7 3420 9.3 
Matricaria chamomilla 0.004 ± 0.004 0.4 0.01 ± 0.01 0.5   2569 7.7 
Medicago lupulina 0.01 ± 0.01 0.9 0.02 ± 0.02 1.1   2484 4.5 
Medicago sativa 0.002 ± 0.002 0.4 0.003 ± 0.003 0.5   2484 4.5 
Plantago lanceolata 0.07 ± 0.03 2.6 0.08 ± 0.04 3.3   2985 4.8 
Poa compressa 0.1 ± 0.1 1.3 0.2 ± 0.1 1.6   2995 1.6 
Salsola kali 0.9 ± 0.4 6.4 1.2 ± 0.5 8.2   3050 1.2 
Sisymbrium orientale 0.02 ± 0.02 0.4 0.02 ± 0.02 0.5   3010 3.7 
Taraxacum officinale 1.2 ± 0.3 9.4 1.5 ± 0.4 11.5 0.1 ± 0.1 1.8 2995 7.7 
Trifolium repens 0.4± 0.2 3.4 0.6 ± 0.2 4.4   2961 15.6 
Veronica anagallis-

aquatica 

0.1 ± 0.1 1.3 0.2 ± 0.1 1.6     2961 15.6 
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The lowest part of the Horcones Valley close to the entrance to the Park is intensively 

used by sightseers, hikers, mountaineers and the pack animals used to transport equipment for 

visitors (Figures 6.2 and 6.3). Although there is a network of informal trails in this area, a lot 

of trampling occurs off trail. In this intensively used low altitude area, 82% of 102 randomly 

located plots (not on trails) showed obvious signs of human disturbance with all 12 plots in 

meadows disturbed, 71 plots in steppe vegetation were disturbed and 19 steppe plots with no 

signs of anthropogenic disturbance. Five weeds were recorded in this area: C. arvensis, 

Plantago lanceolata, Poa compressa, S. kali and T. officinale, with 68% of the plots 

containing weeds (Figure 6.2). Overall weed occurrence and cover were greater in disturbed 

meadows (21%) and disturbed steppe vegetation (14%) than in the undisturbed steppe 

vegetation (8%, all of which was C. arvensis) (H = 7.916, P = 0.01; χ2 = 11.463 P = 0.001) 

(Appendix 6.1). Also, weed species richness per 20 m2 was higher in disturbed meadows (1.3 

± 0.2) and disturbed steppe vegetation (0.8 ± 0.1) compared to natural steppe vegetation (0.4 

± 0.1) (F = 6.033, P = 0.003).  

Further up the Horcones Valley along the main access trail to the high campsites and 

summit of Mt Aconcagua (Figure 6.1), three weeds were recorded in the 60 plots (48 plots in 

steppe vegetation, 12 in meadows) including T. officinale in meadows and C. arvensis and 

Sisymbrium orientale in steppe vegetation. Sysimbrium orientale was recorded in just one 

plot on the trail verge. The frequency and cover of weeds in steppe vegetation was greater in 

adjacent natural vegetation (10 plots, 12.4%) compared to trail verges (7 plots, 7%) but this 

was not statistically significant (H = 3.117, P = 0.37). For alpine meadows, the frequency and 

cover of T. officinale was greater on trail verges (4 plots, 6%), compared to the adjacent 

natural vegetation (1 plot, 0.6% cover) (Appendix 6.1).  

In 19 meadows surveyed along the secondary access Vacas Valley (Figure 6.1), all but the 

highest altitude meadow (3780 m a.s.l.) showed obvious signs of anthropogenic disturbance. 

These meadows are intensively grazed by pack animals used by commercial tour operators to 

transport equipment to those staying in remote campsites during summer. Weeds occurred in 

over half of the 19 meadows (10 meadows), but all were restricted to the low alpine belt 

(2400-2961 m a.s.l) (Figure 6.1). Weed diversity was relatively high in these meadows with 

eight species recorded (Cirsium vulgare, Matricaria chamomilla, Medicago lupulina, 

Medicago sativa, P. lanceolata, T. officinale, Trifolium repens and Veronica anagallis-

aquatica), although the only common species was T. repens (8 meadows, 9% cover) 

(Appendix 6.1). 
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Figure 6.2. Location of the sites surveyed in the intensively used lower altitude area of 
Horcones Valley (69° 56' W, 32° 48' S) in Aconcagua Provincial Park, Mendoza, Argentina. 
Sites with exotic taxa and those with only native species are marked.  
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Figure 6.3. Trail use by visitors and pack animals in Horcones Valley, Aconcagua Provincial 
Park, Mendoza, Argentina. Photo by one of the authors (Agustina Barros).  

6.5 Discussion  

Weed diversity, cover and distribution are relatively low for Aconcagua Provincial Park 

compared to some other mountain protected areas outside Europe, that have longer histories 

of human use and more extensive road networks (McDougall et al. 2010; Seipel et al. 2011). 

For example the 16 weeds in Aconcagua Park is less than the weed diversity in the Australian 

Alps (102 species), Yellowstone in North America (33), and along roads extending into the 

Andes in South Chile (84) and Central Chile (45) (Seipel et al. 2011). This low diversity may 

be due to the combined effects of more limited human use in the past, fewer roads and other 

types of infrastructure in the Park, and the very dry cold conditions in the higher altitude 

regions of the Park.  

The first survey of the vegetation of the Aconcagua region between 1983 and 1993 

recorded 13 species and included highly disturbed sites outside the Park including a ski resort 

and the verge of the international highway (Mendez et al. 2006). The more recent surveys and 

incidental observations focused solely in the Park identified eight additional species not 

previously recorded. This apparent increase in diversity over time may be due to differences 

in sampling intensity and/or an actual increase in the diversity of weeds in the Park over the 

last 30 years.  
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Currently nearly all weeds are restricted to the low alpine zone (< 3200 m a.s.l.), with only 

one weed species, C. arvensis, extending into the intermediate alpine zone (<3400 m a.s.l.) 

and no weeds recorded in the high alpine zone (< 4400 m a.s.l). This pattern may reflect 

climatic barriers, less human disturbance and a lag in the dispersal of weeds from lower 

altitude sites (Pauchard and Alaback 2004; Mallen-Cooper and Pickering 2008; Pauchard et 

al. 2009).  

It is likely that weed diversity and cover will increase in the future as a result of increased 

visitor use of the Park. Tourists and pack animals can act as important weed vectors, with 

many of the weeds found in Aconcagua potentially dispersed by these vectors. Because of the 

limited vehicle access within the Park and isolated nature of the region, it is possible that at 

least some of the species were unintentionally introduced into the Park on clothing, shoes, 

and/or in the dung or fur of pack animals (Whinam et al. 1994; Loydi and Zalba 2009; 

Pickering and Mount 2010; Magro and Andrade 2012). Also, unintentional introduction of 

weeds can occur through mountaineering equipment (Whinam et al. 2005) as mountaineers 

often visit other popular summits outside of South America and may use the same equipment 

without proper cleaning. 

Once weed seeds reach a site, trampling can facilitate weed establishment and invasion. 

Trampling on and off trails by tourists and pack animals in the Park has resulted in reductions 

in the diversity and cover of native vegetation, changes in soil conditions and increased 

erosion, changes which may favour weeds (Barros et al. 2013). Damage from trampling can 

also facilitate the germination of seeds in the dung of pack animals as found in other research 

(Cosyns et al. 2006; Törn 2007). The accumulation of manure in the Park due to the presence 

of pack animals can increase the risk of plant invasions (Whinam et al. 1994, Van Dyk and 

Neser 2000; Campbell and Gibson 2001; Mouissie et al. 2005; Cosyns et al. 2006; Wells and 

Lauenroth 2007; Quinn et al. 2008; Törn et al. 2010; Magro and Andrade, 2012; Stroh et al. 

2012). In particular, non native plant invasion can be favoured by the combined effect of 

dispersed grazing and bare ground areas covered by manure as found for a study conducted in 

alpine vegetation in Tasmania (Whinam et al. 1994). Although many of the weed seeds 

contained in horse dung may not be able to establish as they are often associated with fertile 

soils (Mouissie et al. 2005), microsite conditions (e.g. higher soil temperatures and nutrients 

within cushion plants, organic soils in alpine meadows), may enhance seedling survival 

(Cavieres et al. 2005, 2007).  

Most of the weeds were restricted to sites subject to visitor disturbance, except for C. 

arvensis and T. officinale, which are a common component of the alien alpine flora of the dry 
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Andes (Gónzalez and Gianoli 2004; Cavieres et al. 2007). Previous research in the Andes of 

Central Chile has found that these two species occur in undisturbed native vegetation 

(Gónzalez and Gianoli 2004; Cavieres et al. 2005; Badano et al. 2007). Convolvulus arvensis, 

which can reproduce by seeds and rhizomes, can colonize not only open habitats but also 

shaded sites (Gonzalez and Gianoli 2004). Taraxacum officinale, a deeply rooted perennial 

herb, can occur within native vegetation including within cushion plants that facilitate 

seedling survival in harsh environments characterized by cold and dry weather (Cavieres et 

al. 2005).  

The weeds that have colonised Aconcagua include common mountain weeds, with 11 of 

the 21 weeds in the Aconcagua region in the top 50 weeds in mountain ranges (Seipel et al. 

2011). Weeds in Aconcagua were predominantly herbaceous, rather than woody, as has been 

found in large scale comparative studies of mountain weed floras (McDougall et al. 2010). 

Although there were several annual or biennial species, most were perennial, whereas equal 

numbers of perennial and annual weeds have been found in other mountain regions 

(McDougall et al. 2010). The weeds in Aconcagua were predominantly native to Europe, 

reflecting the dominance of European natives as weeds in many mountain regions outside of 

Europe (McDougall et al. 2010). They were not mountain specialists, but rather species 

where their native distribution includes low land areas and are considered weeds in low land 

regions of the world (McDougall et al. 2010).  

6.6 Conclusion 

The results of this study highlight that, although the number and cover of weeds in 

Aconcagua Provincial Park are limited compared to other more intensively used regions, 

even isolated, high elevation protected areas are susceptible to plant invasions through 

trampling and inadvertent human mediated seed dispersal. 

Although there is currently low cover and diversity of weeds in Aconcagua Provincial 

Park, it is important to control their spread. Methods to minimize weed establishment in 

Aconcagua and other mountain protected areas include (1) limiting human disturbance by 

restricting the lateral spread of trails and (2) minimizing the potential of humans, pack 

animals and vehicles to disperse weed seeds. Educational programs for mountaineers and tour 

operators about their potential to carry weed seeds should also be implemented. Measures 

such as the use of weed-free fodder for pack animals, including before they arrive in the Park, 

and cleaning boots and other equipment before entering the Park are likely to reduce the risk 
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of weed introductions (Pickering and Mount 2010). Rehabilitating sites that are already 

damaged should also be undertaken, and for problematic weeds such as C. arvensis and T. 

officinale, integrated weed management strategies including removal mechanisms should be 

developed and implemented.  
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Appendix 6.1. Average cover (± SE) and frequency (F., number of plots) for each of 12 weed species recorded across 233 sites for the different 
vegetation surveys in Aconcagua Provincial Park. 

 

 
Horcones intensive use area Track along Horcones Valley Trail along meadows Vacas 

valley 
 Road verge 

Horcones 
Valley 

Meadow  Steppe  Steppe Steppe Steppe  Meadow Meadow 

Total 
Low 

alpine  Disturbed Natural Disturbed Natural Trail Natural Trail 

 n=12 n=12 n=19 n=71 n=24 n=24 n=6 n=6 n=19 n=12 

Species Cover F. Cover F. Cover F. Cover F. Cover F. Cover F. Cover F. Cover F. Cover F. Cover 

Cirsium vulgare 
                   0.1 ± 0.1 1 0.1 ± 0.1 

Convolvulus 

arvensis 

12.4 ± 4.9 10 1.8 ± 0.9 4 8.0 ± 3.2 8 16.4 ± 2.2 47 12.4 ± 4.1 10 6.4 ± 2.3 7         

Matricaria 

chamomilla  

                   0.05 ± 0.05 1 0.1 ± 0.1 

Medicago lupulina 
                   0.2 ± 0.2 2 0.3 ± 0.3 

Medicago sativa 
                   0.03 ± 0.03 1 0.05 ± 0.05 

Plantago 

lanceolata 

   0.04  ± 0.04 1   0.1 ± 0.1 1           0.6 ± 0.4 4 1.0 ± 0.6 

Poa compresa  
   2.8 ± 1.9 3                  

Salsola kali 
17.3 ± 6.7 9     0.2 ± 0.1 6              

Sisymbrium 

orientale 

            0.2 ± 0.2 1         

Taraxacum 

officinale 

1.8 ± 1.8 1 15.8  ± 4.2 9   0.2 ± 0.2 3      0.6 ± 0.6 1 5.8 ± 
1.9 

4 0.8 ± 0.5 3 1.4 ± 0.9 

Trifolium repens 
                   5.5± 2.0 8 9.1  ± 3.1 

Veronica anagallis-

aquatica 

                   1.6 ± 1.0 4 2.7 ± 1.7 

Total  32 ± 6 12 21 ± 4 12 8  ± 3 8 17  ± 2 49 12± 4 10 7  ± 2 8 1 ± 1 1 6  ± 2 4 9  ± 3 10 15 ± 4 
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CHAPTER 7  

GENERAL DISCUSSION 

Despite the high conservation value of plant communities in the dry Andes, there is 

limited research examining the effects of visitor use on these communities and on the 

ecology of the region in general (Byers, 2000, 2009; Buckley, 2005; Barros et al., 

2013). This thesis starts to address this geographical gap in recreation ecology research, 

by assessing the impacts of visitors to the highest Park in the Southern Hemisphere, 

Aconcagua Provincial Park, using a range of methods including: 1) a desktop 

assessment integrating existing Park visitor data with spatial biophysical data to 

determine the likely impacts of visitor use at the landscape level based on recreation 

ecology literature (Chapter 2), 2) mapping the total area directly damaged by formal and 

informal trails and other visitor infrastructure in intensively used areas of the Park 

(Chapter 3), 3) a rapid inventory of on and off trail impacts including validating a new 

method against a detailed vegetation survey (Chapter 3), 4) manipulative experiments 

quantifying and comparing the impacts of trampling between pack animals and hikers 

(Chapter 4), and the impacts of grazing by pack animals (Chapter 5), and 5) vegetation 

surveys and incidental observations to map the distribution of weeds in the Park and 

their association with visitor use (Chapter 6). 

Based on the results of this research, there are a range of ecological impacts from 

visitor use of Aconcagua Park. This includes impacts on alpine plant communities from 

visitors and pack animals, including reductions in vegetation height, cover and 

composition (Chapters 3, 4, 5). Impacts on alpine plant communities are of particular 

concern because vegetation cover is very limited in the dry Andes (< 30% in 

Aconcagua), and where there is vegetation, it contains endemic plant species and is 

important habitat for a range of animals including ground nesting birds and the guanaco 

(Lama guanicoe) (Fig. 7.1).  

In addition to impacts on plant communities documented in this thesis, there are also 

a range of impacts that are likely to arise from the use of helicopters to support visitor 

activities and the use of campsites by visitors, support staff and pack animals (Chapter 

2). These include water pollution from sewage discharge, water extraction in campsites, 

and wildlife displacement from helicopter use. The cumulative pressures from visitor 
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use and associated activities in the Park were likely to be more severe in the high alpine 

zone (3800-4400 m a.s.l) for water resources, and in the lower parts of the Park (2400-

3800 m a.s.l) for terrestrial biodiversity. 

 

 
Figure 7.1. People (a) and pack animals (PA) (b) use in Aconcagua Provincial Park, 
Mendoza, Argentina.  

The following section summarizes the main results from this thesis based on the type 

of activity, the amount of use and distribution of use, including relevant results from the 

desktop assessment. It also highlights the implications of this research for assessing 

visitor impacts. Finally, recommendations for managing visitor impacts and further 

research in the Andes region are addressed.  

7.1 Ecological impacts of visitor use  

The research in this thesis demonstrated that visitor use had a range of adverse 

impacts on alpine plant communities in the Park (Fig 7.2, Table 7.1). Common impacts 

included vegetation loss from the creation of informal trails and dispersed use off trail, 

reductions in plant cover from trampling and grazing, increases in leaf litter from 

trampling, and changes in plant composition (e.g. Fig. 7.3ab) (Chapters 3, 4, 5). 

Important vegetation attributes for the conservation of local biodiversity such as plant 
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height and aboveground biomass, were adversely affected by grazing and trampling 

(Chapters 4 and 5). Disturbance from visitor use was associated with higher diversity 

and cover of weeds in the lower altitude areas of the Park (Chapter 6). The type of 

visitor activity and the level and distribution of use also influenced the amount of 

damage to vegetation, as has been demonstrated for other regions (Liddle, 1997; Törn et 

al., 2009; Monz et al., 2010a, Pickering et al., 2010; Newsome et al., 2012).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.2. Conceptual model of ecological impacts of visitor use (Monz et al., 2010a), 
showing the results of the research in this thesis in bold. a = demonstrated (Chapter 3, 4, 
5, 6), b = inferred (Chapter 2).  
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Table 7.1. Summary of the impacts of visitor use on vegetation parameters on trails, off 
trails, grazing and trampling in Aconcagua Provincial Park (Chapters 3, 4, 5 and 6). 
Results on the response of vegetation based on off trails disturbance intensity (Chapter 
3) and hikers and pack animals trampling intensity (Chapter 4) are also included. a = 
vegetation data from Barros et al. 2013, * = weed, PA = pack animals, int. = intensity, 
NS= not significant, Sig. = significant, - = not tested, blank space = not relevant.  

Vegetation parameters 

Observation/ 

Inventory Experimental 

Trail 

Off 
trail 
dist. 

Off 
trail 
dist. 
int. Grazing 

Trampling 

Hikers PA 
Hikers 
vs. PA 

Hikers 
int. 

PA 
int. 

Height - -   Sig. Sig. Sig. Sig. Sig. Sig. 
Aboveground biomass 

  
    

    
  

  Total biomass - -   Sig. 
    

  
  Living plant biomass - -   - NS Sig. NS   Sig. 
  Litter biomass - -   - NS NS NS     
Cover 

  
    

    
  

  All vegetation Sig. Sig. Sig. NS Sig. Sig. Sig. Sig. Sig. 
  Native vegetation - Sig. NS             
  Native shrubs - Sig. NS             
  Native grasses - NS   Sig.           
  Native herbs - NS   NS     

 
    

  Native sedges -     NS           
  Weed herbs NSa NS               
  Litter -     Sig. NS Sig. NS   Sig. 
  Adesmia aegiceras - Sig. NS             
  Poa holciformis - NS               
  Stipa sp. - NS               
  Bromus setifolius - NS               
  Deyeuxia eminens -     Sig.           
  Carex aff. gayana -     NS NS Sig. Sig.   Sig. 
  E. pseudoalbibracteata                                       -       Sig. Sig. NS NS Sig. 
  Acaena pinnatifida - NS               
 Convolvulus arvensis

*
 - NS               

Frequency 
  

    
    

  
  Native shrubs - Sig. Sig. - - - - - - 
  Native grasses - NS   - - - - - - 
  Native herbs - NS   - - - - - - 
  Weed herbs Sig. a Sig. Sig. - - - - - - 
Plant composition 

  
    

    
  

  Growth forms - Sig. Sig. NS - -       
  Species - Sig. NS NS Sig. Sig. Sig. NS Sig. 
Species richness 

  
    

    
  

  Total  - NS   NS NS NS NS     
  Native - NS               
  Weeds - Sig. NS             
  Floristic similarity - - - NS - - - - - 
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Figure 7.3. Examples of impacts documented during the thesis: (a) Damage to 
vegetation through informal trail networks in intensively used areas, and (b) the effects 
of excluding grazing on alpine meadows.  

Type of activity 

A range of activities and associated impact indicators (pressure and state indicators) 

were identified in the desktop assessment that can be used to determine the likely 

ecological impacts of visitor use on terrestrial biodiversity in the Park (Chapter 2). The 

main pressures included trampling both by pack animals and hikers, and grazing by 

pack animals on alpine steppe and meadows.  

When the impacts of trampling by hikers and pack animals on alpine meadows were 

directly compared using a manipulative experiment, differences were found (Table 7.1, 

Fig. 7.4). Trampling by hikers reduced plant height, total plant cover, the cover of the 

common sedge E. pseudoalbibracteata and changed plant composition. Trampling by 

pack animals also resulted in changes in these vegetation parameters, but the changes 

were more pronounced compared to those from hiking. Trampling by pack animals also 

resulted in increased litter, reductions in the proportion of living plant biomass 

compared to litter, and reductions in the cover of the dominant sedge C. gayana (Fig. 

7.4). The extent of the differences in impacts between these two activities is similar to 

results found in other studies explicitly comparing impacts between these two activities 

(Weaver and Dale, 1978; Cole and Spildie 1998). They are likely to be at least in part, 

due to the greater pressure exerted on the ground by mules and horses compared to 

people (Liddle, 1997; Cole and Spildie, 1998; Pickering et al., 2010). 

Grazing by pack animals also affected alpine meadows with ungrazed vegetation 

resulting in reductions in litter, increases in vegetation height, above ground biomass 

and greater cover of grasses including the dominant grass D. eminens (Table 7.1). 

(a) (b) 
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Vegetation height and above ground biomass were very sensitive to grazing by pack 

animals, with vegetation twice as tall and with 30% more above ground biomass after 

the removal of grazing. 

 

Figure 7.4. Sensitivity of different vegetation parameters to trampling intensity (25, 100, 
300 passes) by hikers, riders and the comparison between hikers and riders at the same 
trampling intensity on alpine meadows in Aconcagua Provincial Park.  

Amount of use  

Visitor use of Aconcagua is concentrated during the five month visitor season, with 

over 33,000 visits from November 2010 to March 2011 (Direccion de Recursos 

Naturales, 2011). Based on visitor permit fees and GIS data, 40% of visitor use 

(including people and pack animals) was in January (Chapter 2). Visitor use was greater 

in the low (38,000 visitor days) and high alpine zones (31,000 visitor days) with visitors 

staying longer in these locations, while pack animal use was concentrated in the low and 

intermediate alpine zones. In the low alpine zone, it was estimated that over 100 hikers 

and 100 pack animals traversed this zone each day in January. In the alpine meadows in 

the intermediate alpine zone, it was estimated that over 100 pack animals grazed per day 

in January.  

Pack animals vs. hikers 
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The current level of use from visitors and pack animals results in damage to 

vegetation (Chapters 3, 4 and 5). For example, 100 passes by pack animals resulted in 

changes in plant composition and reductions in one of the dominant species of alpine 

meadows (Fig. 7.4). The 2,700 pack animals that traversed and grazed on the alpine 

meadows between November 2010 and March 2011 resulted in the removal of large 

amounts of above ground biomass (Table 7.1). 

Some vegetation variables were more sensitive to the amount of use than others, with 

vegetation height more sensitive to trampling by hikers and pack animals than 

vegetation cover (Table 7.1, Figs 7.3 and 7.4). In trampled meadows, vegetation cover 

was more resistant to trampling, with apparent changes only at the highest intensity 

tested for both hikers and pack animals. Pack animal trampling did more damage than 

trampling by hikers for the same amount of use, and also affected other variables at 

moderate levels of trampling (Fig. 7.4). This included plant composition and the cover 

of one of the dominant sedges (E. pseudoalbibracteata). 

For off trail disturbance in alpine steppe vegetation, lower levels of disturbance 

affected the cover of native shrubs including the dominant A. aegiceras (Table 7.1, Fig. 

7.5). At moderate levels of disturbance, total vegetation cover, weed diversity and plant 

composition were affected and at high levels of disturbance native vegetation cover was 

affected. There were differences in plant composition based on the disturbance 

intensity, with less disturbed sites dominated by native grasses and shrubs, while highly 

disturbed sites were dominated by weeds. 

Distribution of use 

The area used by visitors, including trails, campsites and pack animals grazing 

around campsites, represents 2% of the Park (Fig. 7.1). Because visitor use was 

concentrated in areas with vegetation cover, it appears that at least 6% of vegetation has 

been directly damaged (Table 7.2, Chapter 2). Direct use of trails and campsites resulted 

in the loss of 82 ha of vegetation. Locations where terrestrial biodiversity was likely to 

be more severely impacted included the Horcones Valley intensively used area in the 

low alpine zone (237 ha) and campsites in the intermediate alpine zone including 

grazing areas (388 ha). Within these zones, there were variations in the severity of 

impacts from trail use, with alpine meadows likely to be more severely affected due to 

their limited distribution and the grazing pressure from pack animals (Chapter 2).  
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Figure 7.5. Sensitivity of different vegetation parameters to off trail disturbance (low, 
medium, high) for alpine steppe vegetation in the intensively used 237 ha of Horcones 
Valley, Aconcagua Provincial Park. 

When the impacts from visitor use on vegetation were assessed in the most 

intensively used area of the Horcones Valley, it was found that concentrated and 

unregulated use by visitors and pack animals have fragmented the area through the 

creation of a large network of informal trails (Chapter 3). Informal trails together with 

other infrastructure resulted not only in the complete loss of 20 ha of vegetation, but 

also damaged a further 82% of this area due to dispersed use by hikers and pack animals 

(Table 7.2). The concentration of pack animals in the alpine meadows resulted in 

changes in vegetation (Chapter 5), potentially affecting their habitat quality for ground 

nesting birds and native camelids (Puig et al., 2001; Borgnia et al., 2008).  

As a result of dispersed use, weeds were found on and off trails in the most 

intensively used area (Chapter 6). Across the Park, weeds were limited to areas below 

3400 m a.s.l with no weeds recorded even in disturbed vegetation above this altitude. 

Two environmental weeds, T. officinale and C. arvensis, which are a common 

component of alien alpine flora of the Andes (González and Gianoli, 2004; Cavieres et 

al., 2005), were able to invade relatively undisturbed vegetation.  
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Table 7.2. Area affected by visitor use in Aconcagua Provincial Park, including areas 
with vegetation cover and the 237 ha intensively used area (Chapters 2 and 3).  

Visitor use 
Park 

(71,000 ha) 
Vegetation 
(21,000 ha) 

 
ha % ha % 

Trails 116 0.2 72 0.3 
Campsites 29 0.04 11 0.1 
Grazing areas 1280 1.8 1280 6.1 
Total 1425 2.0 1363 6.5 

 

Horcones intensively  
used area (237 ha) 

 
ha % 

  Trails & other infrastructure 21 9.4 
  Area with damage from off trails use 177 82 
   

7.2 Research approaches and their implications for assessing visitor impacts  

The methods used in this thesis not only demonstrate impacts from visitor use, some 

of them are also suitable for ongoing assessment of visitor impacts in Aconcagua and 

other protected areas. The desktop assessment used to assess likely impacts of visitor 

use in Aconcagua, for example, is also suitable for other protected areas (Chapter 2) 

(Hadwen et al., 2008; Castley et al., 2009). It can easily be adapted to identify likely 

impacts based on visitor activities and the intensity of pressure from these activities. It 

is particularly useful when visitor distribution data is available (Wardell and Moore, 

2005; Hadwen et al., 2007). This type of data can be obtained through different sources, 

including from permit fees or registration books, as they often contain information on 

trail areas/routes used by visitors, party size, days of entry and length of the activity. 

This type of information on the temporal and spatial patterns of visitor use can be used 

to identify when and where impacts are likely be more severe and hence assist in the 

prioritization of management actions (Hadwen et al., 2012; Pettebone et al., 2013).  

Some of the methods used in this thesis can also be incorporated into protected area 

agency annual assessments and monitoring programs. The rapid assessment method 

used here to examine off trail disturbance in intensively used areas (Chapter 3), can be 

applied to detect initial disturbance from dispersed use. Spatial data on informal trail 

networks and infrastructure can be used for ongoing monitoring including assessing the 

level of landscape fragmentation using GIS (Monz et al., 2010b; Leung et al., 2011; 

Wimpey and Marion, 2011). Adapting and refining these types of methods to other 
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protected areas could help land managers assess the success of management actions 

including those limiting visitor impacts. For example, these types of protocols are 

becoming more common for monitoring the effectiveness of trail management strategies 

in mountain protected areas in the United States (Marion et al., 2011; Walden-Schreiner 

and Leung, 2013).  

The type of manipulative experiments used here to directly compare the impacts of 

common activities in Aconcagua such as hiking and pack animal use provides scientific 

evidence to support management decisions regulating visitor use. Replicate randomized 

experimental designs not only demonstrate the effects of each activity, but quantify their 

relative impacts. These designs however, are intensive and expensive in terms of 

training and expertise, and hence are not appropriate for general monitoring of impacts 

(Monz et al., 2010a; Pickering, 2010). Despite such difficulties it is important to 

undertake this type of research especially for activities where management decisions are 

controversial and to add to the scientific literature on recreation ecology (Leung and 

Marion, 2000; Newsome et al., 2008; Pickering et al., 2010  

The results from experimental research can help protected areas managers selecting 

suitable indicators, including vegetation parameters for ongoing monitoring of visitor 

impacts (Cole, 1995, 2004; Growcock, 2005). In this study, vegetation height was 

particularly sensitive to trampling and grazing in alpine meadows and could be used to 

detect initial damage from these types of visitor use. The cover of some of the dominant 

plants was also sensitive to damage by trampling, grazing and off trail disturbance, and 

hence could be used for monitoring impacts (Figs 7.4 and 7.5). Species richness was not 

a sensitive indicator of trampling disturbance, at least in the short term, as has been 

found in previous studies in alpine environments (Monz, 2002; Growcock, 2005; Hill 

and Pickering, 2006) (Table 7.1).  

7.3 Managing visitor impacts  

Managing visitor impacts in Aconcagua Provincial Park, and the Andes in general, is 

challenging. Most of the protected areas are remote and there is limited funding to 

implement management strategies and monitor visitors and their impacts (Byers, 2000; 

Barros et al., 2013). Similar challenges confront many mountain protected areas in 

developing regions, including in the Himalayas (Nepal et al., 2002; Geneletti and Dawa, 

2009). To ensure that visitor use is environmentally sustainable in these areas it is 
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important to secure additional funding for monitoring and ameliorating impacts and 

managing visitor use. This includes support from tour operators, government agencies, 

visitor revenue and other funding sources (Bruner et al., 2004; Steven et al., 2013).  

In Aconcagua Provincial Park visitor fees provide most of the Park income at around 

US$1 million per year (Rada et al., 2007). This is used to run basic operations in the 

Park (approximately US$594,000, Rada et al., 2007) including services directly or 

indirectly for visitors (staff contracts, medical service, public infrastructure, faecal 

matter disposal, helicopter) as well as funding operational costs for the other 13 State 

protected areas in the Mendoza province of Argentina (Dirección de Recursos 

Naturales, 2013). Although visitors to Aconcagua are an important source of income for 

the Park agency, the current revenue from fees does not cover the costs for assessing 

and managing visitor impacts in the Park. 

Based on the research in this thesis, it is possible to prioritize visitor management 

actions. The results highlight the importance of managing multiple use trails, grazing by 

pack animals in alpine meadows, waste discharge and water use in campsites, and 

helicopter use. The following recommendations provided for this Park, may also apply 

to other mountain protected areas with similar types of visitor use.  

Multiple use trails  

Managing multiple activities, particularly in areas of high usage is important to 

reduce the potential for conflict among users and environmental impacts including those 

arising from displacement and the resulting visitor dispersed use (Wimpey and Marion, 

2011; Leung et al., 2011). The unregulated use of pack animals for transport is 

particularly challenging when there is a long history of their use in some protected areas 

(Newsome et al., 2002, 2004 2008; Barros et al., 2013). In Aconcagua, management 

responses to minimise these types of impacts include regulating pack animal traffic. 

This involves separating hiker and pack animal trails and introducing regulations 

requiring pack animals to be tethered in lines when traversing intensively used areas of 

the Park (Barros et al., 2013). To restrict pack animal traffic to the designated trails, 

permits for tour operators and muleteers could be conditional on their compliance with 

these regulations.  

To limit dispersed use by visitors, such as by sightseers who leave trails for 

picnicking and photographing activities (Turner, 2001; Walden-Schreiner and Leung, 
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2013), educational programs and trail signage could be introduced to discourage leaving 

the trails as well as enhance visitor experience (Ling, 2002; Barros and Magro, 2007; 

Park et al., 2008). In scenic view points and other areas of high usage, viewing 

platforms could be installed to limit off trail trampling as occurs in some other mountain 

protected areas (Walden-Schreiner and Leung, 2013). Pack animals and hikers should 

be encouraged to avoid alpine meadows as visitor use degrades these areas of high 

conservation value (Buono et al., 2010; Barros et al., 2013).  

Confining people and pack animals to designated trails could also slow the 

introduction and spread of weeds, in this, and other, protected areas (Newsome et al., 

2002; Wells and Lauenroth, 2007; Pickering and Mount, 2010; Törn et al., 2010). 

Visitors and pack animals have the potential to introduce and then transport the seed of 

a great diversity of weeds (Wells and Lauenroth, 2007; Pickering and Mount, 2010; 

Magro and Andrade, 2012). Methods to limit the introduction of new weeds and the 

dispersal of weeds further in the Park should be implemented (Chapter 6). This includes 

cleaning boots and other visitor equipment at the Park entrance and the use of weed free 

fodder for feeding pack animals before arriving in the Park (Pickering and Mount, 

2010). Specific educational programs could be targeted at visitors and tour operators 

about their potential to carry weed seeds and the ecological implications of weeds. 

Reducing trampling off trail and the proliferation of informal trails will also reduce 

disturbance to native vegetation that can favour the establishment of weeds. 

Grazing by pack animals  

Despite the traditional use of pack animals for transport in this, and other protected 

areas, surprisingly few studies have directly assessed their impacts (Newsome et al., 

2004; Cole et al., 2004; Pickering et al., 2010). The research from Aconcagua 

Provincial Park indicates that excluding grazing by pack animals on alpine meadows 

over one growing season (November – March) can have beneficial effects for vegetation 

(Chapter 5), including potentially increasing their habitat quality for ground nesting 

birds and native grazing mammals. These results are encouraging and highlight the 

importance of implementing strategies to reduce and/or restrict grazing by pack animals 

on alpine meadows. These could include deferred grazing (i.e. avoid grazing during 

peak periods of vegetation growth), rotational grazing between locations, use of weed 

free fodder and limiting the number of animal nights per meadow (Moore et al., 2000; 
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Spildie et al., 2000; Cole et al., 2004). As with pack animal traffic, permits to tour 

operators should be conditional on compliance with these regulations. 

Wastes discharges and water in campsites 

A range of multiple pressures from visitor use were identified in this research that 

could affect water resources in the Park (Chapter 2). This included unregulated visitor 

activities in campsites, including water extraction, waste water discharge and human 

waste. Although managing waste water and human waste in high altitude areas is 

difficult due to freezing temperatures and dry conditions (Ells and Monz, 2011; 

Goodwin et al., 2012), a series of strategies to minimize the risks from these pressures 

could be implemented (Cilimburg et al., 2000; American Alpine Club, 2010). 

For water consumption, it is important to monitor the water flow in alpine meadow 

wetlands, as they can be particularly sensitive to changes in flow regimes (Clymont et 

al., 2010). This information could help protected area managers to define appropriate 

levels of water use in these meadows and/or use alternative water sources for water 

extraction (e.g. streams or rivers). Management strategies to avoid nutrient enrichment 

from grey water discharge, particularly on glacier lakes which are likely to be more 

sensitive to nutrient inputs from waste discharge (Pearce et al., 2005; Clitherow et al., 

2013), includes implementing ‘leave no trace’ practices such as determining minimum 

distances of campsites to water sources, using eco-cleaning products, and adapting 

technologies already tested in other mountain protected areas (Daniels and Marion, 

2005; American Alpine Club, 2010). For human waste left in nival/glacial zones, better 

controls of pack out systems can include weighing human waste bags at arrival in base 

camps and applying high fines for non compliance, as has been implemented in other 

protected areas used for mountaineering such as Denali National Park (American Alpine 

Club, 2010; National Park Services, 2013). 

Helicopter use  

The use of the helicopter in Aconcagua Provincial Park has been particularly 

effective in minimizing potential impacts from human waste, litter and safeguarding 

hikers and mountaineers (Direccion de Recursos Naturales, 2009). The unregulated use 

of the helicopter however could result in potential ecological impacts (Chapter 2) 

(Andersen et al., 1989; Barber et al., 2009). Management regulations already 
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implemented in other mountain protected areas could be established in Aconcagua, such 

as establishing minimum flight distances from the ground and establishing standardized 

routes so helicopters avoid areas potentially more susceptible to noise impacts (e.g. 

nesting sites, native camelids habitat) (Withers and Adema, 2009). Minimizing flight 

hours by avoiding the use of the helicopter for recreational or commercial purposes 

could also be enforced.  

7.3 Further recreation ecology research in the Andes  

Despite the Andes accounting for 13% of all mountains worldwide (Körner et al., 

2011), research on the ecological impacts of visitor use is limited (Körner, 2009; Barros 

et al., 2013). This thesis has demonstrated a range of impacts on alpine vegetation in 

Aconcagua Park from common activities, such as hiking and pack animals transport, 

which are also popular in other protected areas in the Andes region. It has also 

determined a range of likely ecological impacts from visitor use, including identifying 

key issues for further research.  

As previously discussed, there are important ecological characteristics of alpine areas 

in the Andes that differ from many other mountains including in the Northern 

Hemisphere. These include differences in the evolutionary history of plants (Simpson, 

1975; Ferreyra et al., 1998), differences in the native fauna including the absence of 

large hard hooved congregating mammals (Molinillo and Monasterio, 2006; Villalobos 

and Zalba, 2010), and often limited past human use (Barros et al., 2013). Most 

recreational ecology research however, has been conducted outside the Andes (Buckley, 

2005; Pickering et al., 2010), and although the results from this thesis highlight how 

there are many common visitor impacts, it also highlights how the sensitivity of plant 

communities within and among regions varies. Therefore more recreation ecology 

research in the Andes is needed.  

Similar approaches to those used in this thesis could be used in other protected areas 

in the Andes, including in other latitudes where differences in climatic conditions could 

affect the severity impacts from visitor use (Monz et al., 2010a). This includes mapping 

trails and campsites, assessing the extent of fragmentation, rapid assessment of off trail 

impacts, quantifying the relative impact of different types of visitor activities and 

assessing the distribution and diversity of weeds and their association with tourism 

infrastructure and use. 
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Visitor impacts that could not be assessed on ground in this thesis, include impacts 

on wildlife and water resources (Chapter 2). Visitor activities, including helicopter use, 

can have negative potential impacts on wildlife, including animal displacement, changes 

in behaviour and feeding patterns (Barber et al., 2009; Costina et al., 2010; Steven et al., 

2011). With very limited research on the impacts of helicopter on wildlife and the 

increasing use of helicopters in protected areas there is a need for further research in this 

area (Withers and Adema, 2009). Other aspects to consider include examining potential 

impacts of pack animals on native wildlife, such as temporal displacement and/or spatial 

segregation (Baldi et al., 2004; Borgnia et al., 2008). 

There is comparatively less research on the impacts of visitor use on fresh water 

systems compared to impacts on soils and vegetation (Monz et al., 2010a). Based on the 

results of the desktop assessment for Aconcagua, it was clear that waste discharge and 

water consumption are of concern due to the lack of regulations and high visitor use. 

The same issues are likely to apply to many other protected areas in the Andes, in 

particular in base camps close to summits where there are limited controls over visitor 

activities and limited visitor infrastructure for dealing with human waste (Carr et al., 

2002). Some of the issues that could be examined include the potential effects of waste 

discharge on the ecology of glacial lakes and the impacts of high water consumption on 

the flow regime of alpine wetlands. The impacts of human waste, such as faecal 

contamination on snow, should also be considered (Ells and Monz, 2011; Goodwin et 

al., 2012).  

To complement the type of research undertaken in Aconcagua for on trail and off 

trail impacts, new methods/technologies could be used. For example, the use of GPS 

trackers and direct observations methods to map visitor travel patterns and behaviour 

would be valuable (Park et al., 2008; Wolf et al., 2012; Walden-Schreiner and Leung, 

2013). For Aconcagua, visitor dispersed use was identified as one of the critical issues 

due to the high extent of informal trail networks (Chapters 2 and 3). This pattern of use 

probably applies to many protected areas in the region where management strategies to 

confine people to designated trails are often absent and pack animal are commonly used 

for transport (Byers, 2009, 2010; Barros et al., 2013). Using these methods can help 

managers better understand the factors potentially influencing dispersed visitor use (e.g. 

topography, vegetation type and view points) and identify hotspot locations based on 

intensity of use (e.g. trail use frequency, stopping times and duration). In the case of 
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pack animals, GPS trackers and/or direct observation methods could be used to 

determine grazing intensities in overnight campsites and pastoral zones.  

7.4 Conclusions 

This thesis contributes to the limited recreation ecology research in the Andes by 

assessing important impacts of visitor use in the highest protected area in the Southern 

Hemisphere. In particular, it has added to the surprisingly limited research on pack 

animal impacts in the Andes and protected areas elsewhere. The research has also 

demonstrated the benefits of new methods for rapidly assessing visitor impacts, which 

are likely to be useful in many protected areas with limited resources and high visitor 

use.  

This research found that: 1) impacts from dispersed visitor use can damage relatively 

large areas beyond trails when visitor use is dispersed, 2) even low levels of dispersed 

visitor use can damage vegetation, 3) pack animals cause more damage than hikers on 

alpine meadows but only at the highest trampling intensity assessed, 4) overall 

vegetation cover is not always a good indicator of vegetation resistance to trampling 

damage, with other vegetation parameters more sensitive to trampling including the 

cover of individual species and plant height, 5) restricting and/or reducing grazing by 

pack animals on alpine meadows could potentially increase habitat quality for native 

wildlife and 6) even areas with limited road access and harsh climatic conditions are 

still susceptible to weed invasions.  

Current levels and distribution of visitor use has already damaged alpine plant 

communities in Aconcagua Provincial Park, including changing plant composition 

potentially leading to a new disturbance flora in the Park. With increasing visitor use of 

protected areas in the Andes, which is often unregulated, it is critical to start assessing 

visitor impacts more widely. The research in Aconcagua demonstrates the importance of 

assessing unregulated visitor use of areas of high conservation value and the use of pack 

animals for transportation. By understanding the severity and types of impacts of visitor 

use and the ways these impacts can be minimized, protected area managers can achieve 

a better balance between the conservation of alpine ecosystems and the provision of 

recreational opportunities. 
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