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 ABSTRACT 
 

 

This thesis examines the impact of recreational activities, specifically camping and trampling, on 

alpine and subalpine vegetation communities in Kosciuszko National Park, Australia. A survey 

approach was first used to determine visitor use levels and types of recreation activities within the 

main alpine area. An experimental methodology was then used to quantify the relationship 

between use and damage from camping and trampling to vegetation and soils. Specific questions 

addressed were: (1) what are the visitor numbers, demographics, activities and patterns of 

visitation to the Kosciuszko alpine area and have they changed since previous estimates?; (2) 

what is the relationship between levels of use and damage for camping in undisturbed alpine and 

subalpine vegetation communities and does this vary between tent and activity areas?; (3) (a) what 

is the relationship between levels of use and damage for trampling in the undisturbed alpine and 

subalpine vegetation communities when trampled once and (b) are thresholds and/or the 

relationship altered when trampling is repeated in the following year?; (4) what is the relationship 

between use and damage from trampling to plant communities following a large-scale 

disturbance (bushfire) and do natural processes during the following year of recovery eclipse any 

recreation impacts?; and (5) what recommendations can be made to minimise impacts of 

trampling and camping in high altitude sites in the Australian Alps? 

 

Research assessing the impact of recreation on the environment is important for conservation of 

protected areas. Recreation can affect a range of environmental components including vegetation 

and soils. These impacts can be measured using a range of parameters including vegetation cover, 

composition and height and soil compaction. When assessing the impact of recreation on 

vegetation and soils, four factors need to be considered: (1) amount of use; (2) type of use and 

behaviour; (3) timing of use; and (4) environmental characteristics. In this thesis it is proposed 

that low levels of recreation use may not cause significant damage to vegetation until a primary 

threshold point is reached where increasing use results in rapidly increasing amounts of damage. 

A second threshold may then be found above which increasing use does not result in significantly 

more damage. Type and intensity of impacts can vary among different activities so the effects of 

camping and trampling (which are popular activities in the area) were both examined at varying 

intensities of use. As vegetation types may also vary in their response, the impact of activities on 

different communities were compared. Finally, the effect of trampling after large scale fires was 

examined. 
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Kosciuszko National Park is a unique mountain area that has been used for a variety of activities 

since European settlement. Tourism is now one of the largest land uses of the Park with 

indications of continued growth from the mid 1950’s through until the early 1990’s. As the area 

has high conservation values, minimising the amount of disturbance to the environment caused 

by tourists is important for the long term management of the Park. 

 

Based on an extensive analysis of visitor survey data collected prior to the thesis in the 

1999/2000 non-winter period, it was possible to characterise recreational use of the largest alpine 

area in Australia. Like many protected areas around the world, recreational use in Kosciuszko 

National Park is increasing during the non-winter period. During this survey, 102 000 visitors 

were estimated as entering the Kosciuszko alpine area with approximately 47 000 visitors 

undertaking activities of a half a day or more. This is a 10% increase since the previous estimate 

from the 1990/91 non-winter period. A variety of activities are undertaken within the area 

including sightseeing, day walking, mountain biking and camping. 

 

For camping, most trips were undertaken by small groups for short periods. Therefore the 

impacts to vegetation from one and three nights camping by groups of four people were assessed 

using an experimental approach. Camping for both one and three nights affected vegetation 

height, but to different extents. After three nights camping, there was a decrease in vegetation 

height in the tent and activity areas while after one night camping, a decrease in vegetation height 

only occurred in the tent area. Camping for three nights caused a short term increase in dead 

material, however six weeks after camping there was no difference in the cover of dead material 

among the control, tent or activities areas indicating that the effect was short lived. One night 

camping did not result in any significant increase in dead material.  

 

Bushwalking is one of the most popular activities to be undertaken in the Australian Alps 

including the Kosciuszko alpine area. Many visitors undertaking walks during this time depart 

hardened tracks in order to reach destinations such as mountain peaks and glacial lakes. An 

obvious impact of this trampling is the creation of pads and trails as the vegetation cover is 

replaced by bare soil that then becomes compacted and/or erodes. The thresholds before signs 

of disturbance occur as a result of trampling vary among vegetation communities and among 

parameters measured. Generally, primary thresholds were exceeded after moderate use with 

damage still evident one year later. Reduced vegetation height occurred at lower levels of use, but 

recovered quickly. Vegetation cover showed limited recovery once damaged. This was particularly 

apparent for bog communities, which also had very low resistance to damage. Repeat trampling 

in the following year compounded the damage and lowered the primary thresholds. 

 



v 

Impacts and thresholds from trampling in subalpine areas within weeks of the landscape level 

bushfires in 2003 differed from those in the undisturbed community. Where areas had been 

burnt, low levels of trampling caused exposure and loss of underlying bare soils with secondary 

thresholds reached at low to moderate use. These thresholds occurred for both extensively burnt 

and partially burnt areas. The damage caused by trampling however, was rapidly eclipsed by 

natural processes with no significant effects after one year.  

 

When examining the impacts of trampling in extensively burnt subalpine grasslands one year 

after the bushfires the thresholds for cover were again lower than undisturbed conditions even 

though there was substantial vegetation recovery from the fires. Low to moderate use was 

required to exceed the primary threshold for vegetation cover with a secondary threshold 

achieved after moderate use. Twelve months of recovery had however, allowed soils to become 

more cohesive with moderate to high trampling use now required to cause significant losses of 

soil.  

 

This research has shown that the identification of two thresholds of disturbance will be beneficial 

for management decision making. A primary threshold will define the upper limit of use for 

dispersed recreational use while a secondary threshold will define when concentrated use should 

occur. This information is valuable, as while the resistance of the vegetation communities 

examined in this research was moderate in some communities, resilience was always low.  As 

such, recovery from disturbance will be slow and damage should therefore be minimised as much 

as possible. 
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GLOSSARY OF TERMS 
 
 

Alpine area: the area between the climatic limit of tree vegetation (~1860 m in Kosciuszko 

National Park) and the zone of permanent snow and ice cover in other mountains. 

Graminoids: sedges, rushes and grasses combined.  

Impact: any undesirable visitor related biophysical change in the of the environmental resource 

(Leung & Marion 2000) 

IUCN: World Conservation Union – International Union for the Conservation of Nature. 

Non-winter period:  in this thesis refers to the period between the middle of October and the 

end of May for Kosciuszko National Park in Australia. 

NSW NPWS: New South Wales National Parks and Wildlife Service. 

Primary threshold: maximum amount of use that can occur before there is significant damage 

to the pre-existing condition. 

Recreation ecology: scientific research that examines the effect of recreation on the natural 

environment.  

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

damaged. 

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

Secondary threshold: level of use at which the proportion of damage associated with use begins 

to decrease.  

Subalpine area: located between the upper limits of the montane zone and the climatic limit of 

tree vegetation (treeline) approximately 1500 and 1860 m in Kosciuszko National Park. The 

subalpine zone in the Park receives snow for an average of one month per year. 

Subalpine grasslands: often found interspersed between the Snow Gum woodlands, in basin 

areas and within frost hollow areas in the Australian Alps. They are dominated by tussock 

forming grasses (Poa sp.) with inter-tussock areas dominated by a variety of herb species. 

Tall alpine herbfields: widespread vegetation community found in the alpine zone of the 

Australian Alps with high species diversity. Prominently consists of species associated with the 

Celmisia – Poa alliance (sensu Costin et al. 2000). 

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

Valley bogs: wet vegetation communities dominated by Sphagnum species with underlying peat 

soils. 
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CHAPTER 1 INTRODUCTION 

 

1.1 INTRODUCTION 
 

The use of protected areas for recreation is increasing around the world as more people seek to 

escape urban areas and take a break in nature (Chavez 2000; Watson 2000; TTF 2004). Activities 

undertaken are varied and can be passive, such as sightseeing and photography, or more active, 

such as bushwalking and camping. As recreational use increases however, so does the potential 

for environmental impacts. This can be of concern, especially in environments that are sensitive 

to disturbance, slow to recover and are of high conservation value. Mountain areas represent one 

such environment. This chapter provides a short review of protected areas, mountains, recreation 

in protected areas and the Australian Alps. The research questions addressed in this thesis are 

also posed and an outline of the thesis structure provided.  

 

1.2 PROTECTED AREAS 
 

Protected areas have been defined by the IUCN in their 1994 Guidelines for Protected Area 

Management as “an area of land and/or sea especially dedicated to the protection and maintenance of biological 

diversity, and of natural and associated cultural resources, and managed through legal or other effective means”. 

This definition identifies two important points: (1) what is being protected; and (2) that 

management is essential for this protection (Worboys et al. 2001). Management can include 

wilderness protection, preservation of species and genetic diversity, maintenance of 

environmental functions, protection of specific natural and cultural features and maintenance of 

cultural and traditional attributes. Management of these areas can also provide opportunities for 

tourism, recreation and education, sustainable resource extraction and scientific research (IUCN 

1994). The conservation of protected areas is therefore important for a variety of intrinsic and 

extrinsic reasons. 

 

As the objectives for management of protected areas are multi-faceted, six classifications of 

protected areas have been defined by the IUCN. These categories consider the primary 

management objectives without regard to the existing effectiveness of that management and 

define the relative importance of each protected area. The categories include: 

• Category I (strict nature reserves and wilderness areas): for strict protection and are 

managed mainly for scientific value. 

• Category II (national parks): for ecosystem conservation and recreation. 
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• Category III (national monuments): are mainly managed for the conservation of specific 

natural features. 

• Category IV (habitat and species management): active management intervention is 

required to assist in conservation and protection. 

• Category V (protected landscape/seascapes): managed for conservation and recreation. 

• Category VI (managed resources): managed for the sustainable use of natural 

ecosystems. 

 

Multiple objectives may be considered within each of these categories. For example, in national 

parks (category II) the primary objectives are the preservation of species and genetic diversity, the 

maintenance of environmental functions and the provision for recreational opportunities. 

Secondary objectives that are considered to be compatible with the development of these 

protected areas include scientific research, wilderness protection and the protection of natural 

and cultural features (IUCN 1994). 

 

There are currently over 104 000 protected areas worldwide of which conserve more than 12% 

(or over 20 million km2) of the earths terrestrial environment (Chape et al. 2005). The size of 

these protected areas varies among regions with Central America containing two and a half times 

more protected area than the Australia/New Zealand region (Table 1.1).  

 

Table 1.1: Percentage of protected land areas around the world by region (Chape et al. 2005). 

Region Percentage of land 
area protected 

Region Percentage of land 
area protected 

Entire World 12.2% South America (Brazil) 15.3% 
Central America 25.6% Europe 12.4% 
South America 22.1% Australia/New 

Zealand 
10.4% 

North America 17.8% Western and Central 
Africa 

10.1% 

East Asia 16.1% Pacific 9.9% 
South East Asia 16.0% North Africa and 

Middle East 
9.5% 

Eastern and Southern 
Africa 

15.9% North Eurasia 8.1% 

Caribbean 15.5% South Asia 7.3% 

 

National parks (category II) and managed resources (category VI) represent the largest areas of 

the IUCN categories, though this varies between regions around the world. Within the 

Australia/New Zealand region, the proportions of all the protected area categories are: strict 

nature reserves and wilderness areas 17.4%; national parks 21.1%; natural monuments 2.3%; 

habitat and species management areas 17.1%; protected landscape/seascape areas 1.5%; and 
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managed resource protected areas 40.4% (Chape et al. 2005). An estimated 0.2% have no current 

category. 
 

1.3 MOUNTAIN PROTECTED AREAS 
 
Mountain environments comprise approximately 23% of the earth surface and provide a unique 

opportunity for conservation. An estimated 15% of these mountains are protected around the 

world with 473 declared mountain parks in 65 countries (Worboys & Hamilton 2004; Chape et al. 

2005). Nearly a third of all conservation areas are found in mountains: 264 million ha out of 785 

million ha (Thorsell 1997; Körner 2004). In 2003, mountain areas represented 57 sites inscribed 

on the World Heritage List, which is approximately 33% of the 167 listed sites. This makes 

mountain areas one of the most common biomes represented on the World Heritage List 

(Thorsell & Hamilton 2004). 

 

Mountains around the world are important for cultural reasons, for their scientific significance 

and the environmental processes and functions that they provide (Körner 1999). In a cultural 

sense mountains are important as over 550 million people (or 10% of the earth’s population) are 

living in mountain areas with which they have often had a long association (Nepal 2002; Good 

2003; Hamilton 2003; Woodwell 2004). Furthermore, mountains are often of cultural importance 

to many communities and are often associated with “the highest and most sacred values and 

beliefs of cultures and traditions around the world” (Bernbaum 2001, p. 249).  

 

Mountains are important from an environmental perspective with the bulk of terrestrial water 

supplies falling in mountain catchment areas either in the form of rain or snow (Viviroli et al. 

2003). When precipitation falls as snow in these areas it can often be stored, or at least detained, 

for long periods of time with continuous snow melt providing constant supplies of water to 

rivers and streams (Weingartner & Pearson 2001). Accordingly, mountains are the headwaters of 

many rivers and have often been referred to as the water towers of the world (Good 2003; 

Viviroli et al. 2003; Messerli et al. 2004).  

 

Much of the world’s remaining natural biological diversity is also found in mountains with high 

species endemism often present due to the rapidly changing climate associated with increasing 

elevation (Körner 1999). Indeed, high elevation mountains have been reported as having more 

biological richness per unit of conserved land area than any other terrestrial system (Körner 

2004). In many cases, the development of unique ecosystems has occurred within mountain 

environments with these providing important environmental functions and services (Good 2003; 

Hamilton 2003).  
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Despite their cultural and ecological value, mountains are subject to a range of activities that can 

have negative impacts. Examples include excessive resource use of water for hydroelectricity, 

forests for timber extraction, grasslands for grazing and natural area use for tourism activities 

such as skiing, walking, horse riding and camping (Körner 1999; Hamilton 2003). 

 

1.4 RECREATION IN PROTECTED AREAS 
 

Recreation, almost regardless of what form, will affect the environment (Liddle 1997; Hammitt & 

Cole 1998; Newsome et al. 2002a). The impacts of recreation activities are often negative, 

resulting in undesirable changes to the natural environment (Leung & Marion 1996). Though 

many of the impacts are typically localised, they can be severe (Cole 1981; Byrne 1997; Buckley et 

al. 2000; Pickering & Buckley 2003) and with increases in visitation in many protected areas, 

impacts are becoming increasingly widespread (Leung & Marion 2000; Monz 2000). Indeed 

management agencies for national parks around the world are commonly faced with the 

challenge of balancing contradictory management goals: to preserve the natural character of the 

protected area while also facilitating recreation opportunities (Monz 2000).  

 

Mountains, including those in protected areas, are a popular destination for recreationists (Leung 

& Marion 1999; Good 2003; Pickering & Buckley 2003). During winter months, snow based 

activities are commonly undertaken in resorts. During the non-winter periods, activities such as 

bushwalking and camping are popular in backcountry areas (Roggenbuck & Watson 1989; 

Buckley et al. 2000; Johnston & Growcock 2005). Recreation within mountain areas in resorts or 

backcountry areas, must be carefully managed as these environments can be sensitive to 

disturbance and slow to recover once damaged. This is in part a result of short growing seasons 

for plants, climatic stresses and often limited soil resources (Willard & Marr 1971; Liddle 1997; 

Körner 1999).  

 

There are a number of factors that can affect the amount of damage to the environment from  

recreation activities. These include the amount of use, the type of activity, the timing of use 

(season and frequency) and the resilience of the disturbed environment (Liddle 1997; Newsome 

et al. 2002a; Cole 2004). Changes in one or more of these factors will result in different amounts 

of damage. Understanding the relationships between recreation activities and these factors, 

especially amount of use, is essential in avoiding degradation to the environment. This is 

discussed at greater length in Chapter 2. 
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1.5 MOUNTAIN PROTECTED AREAS IN AUSTRALIA: THE 
AUSTRALIAN ALPS NATIONAL PARKS 

 

The highest mountains and some of the largest alpine and subalpine areas in Australia occur in 

the Australian Alps of which covers over 1.5 million hectares (Figure 1.1; AALC 1998). The 

Australian Alps are located in the south east of Australia and form the southern end of the Great 

Dividing Range, stretching from the Australian Capital Territory through New South Wales 

(NSW) and into Victoria. They are composed of six national parks, two nature reserves and one 

wilderness area. While the Australian Alps only represent 0.19% of the Australian continent, the 

area has high conservation value due to its unique ecosystems and the opportunities that it 

provides for water supplies, energy production, recreation and nature preservation (Costin 1989). 
 

As a result of their evolution and climatic factors, the Australian Alps differ from mountains 

found elsewhere in the world (Wardle 1989; Kirkpatrick 2003). They are located in an area that is 

tectonically inactive unlike mountain regions such as the Himalayas, Andes and New Zealand 

Alps, which remain tectonically active. Many of these other mountain environments are 

dominated by sharp peaks and crags often with little depth of soil. In contrast, the Australian 

Alps are more rounded with deep, well developed soils covering all but the most exposed and 

rocky areas (Good 1992a). This is largely a result of the relatively limited glaciation during the 

Pleistocene period and the deposition of aeolian dust from the late Pleistocene to the present 

(Galloway 1989; Johnston 2001; Kirkpatrick 2003; Costin et al. 2004). 
 

The deeply developed soils have allowed for an almost continuous cover of vegetation to grow. 

There are more than 170 different plant communities in the Alps, with woodlands and forests 

dominated by a range of species of Eucalyptus (Costin 1989; Kirkpatrick 1994). Many species and 

communities within the Australian Alps do not occur elsewhere with particularly high levels of 

plant species endemism in the alpine areas of Kosciuszko National Park (Kirkpatrick 2003; 

Costin et al. 2000). 
 

Over the last 200 years, the Australian Alps have been subject to a range of environmental 

pressures resulting from human use. Grazing for example, has been a major cause of damage 

with cattle damaging vegetation, soils and water quality (Costin 1958; Wahren et al. 1994; Good 

1996; Williams et al. 1997). This has resulted in grazing being excluded from all alpine areas 

within the Alps (Good 1992a; DSE 2005). Establishment of hydro-electric schemes within the 

Australian Alps has also resulted in substantial impacts and changes to the area (Costin 1958; 

Good 1992a).  
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Figure 1.1: Location of the Australian Alps National Parks (AALC 1998). 

 

Of increasing concern for the conservation of the Australian Alps is the impacts of tourism and 

recreational use. There has been some research on impacts associated with recreation activities 

with damage to vegetation, soils and hydrology all having been reported (Edwards 1977; Keane et 

al. 1979; Hardie 1993; Harris 1993; Virtanen 1993; Byrne 1997; Growcock 1999; Arkle 2000; 

Scherrer & Pickering 2001; Scherrer 2003; Kelly et al. 2003; Pickering et al. 2003). Little of this 

research however, has quantitatively examined the relationship between specific levels of 

recreation use and the intensity of damage. There is a need to undertake such research as 

determining thresholds of use before significant damage occurs is essential for appropriately 

managing these areas. 

 

Understanding the relationship between recreational use and damage to the environment is of 

value in the Australian Alps as visitation to these areas has been increasing. Ad hoc visitor surveys 

since the 1970s have identified this increase with estimates suggesting that visitation more than 

doubled in the Kosciuszko alpine area between the late 1970’s and the early 1990’s (Worboys 

1978; Virtanen 1993).  
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1.6 RESEARCH QUESTIONS 
 

This thesis examines the relationship between level of use and degree of disturbance in Australian 

high elevation vegetation communities and addresses the questions: 

(1) What is the relationship between use and disturbance? 

(2) Is there a primary use threshold before significant damage occurs? 

(3) Is there a secondary use threshold after which increased use results in limited additional 

damage? 

(4) Do different vegetation parameters have different use thresholds? 

(5) Are vegetation parameters suitable for monitoring recreation impacts? 

(6) Is the form of the relationship between use and damage similar for different activities, 

and if thresholds occur, do they vary among activities? 

(7) Is the form of the relationship between use and damage similar among different plant 

communities, and if thresholds occur, do they vary among plant communities? 

 

In order to address these questions, the damage caused by use in three major vegetation 

communities (tall alpine herbfields, subalpine grasslands and valley bogs) within the largest 

protected area in the Australian Alps, Kosciuszko National Park, was examined. Visitor use levels 

and types of recreation activities in the alpine area were first examined using a survey approach. 

Experimental methodologies were then used to quantify the relationship between use and 

damage to vegetation and soils for trampling and camping activities. Specific questions addressed 

include:  

(1) What are the visitor numbers, demographics, activities and patterns of visitation to the 

Kosciuszko alpine area and have they changed over time (Chapter 4)? 

(2) What is the relationship between levels of use and damage from camping in undisturbed 

alpine and subalpine vegetation communities and does this vary between tent and 

activity areas (Chapters 5)? 

(3) What is the relationship between levels of use and damage from trampling in the 

undisturbed alpine and subalpine vegetation communities when trampled once?  Are 

thresholds and/or the relationship altered when trampling is repeated in the following 

year (Chapters 6)? 

(4) Does the relationship between use and damage from trampling change for plant 

communities following large-scale disturbances such as bushfire and do natural 

processes during the following year of recovery eclipse any recreation impacts (Chapters 

7 and 8)? 
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(5) Based on the data obtained, what recommendations can be made to minimise impacts of 

trampling and camping in high altitude sites in the Australian Alps (Chapters 4, 5, 6, 7, 8 

and 9)? 

 

Trampling and camping activities were examined in this thesis as they have been recognised as 

two major non-winter activities within Kosciuszko National Park and in other mountain 

protected areas around the world (Cole 2004; Johnston & Growcock 2005).  This is discussed in 

greater length in Chapters 2, 3 and 4. 

 

The results of this thesis will: (1) contribute to recreational ecology theory by testing the 

relationship between use and damage; (2) determine if the relationship varies with important 

factors such as activity, parameters measured, and among plant communities; and (3) provide 

detailed information on visitor use levels and impacts for a protected area that is both popular 

and of high conservation value. 

 

1.7 STRUCTURE OF THIS THESIS 
 

This thesis is comprised of nine chapters and follows a standard structure with a literature review 

(Chapter 2), site description (Chapter 3), results chapters (4-8), and a final discussion (Chapter 9). 

This chapter, Chapter 1, has provided a short introduction to protected areas including those in 

mountains and provided background information on the Australian Alps. The research questions 

for this thesis were also posed. 

 

Chapter 2 reviews relevant recreation ecology theory and methods that underpin the research 

presented in the thesis.  

 

Chapter 3 introduces the study area, Kosciuszko National Park, and reviews the major vegetation 

communities and soils in the area. The history of tourism and recreation as well as fire within the 

Park is also discussed.  

 

Chapter 4 presents the results of a visitor monitoring program undertaken within the Kosciuszko 

alpine area during the 1999/2000 non-winter period. These results are discussed with reference 

to previous surveys within the area. It provides the context as to why research into the impacts 

and thresholds of specific recreation activities is necessary. 
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Chapter 5 examines the results of experimental camping trials that were undertaken within the tall 

alpine herbfield and subalpine grassland communities of Kosciuszko National Park. The impact 

on vegetation height and cover of short-term camping (one and three nights camping) by four 

people is examined. 

 

Chapter 6 reports and discusses the results of experimental trampling trials in tall alpine herbfield, 

subalpine grassland and valley bog communities in Kosciuszko National Park. The impacts of 

trampling on vegetation height, cover and composition is examined for each community for 

trampling at one time (all three communities) and then for repeat trampling at the same sites a 

year later (for tall alpine herbfield and subalpine grassland communities only). 

 

Chapters 7 and 8 examine the impact of experimental trampling on subalpine grasslands that were 

recovering from landscape level bushfires. Results are reported for trials undertaken six weeks 

after the fires (Chapter 7) and 12 months after the fires (Chapter 8), and examine impacts on 

both soils and recovering vegetation. 

 

Chapter 9 provides an overall discussion for the results reported in the thesis, re-examines the 

relationship between amount of use and damage, discusses the value of each parameter examined 

for change and how interpreting the condition of the environment can assist in appropriate 

management. Recommendations are made for managing camping and bushwalking within the 

area and issues for further research into recreational impacts within the Australian Alps are 

suggested. 

 

To allow Chapters 4 – 8 to be read as stand alone studies, there is some minor repetition between 

the introduction sections of each chapter and the introductory chapters (1 – 3). 
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CHAPTER 2  RECREATION ECOLOGY 
 

 

2.1 INTRODUCTION 
 

Managers of national parks are often faced with the contradictory management goals of 

conserving the natural environment while also providing opportunities for recreational use 

(Worboys et al. 2005). The balance however, is rarely maintained. Recreational use of protected 

areas inevitably has negative impacts on the environment (Cole 1994; Leung & Marion 2000; 

Newsome et al. 2002a). Although the consequences of these impacts may not be as great as those 

from natural events such as bushfire or past types of human land use in parks such as grazing, 

they are of concern at a local scale where impacts can be severe (Cole 1981). Both direct and 

indirect impacts from recreational use of protected areas are widespread and are becoming a 

concern as visitor numbers continue to increase in parks around the world (Monz 2000).  

 

Recreation ecology is the scientific study of the effect of recreation on the environment (Leung & 

Marion 1996). In the broadest context, recreation ecology is the study of how people undertaking 

recreation activities interact with the environment. More specifically, it is the examination, 

assessment and monitoring of visitor impacts and considers their relationship to factors such as 

environmental condition and vegetation resistance and resilience (Leung & Marion 1996, 2000). 

As visitor numbers to protected areas continue to increase, so has interest in recreation ecology 

(Liddle 1997; Newsome et al. 2002a).  

 

Studies into the impacts of recreation activities in protected areas are important as they can 

indicate how successful protected area managers are in achieving a balance between conservation 

and recreation. Such research can provide information on ecosystem thresholds and recovery 

rates and thus suggest levels of acceptable use. Recreation ecology can also be of value in 

determining the success of restoration and rehabilitation programs when damage has already 

occurred (Leung & Marion 2000; Marion 2001). 

 

This chapter reviews the damage that can occur to major environmental components such as 

vegetation, soil, water and wildlife from recreation and describes some of the methods that are 

commonly used to measure disturbance. An existing model examining the relationship between 

recreational use and the amount of damage is then considered with an alternative to this model  

proposed. An approach to measuring environmental function and condition is also discussed.  
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2.2 RECREATION AND THE ENVIRONMENT 
 

Recreation in protected areas encompasses a broad range of activities from bushwalking and 

camping to sightseeing and photography. The impacts from these activities can be direct (ie. 

trampling of vegetation will reduce the amount of plant cover due to abrasion by boots) or 

indirect (ie. compaction of soils can reduce plant growth as water infiltration rates become 

reduced) (Liddle 1997; Newsome et al. 2002a). Of these impacts, the most important are those 

that: (1) affect a large area; (2) are intense; (3) are long lasting; (4) effect areas that are 

irreplaceable (in terms of ecosystem function); and/or (5) affect ecosystems/communities/ 

species that are rare (Cole & Landres 1996). 

 

Recreation activities can affect many components of the environment including soil, vegetation, 

water and wildlife (Liddle 1997; Hammitt & Cole 1998; Cole 1999; Leung & Marion 2000; 

Newsome et al. 2002a). While the effect of recreation on each of these components can be 

discussed separately, they are interrelated. An intact vegetation cover for example, minimises 

compaction and erosion of soils while conversely compaction of soils can restrict further 

vegetation growth. As such, a single activity can cause multiple impacts and one impact may 

exacerbate others, causing changes to the entire system (Hammitt & Cole 1998). Some of the 

relationships between major environmental components are outlined in Figure 2.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Relationships among major environmental components that can be affected by 
recreational activities (adapted from Hammitt & Cole 1998). 
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While there are a number of indicators that can be used to identify degradation to the 

environment, changes to vegetation and soil parameters are often assessed because: (1) they are 

important for long term ecosystem function; (2) they can be easily identified; (3) they can be 

consistently re-sampled; and (4) they can be slow to recover to pre-disturbance conditions once 

altered (Hart 1982; Stohlgren & Parsons 1986; Cole 1987; Liddle 1997; Hammitt & Cole 1998; 

Sun & Walsh 1998; Leung & Marion 2000; Newsome et al. 2002a; Cole & Monz 2002, 2004). As 

such, this review will mainly focus on vegetation and soils in terms of how they are affected by 

recreation activities and how impacts are measured. 

 

2.3 VEGETATION  

2.3.1 Vegetation parameters for measuring recreation impacts 
 

Change to vegetation is one of the most noticeable impacts of recreation (Liddle 1997; Hammitt 

& Cole 1998). Typically damage is quantified by examining change in vegetation cover, vegetation 

composition, vegetation growth (such as height and biomass) and other more specific factors 

such as tree condition (Liddle 1997). There can be variation in the time it takes for these 

parameters to change in response to disturbance. Alterations to height for example, are 

immediately evident while changes in vegetation cover can take days and weeks (Bayfield 1979; 

Cole & Bayfield 1993; Whinam & Chilcott 1999). 

 

2.3.1.1 Vegetation cover 
 

Measures of vegetation cover are one of the most valuable approaches in measuring change 

through disturbance, as it is a good indicator of vegetation health and stability. Without at least 

60% vegetation and litter cover for example, soils will not be suitably protected from erosion and 

may become unstable (Bryant 1971; Wahren et al. 2001). 

 

Cover is generally defined as “the area covered by the above ground parts of a plant when viewed 

from directly above” (Bullock 1996 p.112). Due to the multiple layering of plants that often 

occurs within a vegetation community, estimates of cover of an area (eg. the sampling quadrat) 

can sum to more than 100%. Cover estimates for individual species can be positively biased 

toward species that have a spreading growth form (Bullock 1996). Damage to vegetation can be 

measured as changes in relative cover (for example comparing measurements over time to an 

initial measure, or to control sites), overlapping cover (summing all cover values for plants found 

in an area and can exceed 100%) and absolute cover (not exceeding 100%). 
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There are a number of approaches that can be used to measure vegetation cover. Visual estimates 

of cover can be made using fixed frames (quadrats) (Bullock 1996) with the size and shape of the 

quadrats varying depending on the vegetation type and the scale of the study. For example, 

quadrats of 0.25m2 to 16m2 are most suitable for grasslands and herbfields while tall shrub 

communities may require 25m2 to 100m2 quadrats. Trees may require quadrat areas larger than 

100m2 (Greig-Smith 1983; Bullock 1996). While there is debate about the appropriate size, shape 

and arrangements of quadrats (Morrison et al. 1995), the use of fixed frames has proven to be a 

valuable way of estimating vegetation cover of and among different vegetation communities and 

areas and over time (Williams & Ashton 1987; Marion & Cole 1996; Whinam & Chilcott 1999; 

Cole & Monz 2002; Roovers et al. 2004). 

 

The point quadrat method can also be used to measure vegetation cover. This approach involves 

recording all vegetation that is touched by the tip of a thin rod that is lowered vertically to the 

ground. The process is repeated multiple times at a site either at random points or systematically 

along a line or grid within a fixed area (Bullock 1996). Depending on the detail required the 

number of points measures may be small and/or far apart, or concentrated in a small area. This 

approach has been used to provide cover and diversity measures within a site and among sites 

over time (Wimbush & Costin 1979b, 1979c; Williams et al. 1997; Hartley 2000; Scherrer 2003). 
 

2.3.1.2 Vegetation composition  
 

Vegetation composition includes assessing growth form, species diversity (richness) and species 

frequency. When examining growth form, four categories commonly used are: graminoids, 

herbaceous plants, shrubs and trees. Each of these lifeforms can respond and recover differently 

to disturbance (Hammitt & Cole 1998). This is discussed further in section 2.7.4. 

 

Species diversity refers to the total number of species found within a site. This can be useful in 

determining major changes over time (such as following a disturbance event) and is often 

reported in conjunction with species frequency. Species frequency can be measured using a 

quadrat method or point quadrat and refers to the proportion of the total number of 

sites/quadrats/sub-quadrats/transects in which a specific species occurred. Frequency can be 

measured as root frequency (such as the number of sub-quadrats/quadrats/transects containing 

the base of the plant) or as shoot frequency (the number of sub-quadrats containing a portion of 

the aerial part of the plant) (Greig-Smith 1983; Morrison et al. 1995). Combined, diversity and 

frequency provide a good characterisation of the vegetation at a site at the time of measurement 

and can be valuable in identifying changes including those that result from recreation activities 

(Cole 1985a; Williams & Ashton 1987; Kuss & Hall 1991; Hammitt & Cole 1998; Wahren et al. 

1999).  
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2.3.1.3 Vegetation growth 
 

The size of plants (height, number of leaves, stems, total biomass etc) and their rate of growth 

can also be used to describe the plant condition, especially following disturbance. Vegetation 

height for example, has been used to characterise damage and recovery for individual plant 

species and vegetation communities. Height has been reported as a good indicator of increasing 

damage during trampling research, with repeat measurements being easily undertaken without 

causing further damage to the environment (Cole 1993; Sun & Liddle 1993b; Monz 2000).  

 

Determination of plant biomass is another method used for estimating the amount of vegetation 

present within an area. This approach requires the collection of above ground plant material with 

samples then oven dried and weighed. While this can provide a very objective measure of 

vegetation cover and size, it is less commonly used as it is destructive and can be time consuming 

(Hammitt & Cole 1998). 

 

2.3.1.4 Tree condition  
 

Level of damage to trees has been a commonly used indicator of level of use within campsites as 

the impacts to trees are often long lasting and clearly evident (Hammitt & Cole 1998). In most 

cases, damage is measured by the number and severity of cuts and scars on trees. The number of 

seedlings occurring within a site and the amount of root exposure can also be considered in 

regard to tree condition with soil compaction and soil loss often associated with reduced 

seedlings and increased root exposure (Cole 1983, 1986a; McEwan et al. 1996; Marion & 

Leung 1997). 

 

2.3.2 Direct and indirect impacts to vegetation 
 

Impacts upon vegetation can be both direct and indirect. Vegetation can be crushed, bruised, 

sheared off and uprooted through the direct action of trampling. This may cause reductions in 

biomass, height and cover (McEwan & Cole 1997; Cole 1999). While damage can be immediately 

apparent, additional damage to vegetation may only be apparent days, weeks or even years later 

(Bayfield 1979; Cole & Bayfield 1993; Whinam & Chilcott 1999). For example, an immediate 

reduction in the height of grasses from trampling may affect subsequent growth and seed 

production resulting in changes in cover that may only be apparent weeks, months or years later. 

 

Direct impacts may also be exacerbated by indirect impacts (Hammitt & Cole 1998). For 

example, the addition of nutrients from human waste disposal (such as urine and faecal material) 
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by bushwalkers and campers can result in a change to species composition due to competitive 

displacement. This can create feedbacks for continuing change and also benefit weed species, 

leading to changes in vegetation communities (Bowman & Steltzer 1998). 

 

Soil compaction can be a direct result of many recreation activities but can have indirect impacts 

through affecting its capacity to support vegetation due to reductions in the number of soil 

macro-pores. This can limit air and water movements within the soil leading to restrictions in the 

growth of roots and consequently affect underground carbohydrate reserves (Bogucki et al. 1975; 

Price 1985; Hammitt & Cole 1998; Alessa & Earnhart 1999). Increased compaction will also 

change surface water movements and increase the potential for erosion to occur. 

 

Changes in germination rates can occur as an indirect result of soil compaction. In a natural 

environment, seedlings usually have protection from disturbances as a result of uneven ground 

surfaces with this assisting in seed establishment and subsequent growth (Harper et al. 1965; Sun 

1990). After trampling however, the surface may become smoother with compaction making 

root penetration and subsequent seedling growth more difficult. Loss of organic matter may also 

affect temperature regimes making seedling growth more difficult (Harper et al. 1965). 

 

Recreation can also have compounding impacts upon the environment. Reduction in vegetation 

cover, increased nutrients and damage to soil associated with recreation activities can all directly 

favour weed species (Mallen 1986; Marion et al. 1986). Increased diversity and abundance of 

weeds can then have further effects, with weeds out-competing native species for resources, 

altering edaphic processes and changing hydrological cycles and fire regimes (Usher 1988).  

 

2.3.3 Responding to disturbance 
 

There are a large number of studies that have examined the responses of vegetation to 

disturbance, especially in regard to trampling and camping activities (Chappell et al. 1971; Bayfield 

1979; Cole 1985a; Sun 1990; Kuss & Hall 1991; Cole & Bayfield 1993; Cole 1995a; Liddle 1997;  

Cole & Monz 2002; Monz 2002; Whinam & Chilcott 2003). When considering the results, three 

terms have often been used to express the response of vegetation: resistance, resilience and tolerance.  

 

Resistance is defined as the relative ability of individual plant species to withstand disturbances 

before being damaged (Kuss & Hall 1991; Cole & Bayfield 1993; Cole 1995a; Yorks et al. 1997). 

Resistance to trampling can be measured through experimental applications of different 

intensities of trampling to identify the amount of damage from specific levels of use (Cole & 

Bayfield 1993; Monz 2000; Whinam & Chilcott 2003). Resilience, is the relative capacity of a plant 
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species to recover after disturbance (Kuss and Hall 1991; Yorks et al. 1997). To measure plant 

resilience after trampling, experimental trials can once again be used to determine how long the 

vegetation takes to return to pre trampling levels or be the same as controls. Tolerance refers to the 

relative ability of vegetation species to withstand a cycle of disturbance and recovery and is often 

used to describe the long term effects of camping and trampling. It combines both the resistance 

and resilience of plants and simply refers to the outcome in regards to the vegetation (Cole 

1995b; Liddle 1997). 
 

The relative resistance, resilience and tolerance levels of vegetation communities to disturbance 

provides a baseline for identifying plant communities that may be better suited for recreational 

use than others. There are a number of characteristics and approaches that influence a plant’s 

resistance and resilience to damage. These include (1) morphology (including plant size); (2) 

anatomy; and (3) life cycle (Liddle 1991, 1997). 

 

Morphology is important in minimising damage from disturbance with the location of the 

vegetative bud affecting a plant’s resistances to disturbance. Generally, the more protected the 

bud is from disturbance, either by uneven ground, burial or protective structures, the more likely 

it the plant will survive (Liddle 1988, 1991, 1997). Hence herbs with vegetative buds at the soils 

surface are more likely to be resistant to trampling than woody or herbaceous plants with buds 

above the soil surface but below 25cm. 

 

In addition to bud location, the overall growth form of a plant will affect its resistance to 

disturbance. For example, plants with above ground woody stems tend to be sensitive to 

trampling. Similarly, plants with horizontal stems such as runners tend to be susceptible to 

abrasion and subsequent damage (Liddle 1988). Plants with small thick leaves that form a basal 

rosette however, tend to be more resistant and hence have a better rate of survival (Cole 1987; 

Liddle 1991; Hammitt & Cole 1998). 

 

The anatomy of a plant also affects its response to disturbance. For example, trampling often 

causes vegetation to be bent and damaged as a result of stretching and abrasion. Plants with small 

or thick-walled cells tend to withstand higher levels of disturbance than plants with thin walled 

cells with hollow stems. Plants with flexible strengthening tissues will also offer greater resistance 

to trampling (Liddle 1988). 

 

Finally, the phenology (timing of growth and reproduction) and life history (annual, perennial 

etc) may affect the resistance, resilience and tolerance of individual species to disturbance. Plants 

that can begin seasonal regrowth from below the surface have an advantage, as do plants that can 

reproduce both vegetatively and sexually and/or have a rapid regrowth (Cole 1987).  



 

18 

2.4 SOILS  
 

Soils are a fundamental component of any developed terrestrial ecosystem and consist of four 

major parts: (1) minerals; (2) organic matter (from vegetation breakdown); (3) the soil’s solution 

(water and dissolved substances); and (4) air (occupying interspatial spaces) (Corbett 1969; 

Murphy 2000). Recreational activities such as trampling and camping can affect soils. These 

effects can alter the chemical and physical properties of the soil beginning with the destruction of 

surface organic matter and the compaction of the soil followed by changes in soil moisture and 

infiltration rates, decreased opportunity for vegetation growth and increased potential for soil 

erosion (Hart 1982). Soil biology may also be effected (Zabinski & Gannon 1997) 

 

2.4.1 Organic Matter 
 

The organic matter horizon is important for soil surface protection and water absorption and is 

an essential part of the plant and nutrient cycle of some communities within the Australian Alps 

(Costin et al. 1952; Costin 1954; Good 1992a; Johnston 1998). It includes both the decomposing 

material directly above the mineral soil surface as well as detached plant material such as leaves 

and branches (Liddle 1997). Organic matter is not only an essential part of protecting soils from 

erosion, it is also important for the accumulation of soil organisms and nutrients, protects soils 

from very low and high temperatures and contributes to carbon storage within the soil (Hammitt 

& Cole 1998; Greive 2000). Recreational activities such as trampling can reduce levels of organic 

matter, even after comparatively low levels of use (Cole 1990).  
 

2.4.2 Compaction  
 

Soil compaction is a commonly recorded impact from recreational use (Chappell et al. 1971; Hart 

1982; Cole 1985a; Kuss & Hall 1991; Nadian et al. 1997; Alessa & Earnhart 1999; Leung & 

Marion 2000; Cole 2004). Compaction occurs when the soil is subjected to an external pressure, 

such as trampling, causing particle rearrangement and reductions in the number of macro pores. 

Within an undamaged soil, soil pore space represents about 50% of soil volume with the largest 

amount of pore space in the organic matter horizon and a decreasing amount of pore space with 

increasing soil depth (Chappell et al. 1971; Liddle 1997). With increases in surface compaction 

however, there is a rapid loss of macro pores as particles re-arrange under the pressure. This 

affects the density of the soil and reduces infiltration rates (Hart 1982; Liddle 1997). Though 

macro pore redevelopment has been shown to occur as a result of winter freezing and thawing 

actions, loss of soil macro pores will occur rapidly with even light levels of subsequent 

compaction (Legg & Schneider 1977; Marshall & Holmes 1979). 
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There are two major techniques that can be used to measure the level of soil compaction: 

(1) measuring soil bulk density and (2) use of a soil penetrometer. Soil bulk density measurements 

are a direct measurement of the soil density by measuring the weight to volume ratio of the soil 

(Hammitt & Cole 1998). As such, bulk density values generally increase as compaction occurs.  

Factors that will affect this include soil moisture, which may make soils more susceptible to 

damage when wet, and soil depth, with compaction levels will decreasing with increasing depth 

(Miller et al. 2001). Though a destructive method, the bulk density approach provides specific 

information on soil porosity (and hence compaction). Measurements for a soil in natural 

condition normally range between 1 and 2g/cm2 with 2g/cm2 the upper limit for which root 

penetration can usually occur (Hart 1982; Houghton & Charman 1986). Measurements below 

this range may be an indication of high amounts of organic matter or suggest a highly friable soil. 

Though soils with a thicker organic matter horizon tend to have a greater resistance to impacts 

(Dotzenko et al. 1967; Cole 1985a), once soils are compacted they are slow to recover (Marshall 

& Holmes 1979; Stohlgren & Parsons 1986; Kuss et al. 1990). 

 

A soil penetrometer is an instrument that measures the necessary pressure to drive a known 

length of rod into the ground and as such measures the relative resistance of the soil to vertical 

penetration. The use of a penetrometer is valuable in that it will produce a large number of quick 

results and is non destructive to the soil. The result however, will be strongly dependant upon 

soil moisture and so caution must be used when making comparisons (Liddle 1997; Miller et al. 

2001). 
 

2.4.3 Soil moisture and infiltration 
 

Changes in soil porosity can result in changes in soil moisture through reduced space for water 

percolation (due to a reduction in macro pores) and increased potential for soil water retention 

(with a greater number of micro pores) (Hammitt & Cole 1998). While the ability to retain a 

greater amount of soil water may be useful for vegetation growth, this is balanced by the 

reduction in macro pores, which restricts the amount of infiltration that can occur into the soils. 

As vegetation uses up the available water within the soil, none will be replenished creating long-

term limitations on vegetation growth (Settergren & Cole 1970). 

 

Infiltration is largely governed by the structure of the soil, the nature of surface conditions and 

the existing levels of soil moisture at the surface of the soil (Geeves et al. 2000). As soils will have 

a limited capacity to accept water within their profile,  as water levels increase the supply will 

eventually exceed the rate of absorption and the excess will accumulate over the soil surface. This 

is termed runoff. The reduction in infiltration rates has been suggested as being the most 
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important ecological consequence of compaction due to its ability to affect vegetation growth, 

increase surface runoff and subsequently increase erosion potential (Hart 1982; Hammitt & Cole 

1998; Leung & Marion 2000).  
 

2.4.4 Erosion 
 

Two major types of erosion that are often associated with recreation activities are sheet and gully 

erosion (Cole & Hall 1992; Liddle 1997). Sheet erosion occurs over a larger area than most 

erosion types and is the removal of a relatively uniform layer of soil from the land surface due to 

runoff. This kind of erosion can occur in intensive use campsites due to soil compaction  

(Hammitt & Cole 1998). It is also of concern where vegetation has been removed from an area 

by natural events such as bushfires (Good 1973; Smith 2003; Growcock et al. 2004). 

 

Gully erosion can occur as a result of recreation activities, such as along formal and informal 

walking tracks where braiding occurs (as a result of walkers departing the main track). Trampling 

can cause linear losses of vegetation and subsequent soil exposure, focussing water along a single 

transect and accelerating soil loss. Horse riding can cause similar and often more intense impacts 

with horse hoofs displacing the soil and exacerbating damage (Whinam & Comfort 1996; Phillips 

& Newsome 2002; Newsome et al. 2004). 
 

2.5 WATER 
 

Water quality may also be affected by recreation activities, however unlike impacts to soils and 

vegetation the impacts to water are often not immediately obvious. Impacts can be physical, 

chemical or biological (bacterial or pathogenic) and include alterations to: (1) nutrients; 

(2) turbidity (suspended solids); (3) dissolved oxygen content; (4) temperature and flow rate; 

(5) pH; (6) bacteria and pathogen levels; (7) dissolved solids; and (8) clarity (Kuss et al. 1990). 

Many of these are interlinked. The addition of sediments and nutrients to a water body occurs 

naturally as a result of runoff and soil erosion (Newman 1954). Human and animal wastes 

however, are often the major source of nutrients entering water bodies as a result of recreational 

use. This contamination can increase the potential for eutrophication within the water, which will 

affect both aquatic flora and fauna (Kuss et al. 1990; Hammitt & Cole 1998). 

 

While the impacts of nutrient addition are minimised in moving water such as streams, standing 

water bodies tend to respond to even small additions of nutrients (Hammitt and Cole 1998). 

Within the Australian Alps for example, human waste from people camping or staying in huts 

were found to be contaminating glacial lakes. Camping was subsequently restricted from these 

areas (Cullen & Norris 1989; Virtanen 1993).  
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Water quality is directly affected by the levels of bacteria and pathogens. Contamination of a 

water supply by bacteria through improper waste disposal by recreationalists use can lead to 

human health problems (Christenssen et al. 1978; Cilimburg et al. 2000). This is of concern in 

backcountry camping areas where the protozoan Giardia lamblia is increasingly found in 

associated water bodies (Cilimburg et al. 2000). Surface runoff entering into a water body may 

transport bacteria and pathogens, especially if a high use recreation site is nearby (Christenssen et 

al. 1978). 

 

2.6 WILDLIFE 
 

Recreation activities can affect wildlife in a number of ways including changing animal 

physiology, behaviour, reproduction, population levels and species composition and diversity. 

These impacts are the result of four primary actions: (1) exploitation; (2) disturbance; (3) habitat 

modification; and (4) pollution (Knight & Cole 1995a; Knight & Cole 1995b).  

 

Exploitation is the most direct and permanent impact to wildlife from recreation activities and 

includes hunting, fishing and/or trapping. Disturbance of animals is also of concern. While this 

can occur deliberately by feeding, chasing or sheltering animals, it is more commonly an 

unintentional result of an recreational activity. Examples of this include camping in or near 

important feeding or drinking areas and accidentally disturbing bird nesting sites (Cole & Knight 

1990; Hammitt & Cole 1998). 

 

One of the most frequent indirect impacts of recreation activities on wildlife is habitat alteration. 

Common examples include removal of rocks or dead trees and branches from an area as well as 

habitat fragmentation as a result of roads and tracks (Hammitt & Cole 1998). A less obvious 

example is the compaction of snow as a result of skiing activities and the subsequent loss of the 

subnivean space below the snow pack, which is an important movement route for small 

mammals (Sanecki et al. 1999). The loss of habitats can cause undue stress on animals causing 

modifications to behaviour, localised relocation, affect reproduction or even kill individuals 

(Buckley 2004).  

 

Pollution can affect wildlife directly through contaminating food sources and/or habitats 

(Hammitt & Cole 1998; Knight & Cole 1995a). Recreationists may also pollute habitats indirectly. 

For example increased turbidity as a result of runoff, will decrease water quality and may lead to 

the death of fish with fine sediments interfering with gills (Warren 1971). Nutrient influxes can 

result in eutrophication which in turn may reduce aquatic fauna growth and survival (Hammitt & 

Cole 1998). 
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Many effects of recreation activities on wildlife can have long-term consequences, especially 

exploitation. Individual animals may be affected by alterations in their behaviour through learned 

responses or altered vigour and productivity (Knight & Cole 1995a; Knight & Cole 1995b; 

Knight & Temple 1995). Populations may be affected through changes in abundance, 

distribution and demographics while communities may be affected through changes in animal 

species composition and interactions (Hammitt & Cole 1998; Knight & Temple 1995). 

 

2.7 FACTORS AFFECTING RECREATION IMPACTS 

 

One of the most distinctive characteristics of recreation activities is that they often occur within a 

concentrated area (Cole 1981). Within that area, the relationship between use and the amount of 

damage is affected by a number of inter-related factors including:  

• amount of use (includes intensity of use, party size, user distribution); 

• type of use and behaviour; 

• season of use; and 

• environmental characteristics (Liddle 1997; Hammitt & Cole 1998; Leung & Marion 

2000; Newsome et al. 2002a). 

 

2.7.1 Relationship between use and impacts 
 

Increasing the amount of use within an area can result in more damage (Cole 1987; 2004). 

However, the form of the relationship between the amount of use and level of damage to 

vegetation is unclear. 

 

2.7.1.1 The existing model 
 

A model discussed by Cole (1987, 2004) suggests that the relationship between amount of 

recreational use and the impact on vegetation is curvilinear (asymptotic; Figure 2.2) with an 

inflection point (or threshold) occurring at the point were substantial impacts have already 

occurred. Any increase in use above this threshold will result in minimal additional damage to 

vegetation as new conditions have been reached. For example, when assessing the impact of 

trampling on vegetation, relatively low levels of use may cause severe impacts while high levels of 

use may not cause any additional changes to vegetation once species with low resistance have 

been replaced with species of high resistance (ie. a change in vegetation to a trampling flora; 

Liddle 1997; Cole 2004). 



 

23 

 

 

 

 

 

 

 

 

 

Figure 2.2: The relationship between frequency of use and amount of disturbance (Cole 1987, 
2004). 

 

Two generalisations have been made in developing this model. The first is that initial users of a 

site are likely to cause the greatest proportion of impact to the environment, especially to 

vegetation (Hammitt & Cole; Cole 2004). The second generalisation is that as the frequency of 

use of an area increases, there is proportionally less impact (Hammitt & Cole 1998). While the 

gradient of this curve will decrease as vegetation resistance increases, the general relationship 

between use and damage remains the same (Cole 1995b; Cole & Monz 2002).  

 

This model underpins management strategies such as concentrating use, where the total amount 

of damage to any area can be minimised by restricting use to as small a number of sites (for 

camping) or as few paths (for trampling) as possible (Cole 2004). Several trampling studies have 

measured the level of use above which there is minimal additional damage to vegetation (Kuss & 

Hall 1991; Cole 1993; Sun & Liddle 1993a; Cole & Monz 2002; Whinam & Chilcott 2003; Cole & 

Monz 2004). 

 

2.7.1.2 A different model? 
 

It is proposed in this thesis that the form of the relationship between recreational use and 

damage to vegetation varies and may be logistic rather than curvilinear. Instead of relatively low 

levels of use having a large impact as suggested by a curvilinear relationship (Cole 1987; 2004), it 

may be that there are low levels of use that do not cause significant damage to vegetation. This 

logistic model assumes that there may be two threshold points required to describe the 

relationship between intensity of use and level of damage: a primary threshold identifying the 

maximum amount of use before significant disturbance occurs; and a secondary threshold at 

which a new state or vegetation condition has been reached as a result of excessive use (Figure 

2.3).  
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Figure 2.3: The proposed relationship between frequency of use and amount of disturbance 
assuming two threshold points. 

 

The presence of this lower threshold is implicit in management strategies involving dispersed use 

of an area. Experimental evidence for a primary threshold comes from studies that have found 

that some vegetation communities have high resistance: that is an ability to tolerate some level of 

use without damage (Cole 1993; Monz 2002; Whinam & Chilcott 2003).  

 

It is likely that the level of use at which these thresholds may occur would differ among 

vegetation parameters. For example, vegetation height is often affected by trampling before 

changes in vegetation cover or composition (Cole & Bayfield 1993). There could, therefore, be a 

hierarchy in both primary and secondary thresholds among parameters (Figure 2.4). A low level 

of trampling may not cause any damage to a vegetation community while slightly higher 

intensities of trampling may start to damage branches on shrubs and flowering heads of herbs. 

This may result in a decrease in the average height of the vegetation community (primary 

threshold is reached for vegetation height). Continued use might then cause further damage to 

some taxa with low resistance (such as shrubs) and result in changes to vegetation cover 

(eg. increased dead material), and/or in composition (loss of taxa with low resistance, but 

possible increases in taxa with high resilience). At even higher levels of use, the damage to 

vegetation may result in the soil exposure. At this point increasing trampling may not cause 

additional reduction in vegetation height as the remaining vegetation is compacted or lost. Once 

soil is exposed, further trampling may increase soil erosion until rock (in some cases bedrock) is 

exposed.  

 

In the above example, the secondary threshold for vegetation cover may occur when all 

vegetation is lost while for soils it may occur once large areas of bedrock are exposed. 

Communities may vary in each threshold depending on the resistance of the environment. Wet 

sites such as bogs or those with brittle shrubs such as some heaths are likely to have low or no 

primary threshold with damage occurring after low use levels. Communities with more resistant 

vegetation, such as grasslands, are likely to have higher primary and secondary thresholds. 
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Figure 2.4: The hierarchy among environmental parameters with changing amounts of use. 

 

The difference between the two models is important as it can determine if the appropriate 

management strategy at a site should be concentrated or dispersed use. While either of these 

models may be applicable for impacts occurring to soils and vegetation, they may not be valid for 

a range of impacts on water or wildlife. For example, for water resources, the amount of impact 

is largely dependant upon the particular variable being assessed, the dilution availability (the size 

of the water body or flow rate), the time of residence and the nature of the particular impact or 

pollutant (Kuss et al. 1990). In regards to wildlife, there has been no broad scale relationship 

identified with amount of use (Kuss et al. 1990). 
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2.7.2 Type of use and behaviour 
 

Some recreational activities are likely to cause more environmental damage than other activities. 

This is a result of the nature of each activity: whether the activity is passive or active,  intensive or 

extensive, concentrated or dispersed (Kuss et al. 1990). For example, recreation activities that 

have greatest physical contact with the environment tend to cause the most damage to vegetation 

and soils. Horse riding for example, can have a greater impact along tracked and non tracked 

areas than bushwalking (Whinam et al. 1994; Whinam & Comfort 1996; Cole & Spildie 1998; 

Phillips & Newsome 2002; Newsome et al. 2002b). Damage to campsites used by horse riders 

also differ from impacts at campsites used principally by bushwalkers with greater damage to 

trees, larger reductions in vegetative cover, increased compaction of soil, exposure of tree roots 

and introduction and spread of weeds (Cole 1983).  

 

The size of a party can also influence the area of damage with larger parties often causing a 

disproportionate amount of damage. For example, at campsites larger groups tend to cause more 

damage (Cole 1989).  

 

Behaviour can affect the intensity of impacts that may occur. Where user groups are aware of 

minimal impact behaviour and practices, impacts may be reduced through careful consideration 

of campsite location or travelling route (Cole 1989). However, where these are ignored or 

unknown, there may be more impacts such as increases in litter, marking of trees and the creation 

of multiple or excessively sized fire rings (McEwan & Cole 1997). 

 

2.7.3 Season of use 
 

The resistance and resilience of vegetation can vary seasonally with this affecting the intensity of 

damage that may occur from a particular activity (Gallet & Rozé 2001). For example winter snow 

cover can protect soils and vegetation from many low intensity recreation impacts such as cross 

country skiing or snow boarding, but snow melt may increase the likelihood of damage to the 

same environment from walking and mountain bike-riding during spring (Keane et al. 1979). 

Further, activities undertaken during times when plants are growing and reproducing, such as in 

spring and early summer, may have more impact than when plants are dormant in winter (Hartley 

2000). Activities during late summer and autumn may also have a long lasting impact, as there is a 

limited opportunity for vegetation to recover before winter (Cole 1994; Hammitt & Cole 1998).  
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2.7.4 Environmental characteristics  
 

Environments vary greatly in their response to recreational activities with some able to tolerate 

substantial recreational use while others can only receive low use before damage occurs (Cole 

1985b). Plant communities dominated by shrubs or located in wet areas for example, have 

frequently been reported as being easily damaged with slow recovery rates that can sometimes 

take several years (Edwards 1977; Cole 1993; Whinam & Chilcott 1999; Monz 2002). 

Communities dominated by grasses and sedges however, have been found to be relatively 

resistant to trampling with damage not occurring until trampling treatments exceed moderate to 

high usage levels (eg. 500 passes over the same area) (Grabherr 1982; Cole 1985a; Whinam & 

Chilcott 2003).  

 

Topographic characteristics can influence the potential for environmental damage. For example, 

slope angle and soil loss are strongly correlated, with trampling on steep slopes having a greater 

potential to cause damage (Leung & Marion 1996). In Tasmania, trampling of 200 passes or more 

on a sloping alpine buttongrass community caused soils to become exposed and accumulate 

downslope (Whinam & Chilcott 2003). This may be particularly concerning in mountain 

environments where frost heave may further loosen the exposed soil with high precipitation and 

winds removing the soil from the site.  

 

Vegetation in different climatic zones respond differently to recreational use. Generally, 

vegetation in high elevation areas are reported as having a lower resistance and resilience to 

disturbance than vegetation in lower elevation areas (Willard & Marr 1971; Bell & Bliss 1973; 

Cole 1987). This can be variable however, as some alpine and subalpine communities have been 

reported as having a relatively high resistance to disturbance (Grabherr 1982; Cole 1993). In a 

study of 16 vegetation types over four mountain regions in the United States for example, alpine 

communities were found to be more resistant to trampling than subalpine and low elevation 

communities due to the dominance of turf forming graminoid species (Cole 1993). Where herb 

and shrub species dominate in the alpine and subalpine areas however, resistance from activities 

such as trampling may be much lower (Bell & Bliss 1973). Resilience in these high elevation areas 

has typically been regarded as being lower than low elevation areas due shorter growing seasons, 

cooler temperatures and more adverse conditions (Willard & Marr 1971; Wardlaw 1979; Liddle 

1997). 
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2.8 ENVIRONMENTAL FUNCTION AND CONDITION 
 

Recreation has been described as having localised but severe impacts to the environment (Cole 

1981). Once damage begins to occurs, environmental function (how the environment operates to 

capture, hold and utilize resouces within the local system) and condition (based on a value 

judgement) will change within the local area of use (Tongway & Ludwig 1997; Figure 2.5). Where 

use levels remain below the point at which damage occurs, the environment will remain fully 

functional with the environment being conserved. Where recreational use begins to cause damage 

however, the system may become disturbed and the local environment will become 

dysfunctional. This environment is being degraded (Figure 2.5). The amount of damage 

occurring as a result of the recreation use will vary along a continuum between conserving and 

degrading (Tongway & Ludwig 1997).  

 

The acceptability of this damage to visitors and protected area managers also exists along a 

continuum. This acceptability can be associated with a value judgement by the land manager and 

will be subject to the management intent and objectives (land use) of the given area (Figure 2.5). 

For example, impacts associated with recreation activities may be more permissable within a 

national park (IUCN category II) than within a nature reserve (IUCN category I) due to the 

management intent of each (see Chapter 1).  

 

Any value judgement associated with recreational use and impacts will also be made within a 

framework of values and constraints. Within a national park for example, some areas may be 

managed to specifically provide for recreation activities, while in other areas conservation will 

have a higher management consideration. In high visitor use areas, site hardening and 

environmental alterations will be acceptable, while in the area managed for conservation such 

changes would not be acceptable as they create modified conditions outside of normal limits. 

Such judgements can vary between different user groups. Visitors to high use areas may judge the 

hardened areas to be acceptable, despite the altered natural conditions, while park managers may 

judge the same environment to be inappropriate (Tongway & Ludwig 1997). Providing 

information on visitor uses and environmental thresholds is valuable in determining acceptable 

management responses along this continuum of environmental condition. 

 

2.9 RESEARCH APPROACHES 
 

There is now an increasing body of research that has considered the impacts of recreational 

activities upon the environment (Cole 1987; Liddle 1997; Hammitt & Cole 1998; Leung & 

Marion 2000; Newsome et al. 2002a; Buckley et al. 2003, 2004 and references there in). In the 
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literature, three main methods are often used to assess the damages caused by recreation: 

• Descriptive studies; 

• Comparisons between disturbed and undisturbed areas; and 

• Before/After/Control/Impact experiments in undisturbed areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5: Representation of how an environment in an intermediate state of function along a 
continuum of conserving to degrading can be assessed to be in varying states of acceptability 
based on value judgements and the landuse intent (Based on Tongway & Ludwig 1997). 

 

2.9.1 Descriptive studies 
 

Descriptive studies provide an estimation of the condition of a particular resource, such as trails 

or campsites, by scoring damage using simplified categorical systems (Marion 1991; Byrne & 

Leahy 1991; Cole & Hall 1992; Hardie 1993; Leung & Marion 1996; Monz 2000). Although not 

as accurate as other methods, they have the advantage of being rapid and are simple to undertake. 
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The results can be used to detect trends between past and present assessments and identify 

changes in the condition of sites before severe or permanent damage occurs. They can also help 

in assigning priorities for maintenance works, evaluating the success of management approaches 

and planning responses for other sites that are similar to monitored sites (Marion & Leung 1997). 

 

In surveys of vegetation and soils in campsites and other popular destinations, a number of 

approaches can be used that vary in precision, reliably, cost and the amount and type of 

information they provide (Frissel 1978; Marion & Leung 1997; Hammitt & Cole 1998). Examples 

include: 

• Photo Point Systems – using photos to visually identify and classify condition changes.  

• Condition Class Systems – relies on descriptive visual criteria of general site conditions 

with sites being assigned a value between one and five. 

• Multiple Parameter Ratings Systems – allows individual parameters to be measured, 

assessed and scaled with all parameters totalled to provide an overall estimate of 

environmental condition. 

 

2.9.2 Comparing disturbed and undisturbed sites 
 

Another common method used when studying impacts from recreation is to compare 

environmental conditions between paired disturbed and undisturbed sites (Leung & Marion 

2000; Buckley 2003). This approach has been used to assess the amount of change that has 

occurred along track areas and at high use camping sites (Grabherr 1982; Hammitt & Cole 1998) 

and has advantages in providing an indication of the level of change compared to the 

surrounding undisturbed environment. However, this approach assumes that the initial condition 

of the disturbed area was similar to the undisturbed area and so care must be taken in choosing 

paired sites. Further, it is also difficult to identify all the causes of damage at a site and so unless 

clear records exist on the history of the site, damage can rarely be attributed to a single cause 

(Cole 1987).  

 

2.9.3 Before, After, Control, Impact experiments (BACI) 
 

A more experimentally rigorous method is to conduct a controlled experiments using a BACI 

(Before, After, Control, Impact) design. In this design, measures of change (vegetation height, 

cover, species composition, soil compaction etc.) are compared between controls and impacted 

sites before and after their use (Cole & Bayfield 1993; Cole 1995b; Buckley 2003). These studies 

can be undertaken through one of two methods. The first method examines impacts that occur 
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“naturally”, such as at new campsites. Measurements are taken before the site opens, then during 

site use and after the site closes to determine the amount of damage associated with specific use.  
 

The second application of a BACI design involves experimental use of a previously undisturbed 

area. This method is increasingly used by recreational ecologist to help describe the relationships 

between environmental damage and different intensities of use (Cole & Bayfield 1993; Cole 

1995b; Whinam et al. 2003) or for comparing impacts of different types of activities such as 

camping, bushwalking and horse riding (Cole 1995b; Cole & Spildie 1998; DeLuca et al. 1998; 

Phillips & Newsome 2002). An experimental BACI design has a number of advantages including 

improving the accuracy and reliably of the information collected and minimising variation due to 

factors other than use (Cole 1987). Further, this method can be used to identify acceptable levels 

of use with relation to both the primary and secondary threshold points (section 2.7.1) (Cole & 

Bayfield 1993). 
 

One problem with this approach is that the experimental manipulation of impact variables does 

not always match that which occurs during “real” use of the site (Cole 1987). For example, under 

a dispersed camping policy, visitors may not return to the same camping site or may spread out 

over a greater area when walking off track. The BACI approach however, does provide 

information that can be used to infer levels of use that have already occurred at other sites and 

can be used to model impacts of different use level scenarios (Cole 1992; Cole & Monz 2004).  
 

2.10 CONCLUSION 
 

Recreation can affect a range of environmental components including vegetation and soils. 

Research assessing the impact of recreation on the environment is important for the conservation 

of protected areas. The impacts can be measured on a range of parameters including vegetation 

cover, composition and height. When assessing the impact of recreation on vegetation and soils, 

four factors need to be considered: (1) amount of use; (2) type of use and behaviour; (3) season 

of use; and (4) environmental characteristics. The amount of use a site receives is important as it 

is theorised that low level use can occur up until a primary threshold point after which increasing 

amounts of use cause substantial damage until a new threshold is reached (the secondary 

threshold). After this secondary threshold is exceeded, increasing use may not result in much 

additional damage to a site. Type and intensity of impacts can vary among different activities and 

so it is important to assess the activities that might cause damage within a given protected area. 

Impacts from camping and trampling for example, have often been identified as activities that 

can cause damage, especially in mountain environments. Environmental characteristics are also 

important with mountain areas potentially having lower resistance to disturbance than more 

amenable environments.  
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There is limited information assessing the impacts of major recreation activities such as camping 

and trampling within Australia’s high country including the Australian Alps (NSW NPWS 2004). 

As such, it is important to undertake research that determines what the major recreation activities 

are within these areas, determine their levels of use and examines how major vegetation 

communities are responding to these activities. Such information will assist in balancing the 

needs for environmental conservation and recreational use.  

 

In order to provide a context for the experimental research undertaken in this thesis, the 

following chapter provides a review of the area used within this study, Kosciuszko National Park.  
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CHAPTER 3 KOSCIUSZKO NATIONAL PARK 

 
 

3.1 INTRODUCTION 
 

Kosciuszko National Park is the largest of the protected areas in the Australian Alps covering 

690 411 hectares from the south east border of the Australian Capital Territory to the north east 

border of Victoria (Good 1992b; ISC 2004). The Park can be divided into four 

floristic/elevational zones: alpine (>1860 m); subalpine (1500 – 1800 m); montane 

(800 - 1500 m) and tablelands (300 – 800 m). There is approximately 2 500 km2 of snow country, 

about 10% of which is truly alpine with the largest contiguous alpine area in Australia (100 km2) 

around Mt Kosciuszko, continental Australia’s highest mountain (2228 m) (Costin et al. 2000). 

 

Kosciuszko National Park is of both national and international significance (Mosely 1992; ISC 

2004). The alpine area around Mt Kosciuszko has been recognised for its ‘outstanding natural 

value’ by the 1982 Kosciuszko National Park Plan of Management and is considered to greatly 

contribute to the Park’s potential World Heritage Status (Mosely 1992; Costin et al. 2000). It is 

also a World Biosphere Reserve under the UNESCO Man and the Biosphere Program while the 

World Conservation Monitoring Centre recognises the Park as one of 167 centres of biodiversity 

worldwide (ISC 2004). 

 

3.2 ENVIRONMENTAL, CULTURAL AND ECONOMIC 
VALUES  

 

Kosciuszko National Park has important environmental, cultural and economic values. Some of 

these environmental values include: continental Australia’s highest point (Mt Kosciuszko, 

2228 m); Australia’s best representation of past glacial activities in the form of glacial cirques and 

moraines (Galloway 1989); high diversity with 377 native plant species found above 1500 metres, 

31 of which are endemic and at least 33 rare (Good 1992a; Costin et al. 2000; Johnston & 

Pickering 2001a); a distinctive assemblage of vegetation communities (Costin et al. 2004); soils 

that differ from alpine areas elsewhere in the world due to their level of development and organic 

matter component (Costin 1955; Good 1992b; Costin et al. 2004); 13 vertebrate taxa that are 

listed as threatened or near threatened by the World Conservation Union (IUCN) (Mansergh et 

al. 2004); and great wilderness values and scenic beauty (Scherrer 2003; Kirkpatrick 2004).  
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Figure 3.1: Location of Kosciuszko National Park. 

 

The cultural heritage of the Park has been shaped by the environment, with the harsh climate and 

remoteness of the area limiting Aboriginal and early European settlement (Sullivan & Lennon 

2004). There is evidence of Aboriginal use of the Kosciuszko area from 4000 – 5000 years ago 

with groups annually converging on the area to feast on Bogong moths and other seasonal food 

sources (Good 1992b). Aboriginal people also have a continuing connection with the natural 

environment in the Park with many areas being of social significance for these communities 

(Sullivan & Lennon 2004). More recent cultural heritage has developed through European 

exploration, the grazing and mining eras, the Snowy Mountains Hydro-electric Scheme and 

tourism. Huts, mine trailings, old fence lines, ski lodges and dams are examples of the enduring 

evidence of these activities (Good 1992b; McDonald 2003; Sullivan & Lennon 2004). 
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Water harvesting, power generation and tourism are currently the three main economic activities 

associated with the Park and surrounding region (Young 2004). At any one time, the Snowy 

Mountains Hydro-electric Scheme has the capacity to produce up to 16% of the total power 

requirements for the eastern mainland power grid of Australia and currently provides over 70% 

of the renewable energy within the grid (Snowyhydro 2005). The Scheme has also played a vital 

role in the growth and the development of the national economy, by diverting water inland to 

support more than $3 billion in agricultural produce (Snowyhydro 2005). Tourism is also 

important in the Park with total expenditure by visitors in 2001 estimated to be over $110 

million. Accommodation was the largest component expenditure by these visitors (approximately 

$28 million) (Mules 2004). 

 

3.3 ECOLOGICAL RESEARCH  
 

A substantial amount of ecological research has been undertaken within the Park, particularly in 

regards to the impact and recovery of grazing, the Snowy Mountains Hydro Electric Scheme and 

natural disturbances such as fire (Costin 1952, 1954, 1955, 1958, 1959, 1970; Costin et al. 1952; 

Costin et al. 1959; Costin et al. 1960; Costin et al. 1964; Costin & Wimbush 1973; Good 1973, 

1982; Wimbush & Costin 1979a, 1979b, 1979c; Wimbush 1983; Banks 1989; Dyring 1990; 

Johnston 1998; Scherrer 2003; Smith 2003; Bear 2004 Pickering & Barry in press). There has not 

been however, extensive research undertaken in the area on the impacts of recreation activities, 

despite the need for such study having been identified since the 1950’s. Recommendations for 

such research have included: 

• Early research in 1955 noted that there was a need to proceed carefully with recreational 

development as any development with disregard to natural processes could lead to 

detrimental results (Costin 1955); 

• Keane et al. (1979) suggested a number of steps that were necessary for improving 

sustainability of recreational use and enjoyment of the area which included increasing 

knowledge on soil and plant community responses to trampling; 

• In the 1982 Kosciusko National Park Plan of Management (NSW NPWS) specific 

recommendations were made for research to be undertaken on identifying use patterns 

and behaviour of various user groups and to quantify the effects of trampling on 

vegetation; 

• In 1993 and 1995 the NSW NPWS made recommendations for improving the methods 

and frequency of visitor monitoring and expressed concerns over needing more 

information on trampling and camping activities due to increasing numbers (Virtanen 

1993; Worboys et al. 1995); and 

• Most recently, the 2004 Draft Kosciuszko National Park Plan of Management noted that 
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research was required to identify: a) acceptable limits of disturbance; b) environmental 

impacts and thresholds associated with visitor use; and c) the number, profile and 

distribution of visitors to the Park (NSW NPWS 2004). 

 

3.4 A HISTORY OF TOURISM AND RECREATION  
 

Tourism has been popular in Kosciuszko National Park for over 100 years. As early as 1906, the 

use of this region for tourism was officially recognised by the NSW government when a reserve 

was established around Mt Kosciuszko for ‘public recreation and preservation of game’ 

(Good 1992b). With increasing visitor use, construction of a road from Jindabyne to Mt 

Kosciuszko commenced in 1906 and was completed in 1909. Numerous huts and hotels were 

also built around this time, mainly to cater for skiing but also for bushwalkers in the summer 

(Worboys & Pickering 2002). 

 

In 1944, the reserve around Mt Kosciuszko was extended by the Kosciusko State Park Act with a 

total of 2 000 km2 protected (Worboys & Pickering 2004). Amendments to this Act during the 

1950s allowed for the development of commercial ski lodges with facilities for downhill skiing 

during the late 1950s. As a result, visitation increased with the number of people to the Park 

exceeding 100 000 for the first time in 1960 (Good 1992b). The state park became a national 

park in 1967 with a greater emphasis placed on conservation (Good 1992b). 

 

Visitor numbers continued to increase during the 1970s with additional commercial skiing 

developments occurring. Visitor numbers during the non-winter months also increased. During 

this time, there was concern over the impact of tourists on the Kosciuszko summit area including 

on the Kosciuszko Road between Charlotte Pass and the Kosciuszko Summit. Kosciuszko Road 

was formally closed at Charlotte Pass in 1982 to all but park management vehicles (Worboys & 

Pickering 2002). From this time on, visitors have generally been restricted to walking or cycling 

to the summit.  

 

Visitor numbers to the Park continued to increase into the new century with up to three million 

visitor nights estimated for the Park each year (Good 1992b; Mules 2004; Worboys & Pickering 

2004). This is discussed further in Chapter 4. There are a number of factors that may have 

contributed to the growth of visitors to the Park including: increase in the Australian population; 

changing community attitudes to the natural environment and passive recreation; improved 

access and facilities; and increased marketing of the Park to all season tourism (Good 1992b; 

Mackay & Nixon 1995; Konig 1998).  
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3.5 CLIMATE 
 

The climate in Kosciuszko National Park is a result of a number of influences including:   

• The passage of circulation systems from west to east over the Australian Alps.  

• Rapid changes in altitude over short distances.  

• The short distance of the Australian Alps from the south-eastern coast of Australia and 

the influence of atmospheric depressions lying off of the coast.  

• The occasional intrusion of moist tropical air masses from northern Australia (Brown & 

Milner 1989; Good 1992b).  
 

Climate defines the alpine and subalpine zones, with temperatures and precipitation affecting 

soils and vegetation. Temperature changes with altitude with each 100 m increase in elevation 

associated with a decreases in temperature of between 0.6ºC and 0.77ºC (Brown and Milner 1989; 

Happold 1998). Corresponding to this change in temperature are changes in vegetation structures 

from woodlands at lower elevations to grasslands and herbfields at higher elevations. In the 

alpine zone, winter temperatures range between -12ºC and 3ºC and average about -5ºC. Summer 

temperatures range from 15ºC to 20ºC rarely exceeding 25ºC (Costin & Wimbush 1973; Good 

1992b). Within the subalpine zone, winter temperatures are on average 0ºC with a diurnal range 

of between 5ºC and 2ºC. Summers have a mean monthly range in the subalpine of 9.6ºC to 12ºC 

(Happold 1998).  
 

Increasing altitude in the Australian Alps results in increased precipitation in the form of rainfall 

and snow, with no decreases above a threshold elevation as occurs in alpine regions in other 

parts of the world (Brown & Milner 1989). This appears to be a result of the relatively low 

elevation of the Australian Alps and the absence of any significant windward barrier such as 

those found in the Himalayas or the coastal ranges of Southern California (Brown & Milner 

1989). Precipitation occurs all year round but is greatest during winter and spring. Average annual 

precipitation for the alpine zone is 1800 – 2300 mm; 1300 – 2000 mm in the subalpine zone; 

500 – 1300 mm in the montane zone; and 500 – 800 mm in the tablelands (Costin 1952; Good 

1992b). Summer droughts have been reported as occurring during 1965, 1972, 1979/1980, 1982 

and 2002 (Good 1982; Scherrer 2003). 
 

3.6 SOILS 
 

The soils of the Park are unique and diverse in their development. While the influence of parent 

material increases with decreasing elevation, climate is the most important factor in the formation 

of the soils with a range of ‘great soil groups’ existing from the alpine zone to the lower montane 

areas (Good 1992a, 1992b). 
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Alpine humus soils are the climatic climax group of the alpine and subalpine zones and are 

common in most areas other than those that are extremely windswept or where the water table is 

at or near the surface (Costin et al. 1952; Costin 1954). The soils have thick matts of decomposed 

organic matter at the surface which acts to contain most of the organic carbon and nutrients in 

the system and the soils have a relatively high water holding capacity. There tends to be no sharp 

boundaries between successive horizons, but rather a gradual merging. Combined, these 

conditions act to support an almost complete vegetative cover (Costin et al. 1952; Costin 1954; 

Good 1992b; Johnston & Ryan 2000).  

 

Peat soils are usually associated within raised bog and valley bog vegetation communities and are 

found in basins, depressions and valley bottom areas where water accumulates all year. These 

soils contain high levels of organic material including decomposed or partially decomposed plant 

materials. They have developed over long periods of time and require low annual temperatures to 

form (Costin 1954; Good 1998). Grazing and bushfires have damaged these soils with vertical 

incision, drainage and desiccation of soils in many bogs (Costin 1954; Growcock & Wright 2005). 

Current climatic conditions are not suitable for the development of these soils (R. Good pers. 

comm. 2005). 

 

Lithosols are very shallow soils found on highly exposed ridges and elevated stony slopes 

throughout the Park. These soils have a lower organic content than alpine humus soils, show no 

differences between horizons, largely consist of angular rock fragments and are highly porous 

(Costin 1954; Gowland & Slattery 1992). 

 

3.7 FLORA AND FAUNA 

3.7.1 Adaptations of flora 
 

Due to average low temperatures, snow cover, extreme temperature fluctuations during the 

summer, high precipitation, frequent frosts and strong winds, the vegetation of the alpine and 

subalpine areas have developed a number of physical adaptations (Gowland & Slattery 1992). 

Many of these adaptations are typical of high elevation vegetation communities around the world 

and include: 

• Small and prostrate growth with rosette plants, tussock grasses and dwarf shrubs being 

common. Small size and prostrate nature allows plants to avoid strong winds, trap heat 

and take advantage of the warmer temperatures close to the soil. For grass tussocks, 

both living and dead leaves provide protection for new growth at the tussock base. Taller 

shrubs have flexible stems to survive under the weight of winter snow covers. 
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• High photosynthesis and respiration rates when light and temperature are favourable. 

Plant growth in alpine and subalpine zones can be slow however, as daily photosynthetic 

periods are shorter and annual growth periods are restricted. 

• Substantial carbohydrate reserves in underground organs allow for rapid mobilisation of 

energy and resources at the end of the winter period. 

• Seed dormancy over winter to protect plants from germinating under unfavourable 

conditions. 

• Early development of root systems in seedlings (Bell and Bliss 1973; Gowland & Slattery 

1992; Williams & Costin 1994; Körner 1999; Costin et al. 2000). 
 

3.7.2 Major vegetation communities 
 

There is a diverse pattern of vegetation communities within Kosciuszko National Park which are 

important in protecting soils against erosion and in assisting the formation of soils. While at a 

broad scale, climate determines vegetation community development and location, at more local 

scales the growth of vegetation depends upon the effects of topography, soil type, nutrient 

availability, drainage and aspect (Brown et al. 1978; Thompson 1981; Ramsay et al. 1986; 

Kirkpatrick & Bridle 1998).  
 

Within the Kosciuszko alpine and subalpine zones a distinctive assemblage of flora is found. In 

total, 377 native plant species are found above 1500 metres, 31 of which are endemic (Good 

1992a; Johnston & Pickering 2001a). These occur in a variety of communities including tall and 

short alpine herbfields, heaths, bogs and fens, windswept feldmarks, subalpine woodlands and 

grasslands.  
 

Tall alpine herbfields are the most widespread community in the alpine zone covering 

approximately 55% of the Kosciuszko alpine area (Costin et al. 1979). They are generally found 

on alpine humus soils which support plant growth through the rapid release and recycling of 

nutrients (Good 1992b). Within this community, the Poa - Celmisia alliance is extensive, occurring 

in most areas that are not excessively wet, exposed to high winds or stony (Plate 3.1; Costin et al. 

2000). With the highest plant diversity of the Kosciuszko alpine communities (120 taxa), 

wildflower displays during the spring and summer in the tall alpine herbfields are spectacular and 

often draw visitors. Once this community is disturbed however (historically by grazing or more 

recently by tourism), it is slow to recover and may leave soils exposed (Wimbush & Costin 1979a; 

Johnston et al. 2003; Scherrer 2003). Dominant genera in tall alpine herbfields include Poa, 

Celmisia, Craspedia, Ranunculus, Chionogentias, Brachycome, Senecio, Trisetum and Carex. Endemics 

include Chionochloa frigida, Gingidia algens, Ranunculus anemoneus, Ranunculus dissectifolius, Euphrasia 

collina subsp. glacialis and Craspedia costiniana (Costin 1954; Good 1992b; Costin et al. 2000). 
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Plate 3.1: The Poa-Celmissia alliance within tall alpine herbfields.  

 

Short alpine herbfields occur on the leeward side of the ridges and are small, specialised 

communities representing only 0.85% of Kosciuszko alpine area (Costin et al. 1979). These 

herbfields tends to be represented by low growing herbs, mosses and liverworts which remain 

covered by snowdrifts during the early months of summer (Good 1992b; Costin et al. 2000). As 

the snow melts, nutrient rich water flows through the herbfields, which contain species such as 

Plantago glacialis, Neopaxia australiasica and Caltha introloba. If these small mat species are disturbed, 

the snowmelts can cause substantial channelling and erosion (Billings & Bliss 1959; Good 1992b; 

Costin et al. 2000). 

 

Windswept feldmarks are another highly specialised community covering less than 0.3% of the 

Kosciuszko alpine area and are generally found in two severe environments: above late-lying 

snowdrifts and on wind exposed ridges (Good 1992b; Costin et al. 1979, 2000). In the late-lying 

snowdrift areas, cold and bare ground dominates with the mat and cushion plants Coprosma 

niphophila and Colobanthus nivicola commonly found. On the exposed ridge areas, the prostrate 

dwarf shrub genera Epacris and the cushion plant Chionohebe densifolia are characteristic. The 

lithosol soils at these sites are moisture stressed, gravely and shallow with a rocky pavement 

usually found at the surface (Costin et al. 2000). 

  

Raised and valley bogs regulate ground water flows and are found along hillside seepages and the 

edges of valleys. Raised bogs are a physiographic climax community and are dominated by 

species such as Sphagnum cristatum, Carex gaudichaudiana, Epacris paludosa, Richea continentis and 

Astelia spp. (Good 1992b; Costin et al. 2000). Wet and acidic soil conditions are required for the 
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formation of raised bogs which in turn contribute to the development of peat soils. Valley bog 

communities have a narrower climatic range than raised bogs and require wetter and more acidic 

conditions to form. These areas are less suitable for shrubs with Sphagnum cristatum and Carex 

gaudichaudiana becoming dominant. In areas that are relatively flat and where water begins to 

pond, fen communities form with Carex species becoming the most dominant vegetation type. 

Deep peat beds can form in fen areas (Good 1992b; Costin et al. 2000). 

 

Heath communities occur under a wide range of conditions. Heaths can be found at sites with 

free drainage such as boulder fields (including glacial remains), disturbed and eroded sites (from 

grazing) and areas with shallow soils. Within these areas, Oxylobium ellipticum and Podocarpus 

lawrencei tend to dominate with Kunzea muelleri and Grevillea australis also frequent. Heaths also 

occur on sites that are damp and have poor drainage, such as surrounding bogs and fens. Epacris 

glacialis and Poa costiniana are usually found in these wetter areas (Good 1992b; Costin et al. 2000). 

 

The subalpine zone of Kosciuszko National Park is dominated by Snow Gum (Eucalyptus 

niphophilia) woodlands. Their growth is limited by a mean summer temperature of around 10ºC 

(which precludes them from the alpine zone) and they frequently have an understory of grasses 

and shrubs such as Bossiaea foliosa (Good 1992b; Keith et al. 1997). Bogs, fens, heaths and 

grasslands are found interspersed within the Snow Gum woodlands (Good 1992b; Costin et al. 

2000). Fires over the last 60 years have had a strong influence on the structural development of 

the woodlands with the majority of trees now having only one structural form (Good 1992b; 

Pickering & Barry in press). These woodlands were further altered in the recent 2003 bushfires 

with more than 70% of the subalpine areas being burnt (Worboys 2003). Over 95% of these 

Snow Gums however, have survived the fire and are regrowing (Pickering & Barry in press). 

 

Subalpine grasslands occur in association with alpine humus and transitional alpine humus soils 

and are often found interspersed between the Snow Gum woodlands, in basin areas and within 

frost hollow areas (Plate 3.2; Costin 1954; Good 1992b; Williams and Costin 1994; Bear 2004). 

Subalpine grasslands are dominated by tussock forming grasses (Poa spp.) with inter-tussock 

areas dominated by a variety of herb species including Asperula gunnii, Aciphylla simplicifolia, 

Craspedia aurantia, Ranunculus graniticola, Microseris lanceolata Geranium antrorsum, Oreomyrrhis eriopoda 

and Stellaria pungens (Leigh et al. 1987; Pickering et al. 2002; Bear 2004; Scherrer et al. 2004). 

Sedges, such as Carex spp., and rushes, such as Empodisma minus, are also very common. Weeds 

are uncommon in the natural subalpine grasslands, however are frequently found where tracks, 

roads or infrastructure have disturbed the community (Bear 2004). 
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Plate 3.2: Subalpine grasslands surrounded by Snow Gums (Eucalyptus niphophilia).  

3.7.3 Fauna 
 

The alpine and subalpine areas of Kosciuszko National Park are home to a number of mammal 

species including several endemics. Perhaps most well known is the mountain pygmy possum 

(Burramys parvus) which is restricted to bolder fields in the alpine and subalpine areas of the 

Australian Alps (Green & Osbourne 1994). Amphibians and reptiles are scarce within the area 

with only seven frog species, two snake species and 11 lizard species found (Green & Osbourne 

1994). There are no bird species confined to the high elevation areas of Kosciuszko National 

Park with approximately 100 species having been recorded within the alpine and subalpine zones 

(Good 1992b). Unlike alpine and subalpine areas in Europe and the Americas, there are no native 

ungulates (hoofed grazers) in Australia. The vegetation within the area reflects this and is not well 

adapted to hard hoofed trampling. 

 

A number of introduced species are also found within the alpine and subalpine regions of the 

Park such as wild horses (Equus caballus), feral pigs (Sus scrofa), hares (Lepus capensis) and foxes 

(Vulpes vulpes) (Green & Osborne 1994). Damage from grazing and foraging is often evident.  

 

3.8 FIRE 
 

Fire has had a major affect on the development and distribution of vegetation communities 

within Kosciuszko National Park (Leaver 2004). Conversely, vegetation communities can also 

influence fire potential with each type having a different susceptibility to burning as they produce 
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fuel at different rates and quantities (Good 1982; Leaver 2004). Climate also affects the potential 

for fire. Where winter precipitation has been high for example, risk may be reduced during the 

subsequent spring and summer months as green growth is plentiful. In a summer season 

preceded by long periods of low precipitation however, there can be a greater risk of fires due to 

increased litter (Leaver 2004). 

 

There have been three distinct periods of fire management in the Park: Aboriginal use; the 

grazing era; and the Park era (Good 1982). While Aboriginals are known to have used fire within 

the alpine areas to help harvest moths, there is little documented evidence that their use of fire 

had a substantial impact in the high elevation areas, though it is possible that some fires may have 

burnt small areas (Good 1982; Sullivan & Lennon 2004). Lightening strikes during drought 

periods are likely to have had a larger impact on fire frequency during this time (Good 1982; 

Leaver 2004). 

 

During the grazing era (1830s to mid 1900s), fires became more frequent as graziers burnt areas 

in spring and autumn to promote palatable grasses and herbs (Leaver 2004). This however, not 

only damaged vegetation, but also resulted in erosion and increased shrub cover in subalpine 

woodland areas as frequent burns favoured species such as Bossiaea foliosa, Daviesia latifolia and 

Oxylobium alpestre (Good 1982).  

 

During the late 1940’s grazing leases started to be phased out to avoid increased siltation in the 

Snowy Mountains Hydro-electric Scheme dams through reduced vegetation cover. Periodic fuel 

reduction burns occurred however, as a means of reducing the number of wildfires and potential 

loss of park assets and infrastructure. This appeared to have actually encouraged shrub 

dominance however, and had little influence on reducing fuels and hence the potential for 

wildfires (Good 1982). Subsequent development of fire management plans have been more 

ecologically based and aimed at excluding fire from most vegetation communities for 15 to >50 

years (Leaver 2004). 

 

Fires in the Park remain a natural event, with landscape level bushfires in 1939, 1965, 1972 and 

most recently in 2003 (Good 1982; Banks 1989; Growcock et al. 2005). Each of these fires 

coincided with periods of prolonged drought (Scherrer et al. 2004). The most recent of these fires 

was the largest in 60 years, with more than 70% of the alpine and subalpine areas of the Park 

being burnt. More than 1.73 million hectares burnt across the Australian Alps at this time 

(Worboys 2003). 
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3.9 CONCLUSION  
 

Kosciuszko National Park is a unique area that has been used for a variety of activities since 

European settlement. Tourism is now one of the largest land uses of the Park with indications of 

continued growth since the mid 1950s through until the early 1990s. With many important 

environmental, cultural and economic values associated with the Park, minimising the amount of 

disturbance caused by tourists will be essential if long term widespread damage is to be avoided. 

The following chapter therefore, examines visitor numbers, group sizes, demographics, activities 

undertaken and length of stay using a survey methodology in the Kosciuszko alpine area. 
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CHAPTER 4 MONITORING VISITOR USE1 
 

 

4.1 INTRODUCTION 
 

Tourism in Australia often occurs in natural areas that have high conservation value (Newsome et 

al. 2002). The natural environment itself may be the attraction, or it may provide the setting for 

some other activity such as bushwalking or camping. Indeed, over the last ten years there has 

been a general increase in visitor use of protected areas around the world including an estimated 

84 million visits to Australian protected areas during 2001-2002 (Worboys et al. 2005). Within 

Australia, visitation to protected areas in NSW is very popular with over 21 million visits 

estimated in 2004 (DEC 2005).  
 

Visitor use of these areas however, can have negative impacts on the environment. As discussed 

in Chapter 2, the type and intensity of the impacts is affected by the type and intensity of the use, 

the time of visit (season and weather influences), party size (large vs. small) and behaviour (use of 

fires or camp stoves) as well as the type of environment (Hammitt & Cole 1998). As one of the 

key purposes of national parks are to provide for the conservation of natural and cultural 

heritage, information relevant to sustainable use is critical for their effective management. 

Understanding visitor use levels and patterns is an important component of this. This chapter 

therefore, reviews existing data for visitor numbers to the Kosciuszko alpine area since the 1970s 

and reports results from a survey during the 1999/2000 summer. This survey was undertaken in 

the Kosciuszko alpine area to identify visitor numbers, group sizes, demographics, activities 

undertaken, destinations and length of stay and provides a “snap shot” of use within the area. 
 

4.1.1 Tourism in Kosciuszko National Park  
 

Kosciuszko National Park is one of the most visited national parks in NSW being within easy 

access of approximately 50% of the Australian population (Good 1992a). Most visitors to the 

Park are domestic tourists with less than 3% of visitors from overseas. Approximately 78% of 

visitors to the region are there for holidays and/or leisure activities (Worboys & Pickering 2004). 

Based on figures from 1998 – 2001, Kosciuszko National Park receives between 861 000 and 

1 001 500 visits per year from tourists with between 2.3 million and 3 million visitor nights per 

year (BTR 2002 in Worboys & Pickering 2004; Mules 2004). 

                                                 
1 This data was collected prior to the commencement of the PhD. The analysis of the data in this chapter was part of 
the PhD and has recently been published through the Sustainable Tourism CRC: see Johnston & Growcock 2005.  
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Visitation to Kosciuszko National Park is greatest during the winter period, with ski resorts a 

popular destination. Down hill skiing is the most popular activity during this time (23.6% of park 

visitors) with snowboarding and cross county skiing also undertaken (8.4% and 5% respectively). 

Approximately 5% of visitors participate in activities away from the ski resorts (Worboys & 

Pickering 2004). In the last 25 years however, non-winter visitation has been increasing with 

approximately 30% of annual visitation to Kosciuszko National Park now occurring during the 

non-winter period (Good 1992b; Virtanen 1993; Worboys & Pickering 2004). Bushwalking 

appears to be the most common activity during this time (57.2% of visitors) while car-based 

touring and sightseeing are also popular (50.2% of visitors) (Worboys & Pickering 2004). 
 

One of the most popular destinations in Kosciuszko National Park during the non-winter period 

is the alpine area surrounding Mt Kosciuszko (continental Australia’s highest mountain). This 

area has been popular for almost 100 years with many visitors wishing to ascend the Kosciuszko 

summit (Good 1992a; Worboys & Pickering 2002). Visitors to the alpine area are also attracted 

by the natural scenery and mass floral displays (Johnston & Growcock 2005).  
 

Previous estimations of visitor numbers to the Kosciuszko alpine area have indicated that 

visitation increased substantially from the late 1970s to the early 1990s. During the non-winter 

period in 1978 (from the middle of October until the end of May), the NSW NPWS estimated 

that approximately 20 000 visitors were accessing the Kosciuszko alpine area (Worboys 1978). In 

1985, surveying estimated that numbers had increased to 36 000 visitors in the Kosciuszko alpine 

area during the non-winter period (Murphy 1985). The most recent estimation prior to this study 

was by the NSW NPWS in the 1990/91 summer. They found that approximately 43 000 visitors 

were accessing the alpine area for at least half a day or more with this last estimate even higher if 

short stay visits were included (Virtanen 1993). 
 

Visitors to the Kosciuszko alpine area undertake a range of activities including walking (on and 

off tracks), camping (often off track), sightseeing, mountain biking, fishing, rock climbing and 

nature studies (Stankey 1986; Virtanen 1993). There is however, limited information on the 

number of visitors undertaking each activity and the temporal patterns of their visitation.  
 

4.1.2 Aims and objectives 
 

In 1997, the New South Wales government developed a Nature Tourism and Recreation Strategy 

which highlighted the need for nature tourism to be ecologically sustainable as well as remaining 

sensitive to the management needs of the protected areas (Worboys 1997). This strategy 

highlighted the importance of collecting visitor data for forecasting future use patterns and to 

ensure ecologically sustainable use.  
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For Kosciuszko National Park there is limited information available on visitor numbers and 

activities outside of resort areas. Most information on visitor numbers is from the sale of park 

entry passes, lift tickets and road counters, either in ski resorts or at entry gates (Worboys & 

Pickering 2004). While this provides estimates of visitation levels, it does not include information 

on user types, demographics or destinations. While a few studies have examined visitor use of the 

alpine area (Ingram 1980; Mackey 1983; Stankey 1986; Virtanen 1993), they were limited by 

resources and thus restricted in the type of information obtained.  

 

In order to provide more recent and comprehensive visitor use data, NSW NPWS with the 

Cooperative Research Centre for Sustainable Tourism (CRC ST), undertook an intensive visitor 

survey during the non-winter period of 1999/2000 in the Kosciuszko alpine area (Johnston & 

Growcock 2005). Although the Kosciuszko alpine area is small (approximately 100 km2), it can 

be used as an indicator for visitor trends for the Park as a whole. Two components of the data 

collected during the survey have already been analysed. Arkle (2000) examined usage patterns and 

impacts at the Kosciuszko summit area itself while McMasters (2000) examined visitor attitudes 

and the effectiveness of the interpretation material provided within the area (mainly signs). 

However, the data collected on visitor numbers, patterns and activities during the survey have 

not previously been analysed. Therefore as part of the research presented in this thesis, these data 

were analysed to determine: (1) total visitor numbers for the non-winter period; (2) visitor 

patterns such as time of visit, length of visit and group size; and (3) the intensity of use of the 

area for specific activities and user types. 

 

4.2 METHODS 

4.2.1 Site location and description 
 

Nearly all access by tourists to the Kosciuszko alpine area during the non-winter period occurs 

through two main access points: Thredbo village and Charlotte Pass (Johnston & Growcock 

2005). Less than 1% of visitors enter the area from Guthega village (Figure 4.1).  

 

Thredbo village is located to the east of the Kosciuszko alpine area and is a year round tourism 

destination providing a range of accommodation, restaurants and shops. Access to the alpine area 

from the village is via the ‘Crackenback chairlift’, which rises almost 600 m over a distance of 

about 3 km from the middle of the village to the edge of the alpine area. From the top of the 

Crackenback chairlift, there are three main walks (Figure 4.1). The “Kosciuszko Walk” is 

approximately 6 km in length and is mostly comprised of a raised metal walkway which ends at 

the base of Mt Kosciuszko. Two common destinations along this walk are the Mt Kosciuszko 

Lookout (approximately 2 km from the top of the Crackenback chairlift) and a lookout to Lake 
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Cootapatamba (approximately 5 km from the top of the Crackenback chairlift). The second walk 

is the 14 km ‘Dead Horse Gap Walk’ that passes through both alpine and subalpine areas before 

finishing at the Thredbo Village (Figure 4.1). The third walk from the top of the Crackenback 

chairlift is ‘Merrits Trail’ which begins at the top of the chairlift and returns to the village below 

meandering among the ski slopes and remnant snow gum woodlands and generally following the 

Crackenback chairlift line. 

 
Figure 4.1: The Kosciuszko alpine area showing main access points( ), main tracks and major 
destinations. 

 

Charlotte Pass is located on the edge of the Kosciuszko alpine area at the end of the Kosciuszko 

Road, 41 km from the town of Jindabyne (which is just outside the Park boundary). From 

Charlotte Pass three main walks can be undertaken (Figure 4.1). The ‘Summit Walk’ is a four 

wheel drive management access trail that finishes at the base of Mt Kosciuszko (approximately 

9 km one way). Departing from Charlotte Pass, the trail finishes at the base of Mt Kosciuszko 

after passing the upper reaches of the Snowy River and the historic Seaman’s hut. The second 

walk from Charlotte Pass is the partially paved ‘Main Range Walk’ which finishes at the Mt 

Kosciuszko summit. However, tourists on this longer walk (approximately 10 km one way) first 

Mt Stillwell 

Alpine Area (>1860m) 
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descend a valley to the Snowy River crossing, before climbing up to the Main Range which has 

views to Blue Lake, Club Lake, Lake Albina and many of the main peaks of the alpine area. 

Sections of this track are used by visitors for other trips such as accessing Mt Twynam and Mt 

Townsend. The third walk, the short “Snow Gums walk” (50 m), accesses a viewing platform 

adjacent to Charlotte Pass with spectacular views over the Main Range. 

 

4.2.2 Numbers and activities 
 

At monitoring sites at the start of tracks and at lookouts in the Kosciuszko alpine area 

standardised information on visitors was recorded between December 1999 and April 2000, by a 

range of volunteers under the supervision of the Author and Dr Stuart Johnston (NSW NPWS). 

Charlotte Pass and Thredbo (at the top of the Crackenback chairlift) were the primary survey 

sites due to their high visitation. Other secondary sites were selected to provide information at 

major destinations including the Kosciuszko lookout (along the Kosciuszko Walk), the 

Mt Kosciuszko summit and at the Blue Lake lookout on the Main Range walk (Figure 4.1). This 

is discussed in depth in Johnston & Growcock (2005). 

 

A pilot study in 1998/99 (Johnston & Growcock 2005), established that visitation varied over the 

non-winter period, with periods of high use (public holidays), intermediate use (school holidays 

etc.) and low use (non-holiday periods). A stratified sampling technique was therefore used with 

surveys conducted for the primary monitoring sites at the top of the Crackenback chairlift and at 

Charlotte Pass over 40 days during the 1999/2000 snow free period (Table 4.1).  

 
Table 4.1: Surveying days at the two primary monitoring sites at Charlotte Pass and the 
Crackenback chairlift during different periods of visitation intensity during the 1999/2000 non-
winter period for the Kosciuszko alpine area. 

Intensity # Days Period 

High 14 New Years Period – 27 Dec to 03 January 
Australia Day – 26 January 
Easter – 21 April to 25 April 

Intermediate 12 18 January – 30 January 
Low 14 Pre School Holidays – 13 December to 19 December 

Post School Holidays – 14 February to 20 February 
Total 40  

 

At each of the primary monitoring sites on each monitoring day, information on the number of 

visitors, group size, the activities being undertaken and the time of arrival was collected as well as 

general descriptions of the weather each day. Volunteers collecting this data were provided with 

survey sheets and specific codes for each activity and track. Weather was assigned into one of 

five categories (very poor = rain and/or gale force winds; poor = overcast, strong winds; average 
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= partially overcast, moderate winds; good = fine, moderate winds, late cloud overcast; and very 

good = fine and calm). Group size and activities being undertaken (short walks; long walks; 

sightseeing; cycling; camping; riding the chairlift only; and other) were determined by the 

surveyor. The age of each visitor was estimated into one of 9 age groups (0-15; 15-19; 20-29; 30-

39; 40-49; 50-59; 60-69; 70+; and unknown).  

 

Surveying was conducted between 9 am and 4 pm each day. For the secondary monitoring sites 

not all 40 days were monitored due to poor weather conditions. 

 

Additional information on visitor usage was provided by Kosciuszko Thredbo Pty Ltd. who run 

the Thredbo village chairlifts. They provided data on daily ticket sales for the Crackenback 

chairlift from early December 1999 to late April 2000. 
 

4.2.3 Analysis 
 

The data from the 40 days surveyed at the primary monitoring sites were used in conjunction 

with lift ticket sales to estimate the total visitation to the alpine area during the non-winter period. 

Visitor counts for the 40 survey days were plotted against the corresponding daily ticket sales for 

the Crackenback chairlift with a linear regression equation calculated (Figure 4.2). Ticket sales 

were then used to estimate visitor intensity for the whole alpine area for non-survey days (Table 

4.2; Appendix 1). Ticket sales however, were not made available for October, November and 

May. For these times, total visitor numbers in the alpine area were estimated using daily averages 

during a corresponding period. November and May were classified as “low” periods, with daily 

averages from other “low” months used for these times. October was classified as “very low” 

with daily averages from the low period divided by half (Table 4.2; Appendix 1).  

 

Data for activities undertaken, group size and the duration of visit were each described as a 

percentage of the total and were displayed as graphs and in tables. 
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Figure 4.2: Linear regression model between the survey days at the two principal monitoring sites 
and chairlift ticket sales to estimate figures for non-surveyed days during the 1999/2000 non-
winter period within the Kosciuszko alpine area.  

Table 4.2: Classification of the non-winter period into periods of visitation levels (very low, low, 
intermediate and high). Periods in which corresponding ticket sales figures are available are 
marked (*). 

Month Period Classification 
October 11 – October 31 1999 Very Low (Low average divided by 2) 
November 1999 Low 
December 1999* Low till December 25 

High December 26 – 31 
January 2000* High January 1 – 3  

Intermediate January 4 – 25  
High January 26  
High January 27 – 31  

February 2000* Low 
March 2000* Low 
April 2000* Low from April 1 – April 20 

High from April 21 – April 25 
Low from April 26 – April 30 

May Low 
 

4.3 RESULTS2 

4.3.1 Visitor numbers and patterns 
 

A total of 35 351 people were recorded arriving at the primary access points to the Kosciuszko 

alpine area over the 40 days surveyed during 1999/2000 (Appendix 1). Of these, 67.5% (23 881) 

arrived at the top of the Crackenback chairlift and 32.5% (11 470) arrived at Charlotte Pass.  

Approximately a third of all visitors entering the Kosciuszko alpine area visited the Mt 

                                                 
2 All analysis and interpretation of the data within this chapter was completed by myself during the period of my PhD 
candidature with all results presented here my own unless otherwise specified. 
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Kosciuszko summit with approximately 20 – 25% of people visiting or passing the Kosciuszko 

Lookout (having principally arrived from the Crackenback chairlift) (Table 4.3). Not all days 

during the survey period were monitored at these sites due to poor weather conditions. Visiting 

Blue Lake was also popular during the non-winter period (Author obs.), although data was only 

collected during the high visitation period around New Year. 

 
Table 4.3: Visitors counted at secondary survey points within the alpine area.  

Location Days surveyed Total number 
Mt Kosciuszko 37 12022 
Kosciuszko Lookout  35 8956 
Blue Lake 6 1252 

 

Between December and April, a little over 60 000 tickets were sold for the Crackenback chairlift 

at Thredbo. Using the regression calculation of chairlift ticket sales and visitor survey data, 

approximately 102 500 visits are estimated as having entered the Kosciuszko alpine area during 

the 1999/2000 non-winter period (see Appendix 1 for daily estimates).  

 

4.3.1.1 Temporal patterns 
 
As expected, visitation to the alpine area was unevenly distributed across the survey period with 

higher numbers on public and school holidays (Figure 4.3). New Year and Easter were popular 

with the five days surrounding each of these holidays accounting for 53.7% of all visits (over 

19 000 visits, Figure 4.3). On Easter Saturday alone, 2 560 visitors arrived at the access points to 

the alpine area (768 from Charlotte Pass, 1792 from Thredbo). A similar pattern occurred in the 

pilot study with 2 506 visits between 9.30am and 3.30pm on the equivalent day in 1999 

(Johnston & Growcock 2005). 

 

Saturdays and Sundays were the busiest days of the week (22.4% and 19.4% respectively) while 

Wednesdays were quietest (8.3%, Figure 4.4). The quietest days were weekdays outside of public 

or school holidays. 

 

4.3.1.2 Weather influences 
 
Weather had a strong influence on visitor numbers. When conditions were poor visitor numbers 

were very low with only 5.9% of total visitors counted on days with rain and/or gale force winds 

(Table 4.4). Visitor numbers were highest when weather conditions were good (fine, moderate 

winds, late cloud overcast) and very good (fine and calm). Regardless of weather condition, the 

proportion of visitors arriving at Charlotte Pass remained constant (32% of the daily visitors, 

Table 4.4) indicating that weather did not influence access point choice. 
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Figure 4.3: Estimated monthly visitor numbers over the 1999/2000 non-winter period within the 
Kosciuszko alpine area based on data from 40 survey days at the primary monitoring sites. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4: Weekly visitation pattern of visitors to the Kosciuszsko alpine area during the 
1999/2000 non-winter period based on data from 40 survey days at the primary monitoring sites.  

 
Table 4.4: Visitor numbers and percentage of total according to weather conditions during the 
1999/2000 survey in the Kosciuszko alpine area based on data from 40 survey days at the primary 
monitoring sites.  
 Very poor Poor Average Good Very good Total 
Thredbo 1301 3919 3647 8065 6949 23881 
Charlotte Pass 774 1939 1876 3491 3390 11470 
Total number 2075 5858 5523 11556 10339 35351 
Percentage (5.9%) (16.6%) (15.6%) (32.7%) (29.2%)  

 

4.3.1.3 Party size 
 

In total, 12 196 groups entered the alpine area during the 40 days surveyed. The most common 

group size was two people (45.3%) with groups of three and four also common (19.3% and 

19.1% respectively, Figure 4.5). Less than 4% of visitors were in groups of six or more. 
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Figure 4.5: The proportion of different party sizes entering the Kosciuszko alpine area during the 
1999/2000 visitor survey based on data from 40 survey days at the primary monitoring sites. 
 

4.3.2 User groups 
 

A variety of recreational activities were undertaken in the Kosciuszko alpine area (Figure 4.6). 

The more popular activities over the non winter period were walking trips that were either short 

(37.7% or about 38 450 visits) or long (at least half day; 41.1% or about 41 900 visits), sightseeing 

(11.6% or about 12 150 visits), mountain bike riding (3.2% or about 3 250 visits) and camping 

(1.9% or about 1 950 visits). Other activities undertaken in the area include running, wild flower 

viewing, rock climbing, abseiling, swimming, picnics, painting, photography and skiing on late 

lying snow.  

 

Figure 4.6: Distribution of recreational activities undertaken in the Kosciuszko alpine area during 
the  1999/2000 visitor survey based on data from 40 survey days at the primary monitoring sites. 
 

There were few differences between the proportion of visitors undertaking activities between the 

two main access points. Camping was the exception, with Charlotte Pass (3.2%) being a more 

favourable departure point than the Crackenback chairlift (1.3%).  

 

The types of activities undertaken depended on the age of visitors. For example, short walks were 

more popular with visitors over 40 while longer walks were popular with under 40 (Table 4.5). 
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Chairlift rides, where visitors stayed on the lift, were popular with children. Mountain biking was 

popular with the 20-29 year olds. Camping was predominantly undertaken by people between 

20 and 39 (Table 4.5). 

Table 4.5: Percentage distribution according to age of visitors for recreational activities in 
Kosciuszko alpine area during the 1999/2000 survey based on data from 40 survey days at the 
primary monitoring sites. 

4.3.3 Duration of visit 
 

Forty six percent (44.3% from Thredbo, 49.8% from Charlotte Pass) of all the people visiting the 

Kosciuszko alpine area departed on walks or camping trips that lasted a half day or longer (Table 

4.6). For the remaining 53.7% of visitors the duration of their visit was less than half a day and 

tended to involve sightseeing at and around the Crackenback chairlift, while those at Charlotte 

Pass either went on the Snow Gums walk or took a relatively short walk down to the Snowy 

River Crossing and back (Figure 4.1). 

 
Table 4.6: Duration of visit at the two major access areas to the Kosciuszko alpine area during the 
1999/2000 visitor survey based on data from 40 survey days at the primary monitoring sites. 

Visitor location and duration of visit Estimation 
Visitors at Thredbo 67.5% 
Less than half a day 55.7% 
More than half a day 44.3% 
Visitors to Charlotte Pass 32.5% 
Less than half a day  50.2% 
More than half a day 49.8% 

 

4.3.3.1 Track use and destinations 
 

Visitors entering the alpine area from the Crackenback chairlift most frequently departed on the 

Kosciuszko walk (74.8% of visitors) (Figure 4.1). Approximately 30.5% of these visitors returned 

to the top of the chairlift within half a day while the remainder continued on towards Mt 

Kosciuszko (40.5%) or along the Dead Horse Track trail (3.8%). 

Activity Total  
# 

Total 
% 

Children 
(0-15)

15-20 20-29 30-39 40-49 50-59 60-69 70+ Unknown

Long Walks 14530 41.1% 19.1% 3.8% 25.4% 22.8% 17.8% 8.1% 2.1% 0.1% 0.9% 

Short Walks 13330 37.7% 15.7% 4.7% 18.3% 19.6% 19.3% 11.2% 7.0% 0.4% 3.8% 

Sightseeing 4117 11.6% 20.2% 3% 17.8% 21% 18.8% 10.7% 5.6% 0.2% 2.7% 

Chairlift riders 1318 3.7% 38.5% 7.1% 12.8% 19% 13.1% 5.2% 1.7% 0% 2.5% 

Mountain biking 1135 3.2% 4% 8.3% 70.5% 8.9% 3.6% 1.4% 0.8% 0% 2.6% 

Camping 685 1.9% 6.9% 5.4% 47.4% 22.8% 11.7% 5.3% 0% 0% 0.6% 

Others 236 0.7% 14.4% 4.5% 41.1% 21.8% 19.3% 9.4% 3% 1.5% 2% 

Total 35351           
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Visitors accessing the Kosciuszko alpine area from Charlotte Pass undertook a number of walks:  

the Summit walk, the Main Range Loop walk, and the Snow Gums walk (Figure 4.1). The short 

Snow Gums walk was most popular receiving 46% of visitors. The Summit walk was the most 

popular of the longer alpine walks with 26.7% of all visitors to Charlotte Pass undertaking this 

walk. The major destination along this trail was the Mt Kosciuszko summit. The Main Range 

Loop walk was started by 24.1% of visitors at Charlotte Pass with destinations including the 

lower Snowy River Crossing, Blue Lake and Mt Caruthers, Mt Twynam, the Sentinel and Mt 

Townsend with most peaks not accessible by hardened track. 

 

4.3.3.2 The summit of Mt Kosciuszko 
 

The summit of Mt Kosciuszko is the most popular destination within the Kosciuszko alpine area. 

During the 37 days when people arriving at this destination were surveyed, there were 12 221 

visits by tourists. Between 65 and 70% of visitors to the summit arrived from Thredbo with the 

remaining 30 to 35% arriving from Charlotte Pass (Arkle 2000).  

 

The most popular days for visits to the Mt Kosciuszko summit were the five days around both 

New Years and Easter. During these periods, 7 668 visitors arrived at the summit (Arkle 2000). 

Visitation was most intense on Easter Saturday with 1 535 visitors arriving at the Kosciuszko 

summit between 10.30am and 3pm. The intensity of visitation becomes even more pronounced 

when looking at the daily visitation trend with almost 50% of visitors arriving at the summit 

between 12 and 1:30pm (Figure 4.7, Arkle 2000). 

 

 

 

 

 

 

 

 

 

 

Figure 4.7: Average visitor numbers at any given time at the summit of Mt Kosciuszko during the 
37 days when this secondary monitoring site was surveyed in the 1999/2000 visitor survey (Arkle 
2000). 
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4.3.3.3 Blue Lake 
 

It is estimated that 14.5% of total visitors departing on walks for a half day or more in the 

Kosciuszko alpine area visited the Blue Lake area. Data was colleted at this secondary monitoring 

site over six peak visitation days during which a total of 1252 people arrived at the Blue Lake 

Lookout. More than 90% of these visitors accessed the area from Charlotte Pass. Of those 

arriving at Blue Lake Look out 38% of visitors returned directly to Charlotte Pass along the Blue 

Lake track while another 38% continued along the Main Range track towards Mt Kosciuszko. 

The remaining 24% of walkers departed for other off track points such as Mt Twynam, the 

Sentinel and Mt Townsend before returning to Charlotte Pass.  

 

4.4 DISCUSSION 
 

Information on visitor numbers and characteristics are important for protected area managers in 

assisting with management strategies, justifying the allocation of resources and formulating policy 

(Cope et al. 2000). Such information also allows long term trends to be determined. Information 

on visitor numbers, activities and characteristics can also assist with environmental impact 

monitoring, especially for ecosystems that are sensitive to disturbance. Based on the visitor data 

collected during this study, it is clear that the Kosciuszko alpine area: (1) is popular during the 

summer; (2) that there are periods of peak use over a day, over a week and over the non-winter 

period; (3) that groups sizes are relatively small; and (4) that walking is the most popular activity. 
 

4.4.1 Visitor numbers and patterns 

4.4.1.1 Visitor numbers 
 

There were an estimated 102 500 visits to the Kosciuszko alpine area during the 1999/2000 non-

winter period including sightseers, short stay and long stay visitors (Table 4.7). For just long stay 

visits (half a day or more), the number of people entering the area is reduced to approximately 

47 250 visits. Compared with previous estimates (Table 4.8), there has been an increase of 

approximately 4 250 visitors going on long walks in the Kosciuszko alpine area over the last nine 

years, representing about a 10% increase since the previous estimate. These results however, 

contrast with those from the Thredbo chairlift ticket sales and Park entry gate data which do not 

show a consistent increase over this period (Worboys & Pickering 2004). The difference among 

the studies may be due to: (1) different survey approaches; (2) changes in the proportion of 

people who enter the Park accessing the alpine area; and (3) that gate ticket sales do not 

accurately reflect the actual number of visitors entering the alpine area (tickets include annual 

passes that allow multiple entry to the Park). 
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Table 4.7: Estimations of visitors accessing and dispersing into the Kosciuszko alpine area from 
the two main access points of the Crackenback chairlift and Charlottes Pass. 

Estimated Visitor Number Breakdown Estimation 
Total visitors estimated as arriving in the alpine area 102 500  
Number of visitors arriving via Thredbo 68 850 
Sightseeing 17 350 
Less than half a day 21 000 
More than half a day 30 500 
Number of visitors arriving via Charlotte Pass 33 650 
Sightseeing and less than half a day 16 900 
More than half a day 16 750 
Total number of visitors departing for more than half a day 47 250 

 

Table 4.8: Changing visitor numbers within the Kosciuszko alpine area over the last 25 years. 

Study Estimated Numbers 
Worboys (1978) 20 000 
Murphy (1985) 36 000 
Virtanen (1993) 43 000 
This Chapter 47 250 

 

Increasing visitor use of the Kosciuszko alpine area (Table 4.8) is consistent with patterns found 

in many parks around the world, with use of protected areas for tourism and recreation likely to 

continue to increase (Cordell & Super 2000; Newsome et al. 2002; Buckley et al. 2003; Worboys et 

al. 2005). As these visitor numbers increase, the potential for negative environmental and social 

impacts increases (Hammitt & Cole 1998). In the Kosciuszko alpine area impacts that have been 

reported include damage to vegetation from trampling, increases in human waste and litter, 

reduction of visitor enjoyment due to overcrowding, introduction and spread of weeds, increased 

soil erosion and pollution of alpine lakes and streams (Edwards 1977; Keane et al. 1979; Cullen & 

Norris 1989; Mallen-Cooper 1990; Worboys et al. 1995; Arkle 2000; McMaster 2000; Johnston & 

Pickering 2001b; Johnston & Growcock 2005; Hill & Pickering in press). 
 

4.4.1.2 Temporal patterns 
 

The severity of impacts from recreation will vary with numbers and patterns of use. For the 

Kosciuszko alpine area, there was daily, weekly and monthly variations in visitation (Figure 4.3; 

Figure 4.4; Figure 4.7). For example, the middle of the day was the peak period for people on Mt 

Kosciuszko. On a weekly basis, visitation was highest on weekends while over the entire non-

winter period, visitation was greatest during holidays (particularly New Years and Easter) with 

over half (54%) of all visits at these times (Figure 4.3). The concentration of visits in a limited 

time may result in substantial impacts occurring around a popular destination. Concentrated 

visitation at Mt Kosciuszko for example, has resulted in more widespread damage to the summit 

area and a need to build a hardened track and viewing area (Arkle 2000). 



 

59 

Temporal patterns in visitation are common in mountain protected areas, especially where snow 

restricts access for part of the year and optimal weather conditions occur for only a few weeks 

during the non-winter period. In Glacier National Park in the United States for example, similar 

daily, weekly and seasonal trends to that in this chapter are found with a peak of visitation also 

occurring during the middle of summer (Hartley 2000). In both Kosciuszko National Park and 

Glacier National Park, concentrated use where visitors leave hardened tracks is of concern as 

alpine vascular plants have limited periods to grow before the return of snow cover (Hartley 

2000; Johnston & Growcock 2005). Disturbance during early summer for example, may reduce 

growth or inhibit seed production. During late summer and autumn, such as around Easter in 

Kosciuszko National Park, there would be little time for vegetation to recovery from damage 

before winter snowfalls.  

 

Climatic factors are important, as they can affect both the impact of a given activity and the 

number of people undertaking that activity. Saturated soils for example, are often more quickly 

damaged than dry soils (Edwards 1977; Keane et al. 1979). Fortunately, visitation was low when 

conditions were wet (Table 4.4) with most visitors not venturing beyond the hardened areas at 

track heads (Author obs.).  

 

4.4.1.3 Party size 
 

In addition to the total number of visitors and the peaks in usage, party size can also affect the 

intensity and types of impacts (Watson et al. 2000). In the Kosciuszko alpine area, party size was 

typically small during the peak and intermediate periods of the summer. Almost half (45%) of all 

parties were travelling in groups of two, with groups of three and four also frequent 

(approximately 19% each). Larger groups usually came in the low periods and often consisted of 

school, walking clubs or scout groups (Author obs.). These results are consistent with the 

tendency for nature based tourists to travel in small parties consisting of three to five members, 

typically couples, family groups or small groups of friends (Ecotourism Society 1991). When 

these results are compared to previous data for the Kosciuszko alpine area, it appears that groups 

may be getting smaller (Stankey 1986, Table 4.9), a trend consistent with surveys in the United 

States (Roggenbuck & Lucas 1987; Watson 2000). 

 

The previous study by Stankey (1986) also examined the size of groups undertaking different 

activities in the Kosciuszko alpine area. For example, groups comprising of four or more 

members represented 49% of all campers with groups of two to three the most common group 

size (43%). In the results presented in this chapter however, groups of four or more represented 

only 16% of the total, with approximately 70% of groups consisting of two to three people. Like 
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day users of the Kosciuszko alpine area, camping group sizes also appear to be getting smaller. 

Camping activities within this area are further discussed in Chapter 5. 

 

Table 4.9: Comparison of party size distribution for users in the Kosciuszko alpine area 
(percentages). 

Party size Stankey (1986) This Chapter 
 Total groups Overnight Total groups Overnight 
Number of groups 877 157 12196 277 
% in party size     
1 4 8 8 14 
2-3 46 43 65 70 
4-5 27 20 23 13 
6-9 13 15 3 2 
10 and over 9 14 1 1 

 

These results have implications for managing recreational impacts within the Kosciuszko alpine 

area. Limiting group sizes is a valuable management tool in many national parks to minimise the 

impact of visitors on the environment as well as reducing the conflict among, and within, user 

groups (Monz et al. 2000). However, there appears to be no need to limit group size in the 

Kosciuszko alpine area as groups are already small for both day users and overnight campers.  

 

4.4.2 User groups 
 

The Kosciuszko alpine area provides a number of recreational opportunities that are appropriate 

in the natural setting of national parks. For the majority of visitors, walking (either short or long) 

and sightseeing are the main activities. Others are after a more specific experience. Overall, three 

types of users can be defined: 

1. Short stay visitors; 

2. Long stay visitors; and 

3. Experience seekers. 

 

4.4.2.1 Short stay visitors 
 

Short stay visitors are tourists who only undertake sightseeing and short walks. Short walk 

visitors make up approximately 38% of visitors while another 12% are only sightseeing in the 

immediate vicinity of the access points to the Kosciuszko alpine area. Together, this represents 

half of the total visitors to the alpine area. These visitors did not venture far from either the top 

of the Crackenback chairlift or the car park of Charlotte Pass and appear to be gaining a “snap-

shot” of the alpine area before quickly moving on (Author obs.).  
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The environmental impacts from short stay visitors are likely to be quite intense over small areas 

at the two main access points to the Kosciuszko alpine area. Impacts that would be expected 

include vegetation trampling (including loss of cover, species composition and diversity), tree 

damage, soil exposure and compaction and litter. There is some hardening and provision of 

specific infrastructure catering to these short stay visitors at the access points, with the Snow 

Gums walk (Plate 4.1) at Charlotte Pass an excellent example of where, through site hardening, 

impacts from visitors have been minimised by a relatively non-intrusive facility (Author obs.).  

 

Where visitation spreads into unhardened areas, damage may occur when primary thresholds are 

exceeded. This appears to be occurring at the Crackenback chairlift where visitors arriving at the 

top of the chairlift regularly visit nearby rock outcrops in search of the best views. As there is 

limited infrastructure in place in these areas, vegetation is being damaged and soils exposed 

(Author obs.). The provision of a short walk on a hardened surface similar to the Snow Gums 

walk could provide a better experience for short term visitors, while reducing the environmental 

impacts on vegetation. 

 

 

Plate 4.1:  The Snow Gums walk at Charlotte Pass, a hardened track with views over the 
Kosciuszko alpine area.  

4.4.2.2 Long stay visitors 
 

Long stay visitors were defined as people who undertake walks of a half-day or more in the 

Kosciuszko alpine area. Common destinations include the Mt Kosciuszko summit and the Blue 
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Lake area (Author obs.). Other long stay visitors appear to have specific destinations in mind and 

initially use management tracks and trails before going off track. This appears to often occur 

along the Kosciuszko Main Range with visitors leaving hardened tracks to climb nearby 

mountains such as Mt Townsend and Mt Twynam (Author obs.).  

 

Long stay visitors are likely to cause similar impacts as short stay visitors but over a larger area. 

Tourism infrastructure such as tracks are continuously being up graded to satisfy tourism 

demand while trying to minimising damage to the environment. The impacts of hardened tracks 

however, can be quite significant depending upon the materials and approaches used (Hill & 

Pickering in press). Further, the recovery of the alpine vegetation following excessive use of 

unhardened tracks can take a long time. After 15 years for example, a closed and revegetated 

track in the Kosciuszko alpine area still had more bare ground, less vegetation, and fewer native 

species than adjacent areas (Scherrer 2003). 

 

While most walkers remain on hardened tracks, some go off track to take photographs, see a 

different view or for activities such as camping. Based on the total number of visitors (Table 4.6; 

Table 4.7), activities undertaken (Figure 4.6) and track use and destinations (section 4.3.3), it is 

likely that the number of off track users may be in the thousands. The most obvious impact of 

these visitors is track and pad creation (Virtanen 1993, Worboys & Pickering 2004). Damage to 

vegetation cover from trampling can be exacerbated by factors such as the resistance and 

resilience of the vegetation. Research into threshold levels of vegetation communities from 

trampling can assist in identifying limits for recreational use of these high altitude ecosystems. 

This is discussed further in Chapter 6 

 

4.4.2.3 Experience seekers 
 

Many visitors in the Kosciuszko alpine area participate in multiple activities with fishing, 

abseiling, rock-climbing, skiing on late lying snow, photography and painting often occurring as 

part of day walking (Johnston & Growcock 2005). Two groups of experience seekers however, 

are considered in more detail: mountain bike riders and campers.  

 

Mountain biking 
Mountain bike riders within most national parks can be divided into two distinct groups: sports 

oriented and general recreation. At the Crackenback chairlift, mountain bike riding is sport 

orientated with the support and promotion of Thredbo Village. In contrast, mountain bike riders 

starting from Charlotte Pass were mostly families, in small social or tour groups riding for general 

recreation (Johnston & Growcock 2005).  
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While mountain bikes allow easy and rapid access to many areas, they can cause environmental 

damage. These impacts however, are likely to be minimised within the Australian Alps, as riders 

are confined to management tracks and roads (AALC 1998). Impacts of bike riding on the 

hardened tracks include: (a) excessive erosion; (b) muddying of tracks when wet; (c) development 

of multiple parallel tracks (rutting); and (d) the development of informal tracks through 

switchbacks and corner cutting (Cessford 1995; Chavez 1996; Symmonds et al. 2000). Any 

impacts from mountain bikes on tracks would be difficult to separate from other activities on  

hardened tracks.  

 

Social conflicts between mountain bikers and walkers can also occur (Cessford 1995). 

Management of these issues involves understanding visitor perceptions and attitudes. While some 

of these conflicts are inter-related, they may categorised as: (a) mountain biking being perceived 

as causing greater environmental damage; (b) being a greater safety hazard on management trails 

(for walkers who don’t hear or see them coming); and (c) that many visitors see mountain biking 

as being an inappropriate use of the area detracting from more passive-use recreation activities 

(Cessford 1995).  

 

Social conflicts within the Kosciuszko alpine area however, are likely to be minimal due to the 

use levels on Merrits trail by walkers and the demographic profile of mountain bike users along 

the Summit trail from Charlotte Pass. In the first case, there are few walkers down the Merrits 

trail with mountain biking well established and the dominant summer activity along the trail. 

Further, as it occurs within a ski resort lease area, it is also likely to be perceived as a more 

acceptable activity than it would in back country areas. From Charlotte Pass, those undertaking 

mountain biking tended to be doing it as part of a family group (Author obs.). Their slower 

approach is less likely to conflict with the values of those undertaking day walks. 

 

Camping 
Campers were another experience seeking group. With a dispersed camping policy in Kosciuszko 

National Park, this group has the potential to affect a wide area. Previous physical and 

biophysical impacts of camping in other environments include loss of vegetation cover and 

diversity, tree damage, increased soil compaction and consequential alteration of infiltration 

characteristics, nutrient influxes from cooking and human waste and pollution of local water 

sources (Frissel 1978; Hart 1982; Stohlgren & Parsons 1986; Hardie 1993; McEwan & Cole 1997; 

Leung & Marion 1999, 2000; Cole & Monz 2004). Other impacts can include loss of animal 

habitat through the collection of fire wood, alteration of animal behaviour (through feeding) and 

litter (Cole 1990; Cilimburg et al. 2000).  
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While impacts from fire scars and fire wood collection are limited in the alpine area in part due to 

the limited availability of wood and a “no fire” policy, other impacts may occur. Studies in the 

United States for example, have found damage to vegetation cover after a single nights camping 

(Cole 1995b). While the amount of damage that occurs is the result of a number of factors, 

including concentration of campers, length of time and sensitivity of the environment, these 

impacts can occur quickly (Cole 1992, Leung & Marion 1999).  

 

With a large number of campers departing for walks into the Kosciuszko alpine area, it is 

important to have quantitative information on the threshold levels of damage for major 

vegetation communities from camping, especially in light of the dispersed camping policy in 

Kosciuszko National Park. This is discussed in greater detail in Chapter 5. 

 

4.4.3 Recreation research  
 

The data presented here highlight that most visitors are either remaining at or close to the access 

points, or utilising hardened tracks. However, with increasing visitor numbers and the 

concentration of visitation at certain times (New Year and Easter), some popular off tracks areas 

are likely to experience heavy use during the non-winter period. As two of the major activities in 

the area are undertaking long walks and camping, it is important to determine the use thresholds 

for these activities for common vegetation communities in the Australian alpine and subalpine 

areas. Information on thresholds including resistance and resilience can be used to determine if 

restrictions on numbers or activities at certain times of the year is appropriate or if site hardening 

is required. 

 

There has been some research on thresholds with Arkle (2000) assessing the impacts of visitors 

to the Mt Kosciuszko summit. In this study, visitor use patterns and biophysical impacts were 

related for five areas receiving different levels of use with daily carrying capacities determined for 

both favourable and unfavourable conditions. Bare ground exposure, total vegetation cover and 

total species diversity were identified as appropriate indicators of degradation when these 

thresholds were exceeded (Arkle 2000). There were limitations to this study however, as the 

natural baseline conditions were located away from the summit and the study only focused on 

this one exceptionally high use area. Threshold levels therefore may only apply to this one site 

and hence may not be appropriate to other alpine and subalpine vegetation communities. 

 

Others studies have made observations on the potential differences in resistance and resilience of 

vegetation communities within the area (Edwards 1977; Keane et al. 1979). However, they did not 

quantify the level of use required before long term damage occurs. To ensure that continued 



 

65 

visitor use of this area has minimal impacts, quantification of threshold levels for vegetation 

communities is required. An experimental approach allows visitor use data to be directly related 

to environmental damage and thus develop clear understanding of community thresholds. 

 

4.5 CONCLUSION 
 

The results of this study demonstrate that, like many protected areas around the world, 

recreational use in the Kosciuszko alpine area appears to be increasing during the non-winter 

period. During this time, a variety of activities are undertaken including sightseeing, day walking, 

mountain biking and overnight camping. In undertaking these activities, groups tend to be small 

usually less than four or five people. This highlights that during periods of peak usage, there may 

be damage of track areas by day walkers and/or campers. The next two chapters therefore, test 

the relationships in field experiments between increasing use of the Kosciuszko alpine and 

subalpine areas by people camping and trampling (walking) and the amount of damage they cause 

to vegetation. 
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CHAPTER 5 BACKCOUNTRY CAMPING 

 
 

5.1 INTRODUCTION 
 

As discussed in Chapter 4, camping has the potential to cause damage to the environment. While 

camping and associated impacts may be restricted in area, the concentrated nature and relatively 

long duration of use of campsites may result in severe impacts (Leung & Marion 1999; Smith & 

Newsome 2002). The intensity of impact however, depends upon environmental conditions and 

the behaviour of users. With high elevation vegetation communities slow to recover, an 

understanding of the rate at which initial damage may occur from camping is important. Such 

information will ensure that appropriate decisions are made in providing for back county 

camping opportunities. This chapter therefore, (1) analyses the visitor data collected in Chapter 4, 

relating to backcountry camping, and (2) examines the level of disturbance to vegetation caused 

by small groups undertaking short term backcountry camping in field experiments where level of 

use (number of nights camping) and location of activities within the campsite were controlled.  

 

5.1.1 Camping impacts 
 
Environmental degradation as a result of camping has been identified as a problem by both 

protected area managers and researchers (Martin et al. 1989; Hardie 1993; Newsome et al. 2002;  

Smith & Newsome 2002; Cole & Monz 2003). Impacts can be either direct or indirect, occurring 

as a result of campsite setup, tent location, cooking activities, waste disposal and general use. 

Impacts include reductions in vegetation height, loss of vegetation cover, change in species 

richness, introduction of weed species, tree damage, soil compaction, changes in infiltration rates 

and soil moisture levels and alterations to soil pH and nutrient levels (Hammitt & Cole 1998; 

Leung & Marion 2000).  

 

Like many recreational activities, the relationship between the amount of use and the intensity of 

impact associated with camping has been described as curvilinear (see Chapter 2). For example, 

impacts from four nights camping tend to be greater than the impacts of one night camping. The 

intensity of the impact is influenced by the durability of the site, which is a function of the 

vegetation cover, soil stability and climate. As such, grassy areas are often less disturbed by 

camping than those dominated by shrubs (Cole 1982; Marion & Merriam 1985; Cole 1986a; Cole 

1995b; Marion & Cole 1996). A primary threshold is likely to exist when camping, whereby 

increasing use will eventually exceed the resistance of the vegetation community and begin to 
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degrade the community. It is the expectation of this relationship, whereby some use can occur 

before damage occurs, that underlies the “leave no trace” dispersal camping policies seen in many 

protected areas including the Australian Alps (AALC 2000). 

 

Variation in the amount of damage to vegetation and soils can also occur within campsites 

(Stohlgren & Parsons 1986; Leung & Marion 1999; Cole & Monz 2004). For example, lower 

species richness and cover, greater soil compaction and lower nutrient levels have been found in 

the central areas of subalpine campsites when compared to the peripheral areas. These 

differences can remain for years highlighting the slow rate of recovery of some high altitude 

vegetation types from intensive recreational use (Stohlgren & Parsons 1986; Cole & Monz 2004). 

 

The time taken for recovery also varies with vegetation type. In experimental campsites 

established in the United States, there was exposed soil in a subalpine vegetation community 

three years after a single night camping while a nearby meadow community recovered completely 

within a year (Cole & Monz 2003). This again demonstrates that the recovery time for some 

vegetation communities may be substantial from even low levels of camping.  

 

5.1.2 Camping in the Australian Alps 
 

Within the Australian Alps, backcountry camping is a popular activity often undertaken “in 

remote areas where minimal control over recreational activities and individual behaviour is 

imposed” (Good & Greiner 1994 p.23). In much of the Australian Alps, including Kosciuszko 

National Park, backcountry areas are only accessible through bushwalking (NSW NPWS 2004). 

In managing these areas, the National Parks and Wildlife Service has a twofold objective: (1) to 

preserve and enhance the capacity of natural ecological processes and systems to evolve; and (2) 

allow for suitably equipped and experienced visitors to enjoy challenging recreational experiences 

in a natural setting (NSW NPWS 2004).  

 

The current strategy of park agencies in the Australian Alps for camping is dispersal: camping is 

permitted in most areas without focussing on specific sites. In some areas camping is restricted 

such as in: (1) the catchments of the glacial lakes in the Kosciuszko alpine area; (2) along major 

roads where camping is only permitted in designated camping areas; (3) in areas of threatened 

species habitat; (4) in vegetation communities that have a limited distribution; and (5) in sites that 

are culturally sensitive (AALC 1998; NSW NPWS 2004).  

 

Camping in the Australian Alps includes backcountry camping, snow camping, car based 

camping and horse group camping. Limited information has been collected on the impacts of 
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these different user types. Existing research has focussed on fixed campsite areas, including huts, 

and considered general factors such as campsite size, level of site development (including 

fireplace rock rings, seat construction and existing rubbish), damage to trees and size of fire scars 

(Byrne & Leahy 1991; Hardie 1993).  

 

Some information has also been collected on camping group characteristics and party sizes 

within the Australian Alps. In a study in the Kosciuszko alpine area conducted in 1983, it was 

demonstrated that while small groups of five or less were the most common party size (71%), 

almost a third of visitors undertaking camping were in groups of six or more (Stankey 1986). A 

large proportion of these visitors reported undertaking camping for relaxation, sightseeing and 

nature studies with camping more popular for males than females (70% campers were male) 

(Stankey 1986). It was suggested at this time that visitor numbers were likely to continue 

increasing.  

 

In response to increasing use of the Australian Alps, minimal impact codes have been produced 

in order to promote appropriate environmental behaviour (AALC 2000). These codes encourage 

“no-trace” usage, leaving areas as if they had never been used and promote: 

• the use of fuel stoves over fire for camping; 

• a carry in, carry out policy for rubbish; 

• the use of existing toilet facilities when available; 

• ensuring that in areas without toilet facilities that the person is at least 100 metres away 

from water sources, roads and campsites and that they deposit faecal material in a hole at 

least 15 cm deep; and 

• staying on tracks where possible to avoid damage to vegetation. 

 

In an evaluation of the effectiveness of these codes, it was found that the community tended to 

have a reasonable understanding of minimal impact concepts with user groups often having 

already received a large amount of exposure to minimal impact messages. Where the information 

from the codes was new to visitors, the information was considered an important first step 

towards changing behaviour (Beckmann 1999). 

 

5.1.3 Aims and objectives 
 
Experimental camping studies, where amount of use and location of impact are controlled, allow 

the effects of different intensities of use and different activities within a campsite to be 

quantified. They can also be used to identify threshold levels for camping in specific vegetation 

communities. Continued monitoring provides information about recovery times and, when 
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multiple vegetation communities are examined, differences in vegetation resistance and resilience 

can be determined. Identifying communities particularly susceptible to damage, and the level of 

use at which damage occurs, is important in managing recreational use of ecosystems that have 

high conservation status. 

 

This chapter examines backcountry camping in alpine and subalpine areas of Kosciuszko 

National Park. First, the visitor data collected from the Kosciuszko alpine area between 

December 1999 and April 2000 (presented in Chapter 4) relating to camping was further analysed 

to identify characteristics of campers including group size, age and timing of use. Equivalent 

information about camping in subalpine areas was not obtained due to the dispersed nature of 

access points for this area. Based on data concerning group size obtained in the survey, the 

second part of the chapter examines the impacts of short term camping (one and three nights) of 

small groups (two tents and four people) on alpine and subalpine vegetation using an BACI 

(before, after; control impact) experimental design.  

 

There were four main objectives for this study: (1) to contribute information towards 

understanding the relationship between use and damage in Australian high elevation areas; (2) to 

determine the group size and demographic profile of campers within the alpine area; (3) to 

determine the visitation patterns of campers in the Kosciuszko alpine area; and (4) determine if 

small groups have a detrimental effect on alpine and subalpine vegetation when camping for 

short periods of time. In order to address this final objective, the following specific questions 

were posed: (1) Is there an immediate reduction to vegetation height and cover from camping 

activities? (2) If impacts do occur, are impacts still evident one year after camping? (3) Are there 

differences in the level of impact among different areas within the campsite (tent site, activities 

area and control)? (4) Is there a difference in the impact of camping on alpine and subalpine 

vegetation? 

 

5.2 METHODS 

5.2.1 Survey methods  
 

Data on camping groups was extracted from the general survey of visitors during the non-winter 

period discussed in Chapter 4. The same methods of analysis were used for the camping data as 

for the general visitor data (see section 4.2.3 in Chapter 4). Data for camping group size, age of 

campers, period when visited, day of the week and point of departure were described as the 

number and percentage of the total number of campers surveyed over the 40 days in the 

1999/2000 non-winter period. 
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5.2.2 Experimental (BACI) camping trials  
 

The basic design used to compare the effects of short term backcountry camping by small groups 

was a BACI (before, after; control impact) design. A series of vegetation parameters were 

measured before and immediately after experimental camping in January 2002, in both control 

and impact areas of a campsite (areas where tents were set up, and an activity area). Additional 

sampling was conducted two weeks, six weeks and one year after camping to determine if there 

was continuing damage to vegetation post camping or if vegetation recovered during this time.  

 

To determine if there were differences in the impact of camping between the two vegetation 

communities, the effects of experimental camping were assessed using a BACI design for two 

vegetation communities that are likely to be popular for camping: tall alpine herbfields and 

subalpine grasslands. These communities are widespread throughout the alpine and subalpine 

zones and represents ideal locations for camping sites. The tall alpine herbfield community (the 

Poa - Celmisia alliance) is the most extensive community in the alpine zone occurring in areas that 

are not excessively wet, exposed to high winds or stony (Costin 1954). It is the most species rich 

of the alpine communities and can be slow to recover once disturbed (Costin et al. 2000; 

Johnston et al. 2003; Scherrer 2003; Chapter 3). Subalpine grasslands occur interspersed within 

Snow gum woodlands (Eucalyptus niphophila) and are located in elevations between 1500 and 1860 

metres (Costin et al. 2000; Chapter 3).  
 

To assess the potential effects of different intensities of camping on each community the 

experimental trials were conducted at two intensities of use: one night camping and three 

consecutive nights camping. Due to difficulties with availability of volunteers, however, the one 

night camping treatment was only applied in the tall alpine herbfields. Three nights camping was 

undertaken in both tall alpine herbfields and subalpine grassland communities. 

 

5.2.2.1 Sampling design 
 

Originally eight sites in the tall alpine herbfields and eight sites in subalpine grasslands were 

selected, however only four sites were used in the subalpine grasslands as one night camping did 

not occur in this community (Table 5.1). Four sites for three nights camping and three sites for 

one night camping (one missing due to volunteers being unavailable) were randomly assigned in 

the tall alpine herbfields. All sites were relatively flat, undisturbed and had a complete cover of 

vegetation.  

 

Each campsite was divided into three areas and each area assigned a different treatment based on 

the survey approach undertaken by Cole (1995b). The areas were established along a 14 m 
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transect (Figure 5.1) and consisted of a control area where no activities were permitted 

(4 m length), an area for tents (4 m length) and an area for leaving packs, cooking and general 

activities (6 m length). Within each area, four 50 cm * 50 cm permanent quadrats were 

established with markers used to relocate the sites over the survey period. 
 

Table 5.1: Location of experimental camping sites in tall alpine herbfields and subalpine 
grasslands in Kosciuszko National Park. 

Community Nights Site Eastings Northings Elevation (m) 
Tall alpine  
herbfield 

3 nights 
camping 

1 148° 18' 19.8'' 36° 24' 56.7'' 1960 

  2 148° 18' 55.7'' 36° 26' 23.4'' 1890 
  3 148° 18' 03.8'' 36° 27' 27.4'' 1975 
  4 148° 18' 35.9'' 36° 26' 28.4'' 1890 
 1 night 

camping 
1 148° 18' 24.3'' 36° 24' 56.1'' 1952 

  2 148° 18' 35.3'' 36° 26' 27.5'' 1891 
  3 148° 18' 05.9'' 36° 25' 26.9'' 1980 
Subalpine 
grasslands 

3 nights 
camping 

1 148° 28' 54.6'' 36° 22' 20'' 1660 

  2 148° 30' 37.1'' 36° 21' 51.1'' 1600 
  3 148° 26' 41.7'' 36° 23' 34.4'' 1705 
  4 148°25' 07.7'' 36° 22' 40.5''   1660 

 

 

 

 
 
 
 
 
 
 
Figure 5.1: Size and arrangement of treatment areas and quadrats within experimental campsites 
for one and three nights camping in Kosciuszko National Park. 

 

5.2.2.2 Camping protocols 

 
Camping groups consisted of four people using two tents. Upon arrival, all volunteers were 

advised of the purpose of the study and location of the three treatment areas within the site. 

Campers were requested to arrive late in the afternoon and depart for the following day activities 

by mid morning. Volunteers were also provided with a pamphlet on minimal impact practices 

and groups were reminded that fires were not permitted in the alpine sites. While advising groups 

of the nature of the research and the location of individual zones may have caused some bias in 

the study, it was necessary for the successful completion of the study (Cole 1995b). Through 

               Control area    Tent area       Activity area            
             4m  4m        6m 

Quadrat samples 
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standardising the information provided to each group, it is hoped that these biases were 

minimised. 

 

5.2.2.3 Vegetation parameters  
 

Damage to vegetation is one of the most obvious changes to occur within campsites and is 

therefore often used as a primary indicator of impact (Cole 1992). At each site, vegetation 

damage was assessed for each treatment area using four quadrat samples (Figure 5.1) with the 

quadrats subdivided into 25, 10 cm2 subquadrats. In each quadrat, vegetation height and 

percentage cover of herbs, graminoids, dead material (attached litter), shrubs, detached litter and 

bare ground were measured.  

 

Vegetation height is a measure of plant growth and vigour while changes in vegetation cover, 

including increasing bare ground and dead material, are strong indicators of environmental 

damage at a site (Hammitt & Cole 1998). Height of vegetation was measured using a ruler within 

each subquadrat. An average of the 25 height measurements were taken in each quadrat and then 

the measures for the four quadrats averaged. Measurements for height were estimated to the 

nearest millimetre while areas touching dead material, detached litter or bare soil were given a 

zero value. Percentage vegetation cover was estimated using a vertical projection method with the 

total cover for all life form groups adding up to 100%. The average of the four quadrats within 

each treatment area was used at each site for each time the parameters were measured. 

 

Height and cover of vegetation were measured before camping (prior to impact) and at two 

weeks, six weeks and one year after camping. Vegetation heights were also measured immediately 

after camping. Several sites could not be remeasured one year after camping. In the subalpine 

grasslands, vegetation at one site had been extensively burnt during bushfires in January 2003. In 

the tall alpine herbfields, three sites for the one night camping and two sites for the three nights 

camping had missing marker pegs. Therefore the data for one year post camping were not 

analysed using inferential statistics. The values however, were included in graphs. 

 

Absolute height and cover were compared over time using inferential statistics. To assist in the 

interpretation of the graphs, both absolute and relative values were used. Relative height and 

cover values for the activities and tent areas were calculated for each measurement time to 

remove the effect of factors other than the camping. Relative height and cover were the change 

in measurements from the initial measurement multiplied by a correction factor derived from the 

controls areas (Cole 1995b). Relative vegetation height immediately after camping for example, 

was calculated as: 
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Relative vegetation height = (vegetation height after camping / initial vegetation height) * correction factor * 100 

  

Where the correction factor was determined by: 

 

cf = control initial height / control height after camping 

 

Relative cover for the major categories (dead material, graminoids and herbs) was determined 

using the same method. Relative cover would be 100% if no change had occurred as a result of 

the camping activities. Therefore, the extent to which relative cover after camping deviates from 

100% provides a measure of the change due to camping. Relative cover one year after camping 

can be compared with that shortly after camping to provide a measure of the rate of recovery 

(Cole & Bayfield 1993). 

 

5.2.3 Analysis 
 

Analysis of the three nights experimental camping data was undertaken using SPSS version 10.0. 

Reflecting the basic design of the experiment, data was initially explored using a series of Two-

Way Repeated Measures ANOVAs, with treatment (tent, activities and control area) and 

community (tall alpine herbfield vs. subalpine grassland) as the independent variables, and time as 

the repeated measure with a block at the spatial scale (sites).  

 

The effects of camping were identified using a BACI design. This allowed for the determination 

of changes through time in each vegetation parameter that was significantly different from 

concurrent changes in the control area. These were identified within the Two-Way Repeated 

Measures ANOVAs, when there was a significant time*treatment or time*treatment*community 

interaction. Differences in the response of the two communities to camping impacts would, of 

course, also be indicated by a significant time*treatment*community interaction. As part of the 

BACI design it is possible to use the contrast results from the Two-Way Repeated Measures 

ANOVAs to see if the significant effect of treatment between initial and subsequent treatments 

(immediately after camping, at two weeks and/or at six weeks). As there were three treatments 

(control, tent and activity areas) however, this contrast indicates that there was a change in these 

parameters among treatments between before and after camping. To test if the tent and activity 

area differ from the control a series of Two-Way ANOVA were performed for each time period 

separately with camping treatment and vegetation community as the independent variables. This 

allows direct statistical testing of differences in the effect of camping at different times post 

camping, and as such is just a control/impact analysis. 
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As the one-nights camping BACI experiment only occurred on tall alpine herbfield, the data were 

used as a series of One-Way Repeated Measures ANOVAs, with treatment (tent, activities and 

control area) as the independent variables, and time as the repeated measure with a block at the 

spatial scale (sites). Again, as for three nights camping a series of One-Way ANOVA were 

performed with treatment as the independent variable for each time period separately to directly 

compare between the three treatments. 
 

Raw data for each time period can be found in Table 1, Appendix 3. To satisfy the assumptions 

of the statistical tests (equality of variance and normal distribution) the data was transformed for 

both one and three night camping intensities. For absolute height data natural log 

transformations were used, while for absolute percentage cover data arcsine square root 

transformations were used.  
 

5.3 RESULTS 

5.3.1 Camping survey 
 
Camping was undertaken by an estimated 1.9% of all visitors to the Kosciuszko alpine area. In 

total, 685 out of 35 351 people (1.9%) in 277 groups went camping in the area during the 

1999/2000 survey period (as defined in Chapter 4).  

 

Group size was small, with 93% of groups consisting of four or less people (Table 5.2). Only 3% 

of campers were in groups of six or more individuals, with the two largest (12 individuals) being 

school groups visiting the area during their holidays (Author obs). 
 

Table 5.2: Size of camping groups entering the Kosciuszko alpine area during the 1999/2000 
visitor survey. 

Group size 1 2 3 4 5 6 > 6 Total 
Number of groups 38 160 34 27 10 3 5 277 
Percentage of total 13.7% 57.8% 12.3% 9.7% 3.6% 1.1% 1.8% 100% 

 

Most campers were young adults (<30 years old) with only 5.3% over 50 (Table 5.3). People 

under 20 represented 12.3% of all visitors, at least some of whom were part of school camping 

groups. Just under half of all campers were between 20 and 29. There were slightly more males 

(58%) than females (42%) camping. 
 

Table 5.3: Age groups of campers entering the Kosciuszko alpine area during the 1999/2000 visitor 
survey. 

Age group <20 20 - 29 30 - 39 40 – 49 50 - 59 60 + Unknown Total
Number of visitors 84 325 156 80 36 0 4 685 
Percentage of total 12.3% 47.4% 22.8% 11.7% 5.3% 0% 0.5% 100% 



 

76 

Certain times during the survey period were more popular for camping, with over two thirds 

(72%) of groups setting out during the public and school holiday periods (New Years: 27 

December till 3 January; Australia Day: 26th of January; and Easter: 21st April till 25 April) (Table 

5.4). 
 

Table 5.4: Total groups and total number of visitors undertaking camping in the Kosciuszko 
alpine area during three major visitation periods (high, moderate and low – see Chapter 4 for 
definitions). 

Period Number of groups 
(%)3 

Number of 
individuals 

High  202 (72%) 493 
Moderate 33 (13%) 91 
Low 42 (15%) 101 
Total 277 685 

 

Friday was the most popular day for campers to depart (Table 5.5), particularly during peak 

periods (58%). During moderate and low visitation periods Saturdays were more popular (46% 

and 38% respectively). Few visitors left during mid-week with only an average of 4% setting out 

on Wednesdays and Thursdays. 

 

Table 5.5: Number of groups and individuals camping in the Kosciuszko alpine area for each day 
of the week during each period (low, moderate and high).  

  Mon Tues Wed Thurs Fri Sat Sun Total
Low 10 (24%) 3 (7%) 6 (14%) 1 (2.5%) 1 (2.5%) 16 (38%) 5 (12%) 42 
Mod 2 (6%) 2 (6%) 4 (12%) 0 6 (18%) 15 (46%) 4 (12%) 33 
High 21(10.5%) 8 (4%) 2 (1%) 10 (5%) 117 (58%) 21 (10.5%) 23 (11%) 202 

#
 G

ro
u

p
s 

&
 (

%
) 

Total 33 (12%) 13 (5%) 12 (4%) 11 (4%) 124 (45%) 52 (9%) 32 (11%) 277 

Low 19 5 12 12 1 41 11 101 

Mod 6 4 8 0 14 50 9 91 

High 54 16 5 27 280 59 52 493 

#
 I

n
d

iv
id

u
al

s 

Total 79 25 25 39 295 150 72 685 
 

Most groups (51%) set out between midday and 3pm (Table 5.6) increasing to 68% of groups on 

Friday afternoons. There were still many groups setting out in the morning (44% on average), but 

very few people were recorded departing after 3pm (2% on average). This however, may be a 

result of the sampling approach, where surveying rarely continued after 4pm. 

 

 

 

 

                                                 
3 Percentage estimates are for number of groups and may not always reflect the same proportion for number of 
individuals as number of individuals in groups varied. 
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Table 5.6: Number of groups and individuals departing for camping within the Kosciuszko alpine 
area for each day of the week during each time of the day.  

  Mon Tues Wed Thurs Fri Sat Sun Total 

Before 10am 9 (27%) 1  (8%) 3 (25%) 0 7 (6%) 6 (12%) 3 (9%) 29 (10%)
10-11am 6 (18%) 4 (31%) 3 (25%) 0 15 (12%) 10 (19%) 11 (34%) 49 (18%)
11-12pm 2 (6%) 4 (31%) 1 (8%) 0 15 (12%) 13 (25%) 8 (25%) 43(16%)
12-1pm 4  (12%) 2 (15%) 1 (8%) 1 (9%) 50 (40%) 18 (35%) 4 (13%) 80 (29%)
1-3pm 11 (33%) 1(8%) 3 (25%) 8 (73%) 31 (25%) 3 (6%) 3 (9%) 60 (22%)
After 3pm  0 0 0 2 (18%) 4 (3%) 0 0 6 (2%)
Unknown 1 (3%) 1 (8%) 1 (9%) 0 2 (2%) 2 (4%) 3 (9%) 10(4%)#

 G
ro

u
p

s 
&

 (
%

) 

Total 33 12 12 11 124 52 32 277 
Before 10am 25 2 6 0 25 13 7 78 
10-11am 12 9 6 0 31 42 26 126 
11-12pm 4 8 2 0 35 30 18 97 
12-1pm 12 2 2 12 117 52 8 205 
1-3pm 24 5 5 24 64 8 5 132 
After 3pm 0 0 0 3 20 0 0 23 
Unknown 2 2 4 0 3 5 8 24 #

 I
n

d
iv

id
u

al
s 

Total 79 25 27 39 295 150 72 685 
 

5.3.2 Experimental camping 

5.3.2.1 Three nights camping on tall alpine herbfield and subalpine grasslands 
 

Three nights camping had two short term impacts on vegetation: a reduction in vegetation height 

and increase in the cover of dead material. From the graphs of absolute and relative height for 

both communities there appears to be a decrease in vegetation height immediately after camping 

and two weeks later (Figure 5.2). This is supported by the results from the ANOVAs. In the 

Two-Way Repeated Measures ANOVA for vegetation height there was no significant 

time*community*treatment interaction, but a significant time*treatment and time*community 

interaction (Table 5.7). This indicates that camping affects vegetation height in a similar way in 

both communities. When the contrasts between before and after treatment were examined for 

this Two-Way Repeated Measures ANOVA there was a significant difference between the height 

of vegetation before camping and immediately after camping, and between before camping and 

two weeks later (Table 5.8).  

 

When each time period was analysed separately, vegetation height in the tent and activity area was 

significantly lower than the control immediately after the camping and two and six weeks later 

(Table 5.9; Table 5.10; Figure 5.2). There was no significant difference in height at any time 

between the tent and activities areas (Table 5.10).  
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Figure 5.2: Absolute and relative mean (± 1 SE) vegetation height in control, tent and activity 
areas at three night camping sites in tall alpine herbfields and subalpine grasslands before (■), 
immediately after ( ), two weeks after (▲), six weeks after (●) and one year after (□) camping in 
Kosciuszko National Park. 

 
Table 5.7: Results from Two-Way Repeated Measures ANOVA examining changes in vegetation 
height for three nights camping in Kosciuszko National Park (time = initial, immediately after, 
two weeks and six weeks after camping; community = tall alpine herbfields and subalpine 
grasslands, treatment = tent, activities and control). 

 
Table 5.8: Contrast results between times from Two-Way Repeated Measures ANOVA in the first 
six weeks for vegetation height for three nights camping in Kosciuszko National Park (time = 
initial, immediately after, two weeks and six weeks after camping; community = tall alpine 
herbfields and subalpine grasslands, treatment = tent, activities and control). 

 

Effect df F p
Time 3 57.003 0.000
Time * Community 3 3.785 0.032
Time * Treatment 6 6.635 0.000
Time * Community * Treatment 6 0.641 0.696

Source Time df F p
Time * Community Initial vs. Immediately after 1 5.997 0.025

Initial vs. 2 weeks 1 0.205 0.656
Initial vs. 6 weeks 1 0.628 0.438

Time * Treatment Initial vs. Immediately after 2 58.975 0.000
Initial vs. 2 weeks 2 5.715 0.012
Initial vs. 6 weeks 2 2.311 0.128
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Table 5.9: Results from a series of Randomised Block ANOVAs comparing communities (tall 
alpine herbfields and subalpine grasslands) and treatments (tent, activity and control) for 
vegetation height for three nights camping in Kosciuszko National Park. Each time period was 
analysed separately. 

 
Table 5.10: Significance values for post hoc test (Tukey’s) between treatments for vegetation 
height for three nights camping in tall alpine herbfields and subalpine grasslands in Kosciuszko 
National Park. Each time period was analysed separately. 

 
There was a significant time*community interaction (Table 5.7) indicating that vegetation height 

in the two communities was different over time. Based on the ANOVA’s and the graphs of 

absolute and relative height there appears to be a trend towards increasing vegetation height over 

the first six weeks in both communities (Table 5.8; Table 5.9; Table 5.10), however vegetation in 

the tall alpine herbfield appeared to remain taller (Figure 5.2).  

 
 
At one year, not all sites could by located for three nights camping (only two alpine and three 

subalpine). Results collected from the sites that could be found and had not been damaged by the 

2003 bushfire however, indicated that vegetation height had continued to recover, returning to 

pre camping height (Figure 5.2).  

 

Changes in the cover of graminoids, herbs and dead material as a result of three nights camping 

were examined for both communities. Shrubs, detached litter and bare ground cover were not 

present at any site during the four survey times. 

 

Three nights camping appeared to cause an increase in the amount of dead material, but did not 

alter graminoid or herb cover (Figure 5.3; Figure 5.4; Figure 5.5). This is supported by the results 

from the ANOVA’s with no significant time*community*treatment interaction for dead material, 

graminoid or herb cover, and only a significant time*treatment interaction for dead material 

(Table 5.11). When the contrasts between before and after treatment were examined for the 

different cover measures in these Two-Way Repeated Measures ANOVAs there was a significant 

difference between before and after camping at two weeks and between before camping and six 

  Immediately after 2 weeks 6 weeks 
 df F p F p F p 
Community 1 11.028 0.005 4.493 0.051 4.789 0.045 
Treatment 2 22.900 0.000 13.459 0.000 9.800 0.002 
Community * Treatment 2 0.168 0.847 0.232 0.795 0.142 0.869 
Site 3 3.306 0.049 6.365 0.005 5.785 0.008 

 

Treatment Treatment Immediately
after

2 weeks 6 weeks

Tent Activities 0.060 0.997 0.996
Control Tent 0.000 0.001 0.005
Control Activities 0.002 0.001 0.004
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weeks after camping for the cover of dead material, but not for other cover measures (Table 

5.12). However, when the treatments are compared at two weeks and six weeks separately (Table 

5.13; Table 5.14), there was significantly more dead material in the tent and activities area than in 

the controls in both communities, but only at two weeks (Table 5.14; Figure 5.3).  

 

Table 5.11: Results from Two-Way Repeated Measures ANOVA examining changes in 
components of vegetation cover for three nights camping in Kosciuszko National Park (time = 
initial, immediately after, two weeks and six weeks after camping; community = tall alpine 
herbfields and subalpine grasslands, treatment = tent, activities and control). 

 

Table 5.12: Contrast results between times from Two-Way Repeated Measures ANOVA in the first 
six weeks for components of vegetation cover for three nights camping in Kosciuszko National 
Park (time = initial, immediately after, two weeks and six weeks after camping; community = tall 
alpine herbfields and subalpine grasslands, treatment = tent, activities and control).   

Table 5.13: Results from a series of Randomised Block ANOVAS comparing communities (tall 
alpine herbfields and subalpine grasslands) and treatments (tent, activity and control) for dead 
material cover for three nights camping in Kosciuszko National Park. Each time period was 
analysed separately. 

  2 weeks 6 weeks 
 df F p F p 
Community 1 1.049 0.322 0.140 0.714 
Treatment 2 6.056 0.012 2.948 0.083 
Community * Treatment 2 0.290 0.752 0.446 0.649 
Site 3 2.693 0.083 1.693 0.211 

 

Table 5.14: Significance values for post hoc test (Tukey’s) between treatments for dead material 
cover for three nights camping in tall alpine herbfields and subalpine grasslands in Kosciuszko 
National Park. Each time period was analysed separately. 

   Dead material Graminoid Herb 
Source Time df F p F p F p 
Time Initial vs. 2 weeks 1 28.982 0.000 0.221 0.644 2.432 0.136 
  Initial vs. 6 weeks 1 17.547 0.001 11.588 0.003 0.316 0.581 
Time * Community Initial vs. 2 weeks 1 12.519 0.002 3.959 0.062 2.500 0.131 
  Initial vs. 6 weeks 1 7.597 0.013 0.803 0.382 1.148 0.298 
Time * Treatment Initial vs. 2 weeks 2 8.167 0.003 0.170 0.845 2.530 0.108 
  Initial vs. 6 weeks 2 3.954 0.038 0.019 0.982 1.572 0.235 
 

  Dead material Graminoid Herb 
Source df F p F p F p 
Time 2 13.77 0.000 5.593 0.014 1.739 0.190 
Time * Community 2 5.949 0.011 2.232 0.138 1.677 0.201 
Time * Treatment 2 8.642 0.002 0.170 0.845 1.823 0.146 
Time * Community * Treatment 2 2.163 0.144 1.573 0.235 0.824 0.519 
 

Treatment Treatment 2 weeks
after

6 weeks
after

Tent Activities 0.859 0.713
Control Tent 0.040 0.279
Control Activities 0.014 0.074
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Figure 5.3: Absolute and relative mean (± 1 SE) dead material in control, tent and activity areas at 
three night camping sites in tall alpine herbfields and subalpine grasslands before (■), two weeks 
after (▲), six weeks after (●) and one year after (□) camping in Kosciuszko National Park. 
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Figure 5.4: Absolute and relative mean (± 1 SE) graminoid cover in control, tent and activity areas 
at three night camping sites in tall alpine herbfields and subalpine grasslands before (■), two 
weeks after (▲), six weeks after (●) and one year after (□) camping in Kosciuszko National Park. 
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Figure 5.5: Absolute and relative mean (± 1 SE) herb cover in control, tent and activity areas at 
three night camping sites in tall alpine herbfields and subalpine grasslands before (■), two weeks 
after (▲), six weeks after (●) and one year after (□) camping in Kosciuszko National Park. 

 

Relative increases in dead material with camping appear to have been greatest in the subalpine 

community, possibly due in part to the small cover of dead material in this community before 

camping (Figure 5.3). At two weeks, dead material cover in the tent areas increased to 

136% (± 20%) of initial cover in tall alpine herbfields and to 338% (± 102%) in subalpine 

grasslands. In the activities area, dead material increased to 149% (± 10%) of initial cover in the 

tall alpine herbfields and to 352% (±174%) in the subalpine grasslands. There was no significant 

difference between tent and activity areas at any time (Table 5.14). Six weeks after camping, no 

significant difference in the dead material was found among the three treatments (Table 5.14; 

Figure 5.3). 
 

5.3.2.2 One night camping on tall alpine herbfield 
 

One night camping also appears to have caused an immediate reduction in vegetation height in 

tall alpine herbfields (Figure 5.6). There was a significant time*treatment interaction in the One-

Way Repeated Measures ANOVA (Table 5.15). When the contrasts from this ANOVA were 

examined, however the only significant difference in vegetation height was between before and 

immediately after camping (Table 5.16). When vegetation height was compared among 

treatments at each time after camping, the only significant difference was between the tent and 

control areas immediately after camping (Table 5.17; Table 5.18). 
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Figure 5.6: Absolute and relative mean (± 1 SE) vegetation height in control, tent and activity 
areas at one night camping sites in tall alpine herbfields before(■), immediately after( ), two 
weeks after (▲), six weeks after (●) and one year after (□) camping in Kosciuszko National Park. 

 

Table 5.15: Results from One-Way Repeated Measures ANOVA examining changes in vegetation 
height for one night camping in tall alpine herbfields in Kosciuszko National Park (time = initial, 
immediately after, two weeks and six weeks after camping; treatment = tent, activities and 
control). 

Effect df F p 
Time 3 21.619 0.000 
Time * Treatment 6 5.652 0.002 
 

Table 5.16: Contrast results between times from a One-Way Repeated Measures ANOVA in the 
first six weeks for vegetation height for one night camping in tall alpine herbfields in Kosciuszko 
National Park (time = initial, immediately after, two weeks and six weeks after camping; 
treatment = tent, activities and control). 

Table 5.17: Results from a series of Randomised Block ANOVAS comparing zones treatments 
(tent, activity and control) for vegetation height for one night camping in tall alpine herbfield in 
Kosciuszko National Park. Each time period was analysed separately. 

Table 5.18: Significance values for post hoc test (Tukey’s) between treatments for vegetation 
height for one night camping in tall alpine herbfields in Kosciuszko National Park. Each time 
period was analysed separately. 

Treatment Treatment Immediately 
after 

2 weeks 6 weeks

Tent Activities  0.386 0.976 0.830 
Control Tent 0.040 0.209 0.696 
Control Activities  0.161 0.168 0.404 
 

 

Source Time df F p 
Time * Treatment Initial vs. Immediately after 2 10.794 0.010 
  Initial vs. 2 weeks 2 1.831 0.239 
  Initial vs. 6 weeks 2 0.706 0.530 
 

Immediately after 2 weeks 6 weeks
df F p F p F p

Treatment 2 7.431 0.045 3.215 0.147 1.054 0.429
Site 3 11.301 0.023 10.776 0.025 17.985 0.010
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Unlike three nights camping, one nights camping on the tall alpine herbfield, did not result in any 

increase in the cover of dead material at any time and had no effect on graminoid or herb cover 

within the first six weeks of camping (Figure 5.7; Figure 5.9; Table 5.19). There was no significant 

treatment effect for dead material, graminoid or herb cover in the One-Way Repeated Measures 

ANOVA’s (Table 5.19). While there appears to be no significant increase in dead material after 

one year (Figure 5.7), there were changes in both the graminoid and herb cover (Figure 5.8; 

Figure 5.9). Whether these changes were a result of camping or of natural factors however, is 

unknown as only one site could be re-measured.  

 

Table 5.19: Results from One-Way Repeated Measures ANOVA examining changes in cover 
categories for one night camping in tall alpine herbfields in Kosciuszko National Park (time = 
initial, immediately after, two weeks and six weeks after camping; treatment = tent, activities and 
control). 
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Figure 5.7:  Absolute and relative mean (± 1 SE) dead material in control, tent and activity areas at 
one night camping sites in tall alpine herbfields before (■), two weeks after (▲), six weeks after 
(●) and one year after (□) camping in Kosciuszko National Park.  
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Figure 5.8: Absolute and relative mean (± 1 SE) graminoid cover in control, tent and activity areas 
at one night camping sites in tall alpine herbfields before (■), two weeks after (▲), six weeks after 
(●) and one year after (□) camping in Kosciuszko National Park. 

  Dead material Graminoid Herb 
Source df F p F p F p 
Time 2 1.402 0.284 1.794 0.208 0.923 0.456 
Time * Treatment 2 2.129 0.140 0.494 0.741 3.931 0.081 
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Figure 5.9: Absolute and relative mean (± 1 SE) herb cover in control, tent and activity areas at 
one night camping sites in tall alpine herbfields before (■), two weeks after (▲), six weeks after 
(●) and one year after (□) camping in Kosciuszko National Park. 

 

5.3.2.3 General observations 
 

Additional impacts were also recorded at each of the camping sites. Fire scars for example, were 

found at all of the subalpine camping sites (Table 5.20). These varied in size, though were 

typically small. Minor amounts of rubbish (five or less pieces) were also found at many of the 

campsites while at one campsite in the subalpine grasslands, four trees had clearly been damaged 

by axes (Table 5.20). This appeared to in part be a result of firewood collection, however some 

appeared to be simply malicious.  
 

Table 5.20: Additional damage or evidence of campsite use at camping sites (one and three 
nights) in tall alpine herbfields and subalpine grasslands in Kosciuszko National Park (small fire 
scar = >0.15m2; large fire scar = 0.5m2; minor litter = >5 small pieces). 

Community Nights Site Fire Scar Litter Comments 
Tall alpine  
herbfield 

3 nights 
camping 

1 No No  

  2 No Minor  
  3 No Minor  
  4 No No  
 1 night 

camping 
1 No Minor  

  2 No No  
  3 No No  
  4 No No  
Subalpine 
grasslands 

3 nights 
camping 

1 Small Minor  

  2 Small No  
  3 Large Minor through 

camp and 
substantial cans 
and plastic in fire 

Axe marks on 
tree, fire wood 
pile created. 

  4 Small No  
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5.4 DISCUSSION  

5.4.1 Monitoring visitor use 
 

Based on the approach used in Chapter 4 for extrapolating visitor numbers, it is estimated that 

approximately 1 900 campers entered the Kosciuszko alpine area during the 1999/2000 

non-winter period. This may have increased if surveys had continued after 4pm each day. 

Although no direct data was collected on visitor use of the subalpine zone, it is suggested that 

camping could be substantially higher in this area as it covers an estimated 15% of Kosciuszko 

National Park (Mansergh et al. 2004).  

 

Group size was found to be smaller in the alpine area in this study (generally in groups of less 

than four) than in earlier research (Stankey 1986) indicating a shift in visitation preferences (Table 

5.21). These results indicated that the experimental trials appropriately examined the impacts of 

small groups.  
 

Table 5.21: Comparison between Stankey (1986) and this study of camping group sizes entering in 
the Kosciuszko alpine area during the non-winter period. 

Group size n 1 2 – 3 4 – 5 6 – 9 10+ 
1999/2000 Survey  157 13.7% 70.1% 13.3% 2.2% 0.7% 
Stankey (1986) 277 8% 43% 20% 15% 14% 

 

The majority of groups (72%) set out camping at the peak periods associated with public holidays 

(New Years period and Easter). With such concentrated use, camping impacts may be higher at 

some popular sites than those found for the experimental camping. Correspondingly, impacts 

from the few large school groups that use the alpine and subalpine areas for camping activities 

may also have been greater on the vegetation than those found for the experimental camping. 

 

Information on the time of year and time of day people go camping is likely to assist in the 

management of camping in at least the Kosciuszko alpine area where there are few entry points. 

For example, where educational material or information is to be disseminated to camping groups, 

information provided at road heads on Friday afternoons during peak periods and Saturday 

mornings during non peak periods would be accessed by a large proportion of campers that use 

this area.  
 

5.4.2 Impacts of camping on vegetation  
 

Camping for both one and three nights affected vegetation height in tall alpine herbfields, but to 

different extents. For three nights camping, there was a decrease in vegetation height immediately 

after camping for both the tent and activity area while for one night camping, the decrease in 
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vegetation height only occurred in the tent areas. For one night camping, vegetation height had 

recovered by two weeks while the greater intensity of use associated with three nights camping 

appears to have resulted in more damage. Similar impacts to those found for three nights 

camping in tall alpine herbfield sites were found for subalpine grassland sites. 

 

Camping for three nights, did cause a short term increase in dead material in both communities, 

with the size of the effect greater in the subalpine grasslands. However, six weeks after camping 

there was no difference in the cover of dead material among the control, tent or activities areas in 

either community indicating that the effect was short lived. Although the amount of dead 

material increased with camping, there was no significant decrease in graminoid or herb cover for 

three nights in either the tall alpine herbfields or the subalpine grasslands. Camping for one night 

had no effect on dead material, graminoid or herb cover in the tall alpine herbfields. Although 

there were few sites that could be measured one year after camping, it appears that there were no 

differences in any vegetation parameter between the control, tent or activity areas in either 

community at these sites.  

 
The results indicate that the tall alpine herbfield and subalpine grassland communities are 

relatively resistant and resilient to one off, short term recreation activities such as camping in 

small groups. Other studies have also indicated that low intensity camping  (≤ 4 people, ≤ 3 

nights) in high elevation areas may have short term impacts on vegetation cover and height, with 

communities dominated by forb and graminoids recovering within a year (Cole 1995b; Gnieser 

2000). For example, the impact of one tent for two consecutive nights on five vegetation 

communities in the Yukon area of northern Canada, were short lived (Gnieser 2000). After two 

weeks, relative vegetation cover for vascular plants was on average 89% of initial conditions in all 

communities. In a forb dominated meadow community, relative height was reduced to 51% of its 

original height immediately after camping. One year after camping both vegetation height and 

vascular vegetation cover had completely recovered in most communities. 

 
Some experimental studies on mountain vegetation communities however, have found more 

severe effects of camping. In a subalpine herbaceous community in the United States (Valeriana 

sitchensis: one of four communities studied over a range of elevations), relative vegetation cover 

was reduced to 54% after one night camping and 42% after four nights camping (Cole 1995b). At 

the Valeriana sitchensis sites, vegetation cover in the tent area was least affected, while in the areas 

equivalent to the activities areas in the study reported here (kitchen area and pack storage areas), 

the greatest reductions in vegetative cover occurred. After one year however, differences in 

internal zonation were no longer evident for relative vegetation cover with substantial recovery 

having occurred. For relative vegetation height, marginally greater reductions were evident for 

Valeriana sitchensis sites camped on for four nights (29% of original height) than for one night 
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(35% of original height). Height was also significantly different between the kitchen area and the 

tent area in both one and four night campsites. Some height differences remained evident after 

one year. 

 
Limitations exist when comparing among studies however. In the Gnieser (2000) study, only one 

tent was used for two nights and there was only one site and no replication for each of the five 

vegetation communities examined. As such, the results may have been site specific rather than 

reflecting differences in vegetation communities. In the Cole (1995c) study, four vegetation 

communities were examined, with three sites for one and four nights camping for each 

vegetation community. These vegetation communities however, were located across a number of 

climatic zones with only one subalpine community (Valeriana sitchensis) comparable with this 

study. 

 

Despite these limitations, some common patterns can be used to indicate the possible impacts of 

camping in other vegetation communities in high elevation areas of Australia. For example, 

communities of low growing prostrate shrubs tend to be affected for longer than communities 

dominated by graminoids and herbs (Cole 1995b; Gnieser 2000). In the Australian Alps this 

indicates that communities dominated by shrubs such as Kunzea or Epacris may be particularly 

susceptible to camping. Camping in mixed shrub and bog communities also has a lasting impact 

with the tent “footprint” still having a noticeable depression after one year (due to species such 

as Sphagnum) (Gnieser 2000). Though camping is less likely to occur in communities containing 

large amounts of Sphagnum in the Australian Alps due to the wet nature of such communities, 

similar impacts from tents are probable. 

 

As was discussed in Chapter 2, the impacts of camping also vary with visitor behaviour. In some 

cases differences can occur as a result of user groups (for example horse riders vs. bushwalkers) 

(Cole 1983), while others are the result of different attitudes to the environment. In the research 

presented here, additional obvious visual impacts occurred within some sites that were not 

specifically quantified (Table 5.20). Within the alpine campsites, additional evidence of use was 

limited to minor rubbish being left at some sites. Within the subalpine sites however, there was 

damage from campfires. Although the minimal impact codes given to the volunteer campers 

recommended using stoves when camping in the Australian Alps, campfires were established at 

all four sites in the subalpine grassland. In most cases, the resulting fire scars were small (0.15 m2) 

possibly reflecting the campers intention to keep impacts minimal (Plate 5.1a). Despite this, fire 

scars will take years to recover and may serve to attract camping groups in the future (Hardie 

1993).  

 

Interestingly, three of these subalpine campfires were reported as being only for social reasons 
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rather than cooking. Using fuel stoves for cooking while having social fireplaces at the same site 

is not uncommon. In a study of eight wildernesses across the United States for example, it was 

found that although most campers preferred to use fuel stoves for cooking, more than 50% of 

groups still had at least one campfire during their trip (Christensen & Cole 2000). In Australia, 

similar observations have been made about campfires use within the Mt Bogong area in Victoria, 

with more than half of campers lighting a fire (Hardie 1993).  
 

There were other ways in which some camping groups did not follow the minimal impact 

approach. At one subalpine grassland site, the size of the fire scar was large (0.5 m2, Plate 5.1b) 

and there was damage to Snow gums associated with inappropriate behaviour and fire wood 

collection (Plate 5.2). At one point, the fire was left burning and unattended while the campers 

undertook day activities. A moderate amount of litter (including burnt cans and food wrappers) 

was also left behind. This indicates that minimal impact information provided to visitors to 

protected areas is not always completely successful. Indeed, in some cases, it has been found that 

minimal impact behaviour often needs to be demonstrated as well as verbally requested before 

adherence occurs (Littlefair 2003). 
 

5.4.3 Managing camping in Kosciuszko National Park 
 

There are a range of techniques available for reducing the impact of camping which do not 

require hardening of the environment: limiting use; dispersal of use; concentration of use; 

restrictions on types of use; limiting the size of group; and increasing educational approaches for 

visitors (Hammitt & Cole 1998). Although all of these approaches have the potential to minimise 

negative environmental impacts, each may have a different effect on visitors to an area. As 

provision for recreational use of Kosciuszko National Park is mandated for the National Parks 

and Wildlife Service, appropriate approaches must be used in order to balance user demands and 

environmental needs. 
 

Within Kosciuszko National Park, there are few limits placed on campers (as discussed in 

section 5.1.2) with a dispersed camping policy currently promoted. Indeed, one objective has 

been to influence campers to disperse throughout the alpine area, rather than using regular 

campsites (Mackay 1983). Through advocating dispersed camping, the aims of management have 

been to reduce the frequency of camping at any one place and thus avoid or minimise permanent 

impacts. While this approach for the alpine area appears to be appropriate with the experimental 

study indicating that impacts are likely to be minimal for small groups of campers for short 

durations, there are however only so many favourable sites in such a small exposed area. Thus 

favourable sites may be used several times during each summer causing damage. Repeat camping 

trials may resolve uncertainties.  
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Plate 5.1: (a) A small fire scar vs. (b) a large fire scar where camping group behaviour was poor at 
an experimental campsite in subalpine grasslands in Kosciuszko National Park.  

   

Plate 5.2: Hatchet marks in Snow gums (Eucalyptus niphophila) where group behaviour was poor 
at an experimental campsite in subalpine grasslands in Kosciuszko National Park. 

 
 

(a) (b) 



 

91 

This research presented here assumes that visitors camp on tall alpine herbfields in the alpine 

area. This is a fair assumption. Areas where Sphagnum is prominent for example, are wet and can 

often contain the prickly shrub Richea continentis and therefore are unlikely to be frequently used. 

Feldmark and short alpine herbfield communities are similarly likely to be less popular as they 

occur on steep slopes and are either rocky and windy (feldmark) or regularly wet (short alpine 

herbfields).  

 

Within the subalpine area, a dispersed camping policy is also appropriate from an environmental 

perspective with the experimental campsites identifying minimal impacts to vegetation height and 

cover from tent and general camping activities at low levels of use. However, unlike camping 

within the tall alpine herbfield community, campfires are permitted in the subalpine area. These 

can have lasting impacts and are the enduring evidence of previous site use. Also damage to trees 

occurred in the subalpine indicating that there can be severe impacts on vegetation when 

camping in the subalpine area. Continued encouragement of a “fuel stove only” policy is 

recommended. 

 

Dispersed camping is also practical. With alpine and subalpine areas representing a large area of 

land within the Australian Alps, other options would be difficult to enforce. The current 

approach therefore, of supplementing camping activities with educational material such as the 

“leave no trace” campaign and minimal impact brochures, seems most suitable for the area. At 

current camping intensities, there is no immediate need to implement restrictions on small 

groups of campers as a result of environmental impacts on vegetation in these communities. 

 

5.5 CONCLUSION   
 

This study illustrates that some high elevation vegetation communities are relatively resistant to 

damage from low level recreation activities apart from those caused by campfires and axe marks 

on trees. Where groups sizes remain small and camping occurs on vegetation communities such 

as the tall alpine herbfields and subalpine grasslands in Kosciuszko National Park, the dispersed 

camping policy is likely to minimise damage from camping in the long term if minimal impact 

approaches are actually implemented.  

 

There are however, other activities associated with camping. When undertaking camping in 

un-tracked backcountry areas for example, most visitors will inevitably trample underlying 

vegetation. The following chapter therefore, examines the damage and thresholds of vegetation 

associated with trampling activities within the tall alpine herbfields and subalpine grasslands of 

Kosciuszko National Park. 
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CHAPTER 6 TRAMPLING 

 
 

6.1 INTRODUCTION 
 

The impacts of trampling on vegetation and soil are perhaps one of the most extensively studied 

areas in recreation ecology. Research has been undertaken in a wide range of environments 

including coastal sand dunes and corals (Liddle & Greig-Smith 1975b; Liddle & Kay 1987;  

Liddle 1991), subalpine ecosystems (Calais & Kirkpatrick 1986; Cole & Trull 1992; Monz et al. 

1994; de Gouvenain 1996; Hartley 2000; Whinam & Chilcott 2003), alpine vegetation and arctic 

tundra (Edwards 1977; Willard & Marr 1970; Grabherr 1982; Whinam & Chilcott 1999; Gnieser 

2000; Monz 2002; Cole & Monz 2002; McDougall & Wright 2004) over elevational gradients 

(Cole 1995b), desert environments (Cole 1986b), montane environments and forests (Dale & 

Weaver 1974; Bayfield 1979; Cole 1985a), tropical rainforests (Sun & Liddle 1993a; Talbot et al. 

2003) and in and around urban environments (Hobbs 1988; Jim 1998). These studies have 

indicated that the intensity of impact and the time of recovery can vary depending on specific 

environmental conditions at the site (see Chapter 2). 

 

Understanding the ecological consequences of disturbances to vegetation and soils in high 

elevation vegetation communities, including disturbance from trampling, is important as these 

environments are easily damaged and can require long periods to recover from even limited 

degradation (Liddle 1997; Körner 1999; Leung & Marion 2000). Accordingly, trampling studies 

have been conducted in mountain environments around the world including North America 

(Cole 1985a; Cole 1993; Monz 2002; Cole & Monz 2002), Europe (Bayfield 1979; Grabherr 1982) 

and in Tasmania, Australia (Whinam & Chilcott 1999; 2003).  

 

Although the impact of trampling in the alpine and subalpine areas of the Australian Alps has 

been recognised (Edward 1977; Keane et al. 1979; NSW NPWS 1982, 2004), limited work has 

been undertaken in the area to directly relate intensity of trampling to level of damage. Most 

studies were either observational or compared previous damage with undisturbed areas (Edwards 

1977; Keane et al. 1979; Virtanen 1993; Scherrer 2003; McDougall and Wright 2004). Research 

into impacts of trampling is important, as the results of other studies can not be directly applied 

to the Australian Alps, as the area has deep organic soils and is almost completely covered by 

vegetation unlike many high elevation environments elsewhere in the world (Good 1992a). This 

chapter therefore, examines the impacts of trampling in major vegetation communities found 

within the alpine and subalpine areas of Kosciuszko National Park. 
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6.1.1 Research approaches 
 

A number of approaches have been used to assess the impact of trampling in protected areas. 

One approach is qualitative observation where the amount of damage adjacent to established 

hardened and unhardened tracks has been noted and used to infer the relative resistance of 

different species or communities to trampling damage (eg. Edwards 1977; Keane et al. 1979; 

Willard & Marr 1970). A second approach is to do quantitative research by comparing existing 

damage with adjacent sites while estimating the number of tourists using the track in a given year 

(Grabherr 1982; Calais & Kirkpatrick 1986). Combinations of experiments and track surveys 

have also been undertaken (Hartley 2000). 

 

A third approach is to use a Before, After, Impact, Control (BACI) design to assess increasing 

intensities of trampling on previously undisturbed environments. This is the most useful 

approach in linking environmental durability with levels of recreational use. Such studies can 

identify thresholds before unacceptable amounts of damage occur through using increasing 

applications of trampling within a specific area and are of great value in providing site specific 

information on the response of plant communities to human disturbance (Monz 2000). While 

experimental trampling studies may not exactly duplicate the disturbance that would occur from 

actual use, such approaches are an effective means of examining the responses to short term and 

repeated trampling in specific environments (Cole & Bayfield 1993; Monz 2000). This has 

allowed for more reliable and accurate information to be collected (Sun & Walsh 1998; 

Monz 2000). 

 

Though numerous experimental approaches have been used in the past to determine community 

thresholds to trampling (Hartley 1976; Bayfield 1979; Cole 1985a), a standardised set of 

experimental procedures was proposed in 1993 by Cole & Bayfield which improved 

comparability between studies and ecosystems. This approach provided a method for measuring 

the impact of different intensities of trampling on previously undisturbed vegetation and the 

recovery rate of the vegetation and has now been widely used around the world (Cole & Bayfield 

1993). 

 

6.1.2 Trampling impacts 
 

Trampling has three primary effects on the environment: abrasion of vegetation, abrasion of 

organic soil horizons and compaction of soils. This is largely a result of the mechanical action 

involved with trampling that can bruise, sheer off, crush and uproot plants (Cole 2004). There are 

also a range of secondary effects, many of which are linked (Figure 6.1). 
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Figure 6.1: The main effects of trampling and the associated follow on impacts (adapted from Cole 
2004). 

 

Measures of the impact of trampling include changes in vegetation cover and height and 

alterations to species diversity and abundance. These indicators are often interactive, with 

impacts to one factor influencing others. For example, a reduction in vegetation height after 

trampling can affect growth, cover and reproduction through reductions in leaf area and 

subsequent carbohydrate reserves (Hartley 2000; Cole 2004). 

 

As vegetation cover decreases, the frequency of occurrence of individual species can change. At 

moderate trampling levels, the frequency of some species may increase due to decreased 

competition from other less resistant species and new localised environmental conditions 

(Cole 2004). Alternatively, where a species has a low resistance, frequency may decrease. Species 

diversity can also change due to trampling. Trampling can reduce diversity as species with low 

resistance to disturbance die. Additional species, such as colonising natives and weeds, can also 

become established after trampling (Cole & Hall 1992; Whinam & Chilcott 1999).  

 

Impacts to vegetation are closely inter-related with those of soils. Trampling often causes soil 
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compaction and remove surface organic matter, which in turn affects the water holding capacity 

of the soil (Cole 1985a; Liddle 1997). While trampling has not always been shown to affect soil 

moisture contents (Grabherr 1982), generally a reduction in soil macro pores due to compaction 

can reduce the infiltration rate resulting in increased runoff and erosion potential (Cole 2004). 
 

6.1.3 Factors influencing response of vegetation 
 

As discussed in Chapter 2, there are three factors that contribute to the response of vegetation 

communities to trampling: environment (from climate to physiographic location), stress (in the 

form of intensity, frequency and type of use) and plant morphology (Kuss 1986). Stress 

associated with increasing intensities of trampling and frequency of use, results in increased 

damage to the environment. With experimental studies, it may be possible to identify a primary 

threshold before significant damage occurs and a secondary threshold where there are 

unacceptable levels of use that result in significant damage (Chapter 2). Type of trampling, 

whether human or animal, will also influence the amount of damage and rate at which thresholds 

are exceeded (Cole & Spildie 1998; DeLuca et al. 1998), as will type of shoe and trampler weight 

(Cole 1995c). 

 

Previous research, has suggested that there is no clear difference between trampling concentrated 

at one time or spread over several months, especially when trampling intensities are high (Cole & 

Bayfield 1993). At lower intensities however, trampling applied all at one time may cause less 

damage than trampling spread over a longer period of time suggesting that results from 

experiments where trampling is applied at one time may represent a best case scenario (Hylgaard 

& Liddle 1981; Cole 1985a). Further, trampling across an undisturbed area often occurs over 

multiple years, so impacts may continue to compound. Repeated trampling trials over 

consecutive years for example, have shown a significant impact upon vegetation communities 

with threshold levels reducing and recovery times increasing (Cole & Monz 2002; Whinam & 

Chilcott 2003). 

 

The amount and type of stress that results in unacceptable levels of damage varies among 

communities and is affected by community structure and individual species morphology 

(Liddle 1997). Indeed, plant height and morphological structure appears to be strongly associated 

with resistance and can, for example, result in some alpine vegetation communities being more 

resistant to trampling than subalpine vegetation types. This is because they have a large 

proportion of turf forming graminoids such as Poa and Carex species compared to the subalpine 

vegetation types (Sun &  Liddle 1993b).  
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In previous experimental studies, graminoid species have often been found to be more resistant 

to damage than herbaceous and shrub species (Cole & Trull 1992; Monz et al. 1994; Liddle 1997; 

Whinam & Chilcott 1999; Cole & Monz 2002). For example, in areas of untracked alpine 

vegetation in Tasmania, threshold levels for grassland communities were around 700 passes with 

damage still evident after 12 months. Shrubs and shrublands in the same study however, had a 

lower threshold of disturbance with damage occurring between 200 and 500 passes which 

remained evident after 12 months (Whinam & Chilcott 1999). Herb and forbs often have low 

resistance to damage but high resilience when compared to shrub species (Gnieser 2000).  

 

6.1.4 Previous research in Kosciuszko National Park  
 

Within the alpine and subalpine zones of Kosciuszko National Park there are numerous 

hardened walking tracks and management trails allowing visitors to experience large areas of the 

Park. These trails frequently access areas of interest such as huts and other historic buildings, 

mountain peaks, glacial lakes and view points. Many visitors however, leave the hardened tracks. 

This occurs for a range of reasons including a desire to reach back country areas, to visit late lying 

snow drifts, to camp away from high use areas or to experience a more natural landscape away 

from development (Johnston & Pickering 2001b). Off track walking, or trampling, can result in 

the formation of informal tracks and cause other damage to the environment.  

 

Understanding the impacts of trampling and the use thresholds of major vegetation communities 

is important with summer visitor numbers expected to continue increasing. While many visitors 

are content to stay on hardened tracks, many do not feel that they should be required to stay 

within designated areas. For example in a survey by Stankey (1986), when visitors were asked if 

they should be required to remain on walking trails 50% disagreed while only 40% agreed.  

 

Impacts of trampling in Kosciuszko National Park have been recognised, although most studies 

have been observational rather than manipulative experiments on undisturbed vegetation. For 

example, in the alpine area the impacts of trampling have been noted as “first causing mechanical 

damage to plant leaves, reducing plant height. Continued trampling kills the above ground plant 

stems and leaves and prevents new growth. Topsoil is exposed which can be easily eroded” 

(Keane et al. 1979 p.9). Despite observing that there was damage, the intensity of trampling was 

not quantified and there was no clear record on how quickly damage could occur. What is not 

clear is at what intensity of use does damage start to occur and is there a secondary threshold 

above which further use would not result in additional damage.  
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Comparisons of relative cover and species composition have been made along walking tracks and 

on adjacent undisturbed areas within Kosciuszko National Park to determine the impact of 

pedestrian traffic on some of the major alpine vegetation communities (Edwards 1977; Scherrer 

2003; Hill & Pickering In Press). Within the area, the tall alpine herbfields are the most extensive 

community and the most heavily used. Fortunately, the dominant species also appear to be the 

most resistant to damage (Edwards 1977). This resistance is attributed to “tough” species 

including the native snow grass Poa (Snow grass), the native herb Celmisia and re-colonising 

species such as Carex species. 

 

Wet communities such as bogs however, have been described as easily disturbed. Damage from 

trampling in bogs, often results in the rapid compaction of Sphagnum mosses and can result in the 

death of surrounding shrubs such as Richea continentis (Candle Heath) and Epacris species 

(Southern Heaths) which have a low resistance to tramping (Edwards 1977). Following 

disturbance, such areas quickly develop into wet and muddy quagmires with artificial channels 

which change water movements within the bog (Edwards 1977; Keane et al. 1979). Changes in 

species composition can also occur, with Carex spp. often growing in the exposed gaps. As such, 

when walkers pass through these areas, rapid damage may occur (although the rate has not be 

quantified) and result in a maze of informal tracks developing over time (Virtanen 1993). 

Fortunately, these communities are often avoided by walkers because they are wet with people 

going around the margins of bogs (Keane et al. 1979; Virtanen 1993).  

 

Windswept feldmark vegetation occurs on the exposed tops of the highest mountain ridges in the 

Kosciuszko alpine area. In a comparative study it was found that there was low species richness 

and abundance on the middle of a track compared to the windward areas adjacent the to the 

track. For three species there was also lower abundance on the leeward edge of the track as a 

result of damage to the slow growing prostrate shrub Epacris gunnii on the track. Individual E. 

gunniii tend to grow slowly downwind while dying back on the windward side and thus their 

‘migration’ across the ridge line is interrupted by the track. As this species provides protection for 

others, damage to it on the track over time appears to have resulted in a reduction in the 

abundance of the other taxa on the leeward side of the track (McDougall & Wright 2004).  

 

It has been suggested that dispersed walking rarely causes significant damage if people walk along 

unmarked tracks and do not reuse the same route (Virtanen 1993). In reality, this rarely occurs, 

with people preferring to follow a track that is marked by signs of previous use, pole markers or 

foot pads (Virtanen 1993). Therefore it is important to determine the level of use at which 

damage becomes apparent and footpads begin to form.  
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6.1.5 Aims and objectives 
 

In order to quantify the relationship between trampling and vegetation damage, a manipulative 

field experiment using a BACI design was conducted in the alpine and subalpine zones of 

Kosciuszko National Park for three communities: tall alpine herbfields, subalpine grasslands and 

valley bogs. The effects of trampling once at various levels of intensity were examined (principal 

trampling) for all three communities. For tall alpine herbfields and subalpine grasslands, sites 

were trampled again a year later to simulate annual visitation (repeat trampling).  

 

The five main objectives for this study were to: (1) examine the relationship between use and 

damage in three Australian high elevation vegetation communities; (2) describe the effects of 

trampling on three major vegetation types in Kosciuszko National Park; (3) determine how much 

damage may be present one year following trampling (ie. how much recovery can occur in a year); 

(4) determine if the magnitude of vegetation response of repeat trampling differs from trampling 

at one time; and (5) determine if the responses of these vegetation communities to trampling is 

similar to communities in mountain environments in other parts of the world.  

 

In order to address these objectives, specific questions were proposed: (1) Does increasing 

intensity of trampling have a detrimental effect on vegetation structure (ie. vegetation height and 

cover)? (2) Does increasing intensities of trampling have a detrimental effect on vegetation 

composition (ie. species richness and frequency)? (3) Does increasing trampling cause a 

significant change in soil surface compaction? (4) Does repeat trampling after one year cause 

more damage than occurred during principal trampling? (5) At what intensity of trampling are 

significant differences found between trampled and undisturbed vegetation? (6) Are there 

differences in recovery between treatment intensities? 

 

6.2 METHODS 

6.2.1 Site description 
 

Experimental trampling lanes were established in three vegetation communities in Kosciuszko 

National Park: tall alpine herbfields, subalpine grasslands and valley bogs. The first two 

communities are the most widespread in the alpine and subalpine zone respectively. Valley bog 

communities were selected because they are considered to be particularly sensitive to disturbance 

and exist across a number of climatic zones (Edwards 1977; Keane et al. 1979; Costin et al. 2004).  

 

Five sites were selected in each community in relatively flat and undisturbed areas (Figure 6.1). 

The impact of trampling on the tall alpine herbfield community (the Poa – Celmisia alliance) was 
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examined as it is the most extensive community in the alpine zone (Costin 1954). Located above 

approximately 1860 metres, tall alpine herbfields are the most species rich of the alpine 

communities and often display large fields of colourful flowers during the summer. This attracts a 

large number of visitors each year with many visitors going off track to view them (Author obs.) 

Once disturbed, tall alpine herbfields are slow to recover (Costin et al. 2000; Johnston et al. 2003; 

Scherrer 2003). Subalpine grasslands occur interspersed within Snow gum woodlands (Eucalyptus 

niphophila) and are located in elevations between 1500 and 1860 metres (Costin et al. 2000). This 

community is widespread in the subalpine zone and is likely used by most visitors departing off 

tracks when bushwalking. Finally, five sites were selected in valley bog communities located in 

the upper elevational range of the subalpine zone. Epacris glacialis, Richea continentis and Sphagnum 

moss are the primary species found in this community.  

 

6.2.2 Experimental (BACI) trampling trials in tall alpine herbfields and 
subalpine grasslands 

 

At each site, the effect of six intensities of trampling were examined using a randomised  block 

design (Cole & Bayfield 1993). Treatments were a control (no trampling) and 30, 100, 200, 500 

and 700 passes. Each pass was considered to be a one way walk, at a natural gait, along a 

treatment lane. These treatment intensities were selected as previous studies in alpine areas had 

found that these levels can cause damage (Cole & Bayfield 1993; Whinam & Chilcott 1999; Monz 

2002). It is likely therefore, that this range may cover a primary threshold before significant 

damage occurs, and it may include a secondary threshold where increasing use does not result in 

further damage. In several studies of equivalent communities, the loss of more than 50% 

vegetation cover has occurred in this range (Cole & Bayfield 1993; Whinam & Chilcott 1999; 

Monz 2002). This proportional loss has frequently been used to compare the effect of trampling 

between different vegetation communities (Liddle 1975a; Liddle 1975b). 

 

An area of 15 m2 defined each site, with six lanes each 3 m long and 50 cm wide located within 

the area (Figure 6.2). The length of these lanes minimised the amount of damage occurring 

within the area, while allowing volunteers to walk at their natural gait. A 40 cm wide strip 

separated each lane allowing researcher access to the treatment lanes. Treatments were randomly 

assigned to trampling lanes.  
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Table 6.1: Site locations for trampling in tall alpine herbfield, subalpine grassland and valley bog 
communities in Kosciuszko National Park in January 2002. 

Community Site Longitude Latitude Elevation (m) 
1 149° 18' 21.7'' 36° 24' 57'' 1955 Tall alpine 

herbfield 2 148° 18' 47'' 36° 25' 06.7''  1940 
 3 148° 18' 50.2'' 36° 26' 24.8'' 1890 
 4 148° 18' 03.8'' 36° 27' 27.4'' 1975 
 5 148° 18' 35.9'' 36° 26' 28.4'' 1890 

Subalpine  1 148° 28' 08.1'' 36° 22' 16'' 1670 
grasslands 2 148° 26' 41.7'' 36° 23' 34.4'' 1705 
 3 148° 30' 37.1'' 36° 21' 51.1'' 1600 
 4 148° 27' 39.4'' 36° 22' 03.6'' 1645 
 5 148° 25' 53.1'' 36° 23' 02.8'' 1710 

1 148° 23' 24.4'' 36° 25' 04.2'' 1812 Valley bogs 
2 148° 22' 17.9'' 36° 25'  5.7'' 1758 

 3 148° 22' 33.2'' 36° 25' 50.9'' 1755 
 4 148° 21' 34.8'' 36° 25' 40.4'' 1745 
 5 148° 20' 48.0'' 36° 26' 40.2'' 1762 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2: Size and approximate layout of treatment lanes used for experimental trampling at 
each of five sites in tall alpine herbfields, subalpine grasslands and valley bogs in Kosciuszko 
National Park. 

 

Principal trampling occurred in January 2002 in the middle of the growing season which is the 

most popular time for bushwalking (Chapter 4). Previous trampling studies have suggested that 

the application of trampling at one time was generally (though not always) no different to 

multiple treatments of the same number of passes over the period of a single summer season 

(Bayfield 1979; Cole 1985a; Cole & Bayfield 1993). Accordingly, all trampling was undertaken at 

one time for this study. People applying the trampling weighed approximately 70kg. Trampling 

treatments at all sites was completed under similar dry conditions.  

 

   1                 2                  3                4                 5                 6 Trampling lanes
Access lanes

40 cm                 50 cm

3 m 
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After one year, the tall alpine herbfield and subalpine grassland sites were re-trampled to simulate 

repeated trampling impacts. Damage from repeat trampling was recorded at six weeks and one 

year after re-trampling. Data collected one year after principal trampling was used as baseline 

measurements for the repeat trampling experiment. For the repeat trampling, all five tall alpine 

herbfield sites were re-trampled, however only three of subalpine grasslands sites were re-

trampled as the vegetation at the other two sites had been damaged by bushfires in January 2003. 

 

Cover, height and species richness were measured in each lane immediately before principal 

trampling to determine untrampled condition of the vegetation. The impact of principal 

trampling was estimated by re-recording vegetation height immediately after trampling and all 

vegetation parameters two weeks, six weeks and one year after trampling. 

 

6.2.2.1 Vegetation height and cover 
 

Vegetation height was measured in each lane as it is considered to be a good measure of plant 

vigour (Chapter 2). A total of 50 height measurements were made for each treatment lane (five 

measurements were recorded across each lane in 10 equally spaced rows located along the length 

of each lane). Bare ground was given a value of zero. The average for these 50 measures was used 

to describe the vegetation height of each trampling treatment.  

 

Within each trampling lane, vegetation cover was assessed using four equally spaced 

30 cm * 50 cm quadrats. Within each quadrat, percentage cover of each life form or non-

vegetation category (herbs, graminoids, shrubs, dead material and bare ground) was measured. 

Vegetation cover was visually estimated to the nearest percent with total cover adding up to 

100%. Bare ground was classified as ground not covered by vegetation and could be either 

mineral soil or soil covered by organic material. Dead material in this chapter, included both 

attached dead vegetation and detached litter.  

 

Vegetation height and cover were compared over time, both as absolute and relative values. 

Relative height and cover values were used to remove the effect of factors other than trampling. 

This was done for all treatment lanes at each post trampling measurement time (for both 

principal and repeat trampling) by comparing the change in measurements from the initial 

measurement and multiplying it by a correction factor derived from the controls lanes 

(Cole 1995b). Relative vegetation height at two weeks for example, is calculated by: 

 

Relative vegetation height = (vegetation height at two weeks / initial vegetation height) * cf * 100 
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Where the correction factor (cf) was determined by: 

cf = control initial height / two weeks control height 

 

Relative cover for the major categories (dead material, graminoids and herbs) was determined 

using the same method. Relative cover would be 100% if no change had occurred as a result of 

trampling. Therefore, the extent to which relative cover after trampling deviates from 100% 

provides a measure of the change due to trampling. Relative cover one year after trampling can 

be compared with that shortly after trampling to provide a measure of the rate of recovery 

(Cole & Bayfield 1993). 

 

6.2.2.2 Species richness and net frequency 
 

In each of the four quadrats in each lane, all species (or genera if a taxon could not be identified 

to species) was recorded. From this, species richness (the number of species present) was 

calculated for each lane. As such, species richness was calculated as: 

 

Species richness = (quadrat 1 species richness + new species in quadrat 2 + new species in quadrat 3 

                  + new species in quadrat 4) 

 

Within each lane, species net frequency was calculated by: (1) identifying the number of species 

within each of the four quadrats in each treatment lane and (2) cumulatively totalling species 

richness counts in each quadrat for each lane. Net species frequency within any treatment lane 

was therefore calculated as: 

 

Species net frequency = (quadrat 1 species richness + quadrat 2 species richness + quadrat 3 species richness 

      + quadrat 4 species richness) 

 

In order to identify differences in species frequency over time, a species net frequency difference 

was determined by subtracting total species frequency of subsequent measurement times from 

the initial measurements. Net difference within any treatment lane at two weeks for example, was 

calculated as: 

 

Net difference = initial net species frequency – two weeks net species frequency 

 

6.2.2.3 Frequency of individual species  
 

The frequency of individual species was also calculated for each treatment. Within each treatment 
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lane, species presence/absence was recorded within each quadrat. As there were usually five sites 

within each community and four quadrats within each lane, maximum frequency for a species for 

each treatment lane was 20. The frequency results for each species was reported as a percentage 

of total occurrence (for example if a species was in 14 out of 20 quadrats it is reported as 70%). 

Where individuals could not be classified to species level, genera were reported. 

 

6.2.2.4 Soil compaction 
 

Damage to alpine humus soils, including compaction, as a result of trampling will have negative 

effects on vegetation (Costin 1954). In order to measure possible soil compaction, two bulk 

density samples were collected from each treatment lane at all alpine sites immediately after 

principal trampling. Samples were collected using a steel ring with a volume of 95.85 cm3. After 

collection, samples were weighed and oven dried at 105°C for 24 hours to allow soil water 

content to be calculated and soil bulk density to be determined (Murphy 2000). Bulk density was 

expressed as g/cm3 and was calculated as:  

 

Bulk density = soil mass/cylinder volume   

 

6.2.3 Experimental (BACI) trampling trials in valley bog communities  
 

Five valley bog sites were selected and trampled using methods proposed by Cole & Bayfield 

(1993). However, as previous research indicates that bogs are likely to be easily damaged by 

trampling (Edwards 1977; Gnieser 2000) only three treatment lanes were established at each of 

the bog sites: a control (no trampling), and 30 and 100 passes. Trampling was undertaken during 

March 2003 with measurements of cover, diversity and vegetation height recorded before 

trampling and at two weeks, six weeks and one year after trampling. Repeat trampling was not 

applied to this community to avoid additional damage. 

 

6.2.4    Analysis 

6.2.4.1 Tall alpine herbfield and subalpine grassland communities  
 

Principal and repeat trampling data sets were analysed using SPSS version 10.0. The independent 

variables were treatment (control, 30, 100, 200, 500 and 700 passes) and community (tall alpine 

herbfield and subalpine grassland) with time as the repeated measure. There was a block at the 

spatial scale (sites). Dependent variables analysed included: vegetation height; vegetation cover 

percentages of dead material, graminoids and herbs; and species richness and frequency. Raw 
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data for each timer period can be found in Table 2 and 3, Appendix 3. To satisfy the assumptions 

of the statistical tests (equality of variance and normal distribution) height and cover data were 

transformed. For absolute height data a natural log transformation was used, while for absolute 

percentage cover data an arcsine square root transformation was used.  

 

Analyses were completed on two data sets. The first set, principal trampling, included data 

collected prior to trampling as well as immediately post trampling and at two weeks, six weeks 

and one year after principal trampling. The second data set for the repeated trampling compared 

data prior to repeat trampling (ie one year after principal trampling) and six weeks and one year 

after repeat trampling. 

 

The effects of both principal and repeat trampling were identified using a BACI design. This 

allowed for the determination of changes through time in each vegetation parameter that 

significantly differed from concurrent changes in the control area. These were identified within 

Two-Way Repeated Measures ANOVAs when there was a significant time*treatment or 

time*treatment*community interaction. Differences in the response of the two communities to 

trampling impacts would also be indicated by a significant time*treatment*community 

interaction. As part of the BACI design it is possible to use the contrast results from Two-Way 

Repeated Measures ANOVAs to see if there is a significant effect of treatment before and after 

treatment occurred when parameters were measured at each subsequent time period. As there 

were six treatments (control, 30, 100, 200, 500 and 700 passes) however, a contrast indicates that 

there was a change in the parameters among treatments between before trampling and after 

trampling.  

 

To test if the trampling lanes differ from the control lanes at a given time, a series of Two-Way 

ANOVAs were performed separately for each time period with trampling treatment and 

vegetation community as the independent variables. This allows for the direct statistical testing of 

differences in the effect of trampling at different times post trampling, and as such is a 

control/impact analysis. To test differences between treatments at individual time periods, 

Tukey’s post hoc tests were used. This, for example, allowed for comparisons between 30 passes 

and 700 passes. Where equality of variance assumptions could not be met, a Dunnet’s post hoc 

tests were used instead. 

 

6.2.4.2 Valley bog community 
 
Examination of mean and standard error graphs for vegetation cover and species richness in bog 

sites showed large variation among all factors. Therefore, no inferential statistical analysis was 

undertaken with trends and descriptive results reported. 
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6.3 RESULTS 

6.3.1 Principal trampling in tall alpine herbfields and subalpine grasslands  

6.3.1.1 Vegetation height and cover 
 

Measurements of height in tall alpine herbfields and subalpine grasslands prior to trampling 

found that heights were 13 ± 0.5 cm and 16 ± 1 cm in each of the communities respectively 

(Figure 6.3a). Vegetation cover at this time was almost complete in both communities with no 

bare ground being exposed and only 14 ± 1% dead material in tall alpine herbfields and 16 ± 2% 

dead material present in the subalpine grasslands (Figure 6.3b). Within the tall alpine herbfields, 

herb cover was greatest at 45 ± 4% while graminoid cover was greatest in the subalpine 

grasslands with 63 ± 3% cover (Figure 6.3c,d). 

 

In both the tall alpine herbfield and subalpine grassland communities increasing intensities of 

trampling caused vegetation height to decline (Figure 6.3a; Figure 6.4a). There were differences 

between the two communities however, (p =0.053, Table 1 in Appendix 2) resulting in each 

community being analysed separately. In the tall alpine herbfields a significant effect was found 

for the time*treatment interaction (p = 0.000, Table 2 in Appendix 2) while in the subalpine 

zone, the time*treatment interaction was not quite significant (p = 0.052, Table 2 in Appendix 2). 

When comparing height differences between the initial height and all subsequent height 

measurements however (immediately after, two weeks, six weeks and one year), significant 

differences occurred in both communities (Table 6.2). 

 
Table 6.2: Contrast results between times from Two-Way Repeated Measures ANOVA for 
absolute vegetation height from principal trampling experiment in tall alpine herbfields and 
subalpine grasslands in Kosciuszko National Park (time = initial, immediately after, two weeks 
and six weeks after camping; treatment = 0, 30, 100, 200, 500 and 700 passes). 

 

 

 

 

Alpine Subalpine

Source Time df F p F p
Time Initial vs. immediately after 1 176.369 0.000 78.094 0.000

Initial vs. 2 weeks 1 137.270 0.000 123.452 0.000
Initial vs. 6 weeks 1 92.633 0.000 91.983 0.000
Initial vs. 1 year 1 83.018 0.000 33.281 0.000

Time * Treatment Initial vs. immediately after 5 13.619 0.000 7.566 0.001
Initial vs. 2 weeks 5 17.967 0.000 13.259 0.000
Initial vs. 6 weeks 5 11.596 0.000 5.143 0.004
Initial vs. 1 year 5 10.219 0.000 2.860 0.045
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Figure 6.3: Absolute (a) vegetation height, (b) dead material cover, (c) graminoid cover and (d) 
herb cover (mean ±1 standard error) for tall alpine herbfields and subalpine grasslands before (■), 
immediately after ( ), six weeks after (●) and one year after (□) principal trampling treatments of 
0 – 700 passes in Kosciuszko National Park. 
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Figure 6.4: Relative (a) vegetation height, (b) dead material cover, (c) graminoid cover and (d) 
herb cover (mean ±1 standard error) for tall alpine herbfields and subalpine grasslands  
immediately after ( ), six weeks after (●) and one year after (□) principal trampling treatments of 
0 – 700 passes in Kosciuszko National Park. 
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When each time was examined separately there was a significant interaction between 

community*treatment immediately after and two weeks after trampling indicating that each 

community was responding differently to trampling treatments (Table 6.3). Both communities 

were therefore examined separately during these two time periods (Table 6.3). Trampling caused 

an immediate reduction in relative vegetation height in the tall alpine herbfield to 65% ± 7% for 

500 passes and 55% ± 5% for 700 passes with significant declines still apparent two weeks later 

(Figure 6.4a). In the subalpine grasslands, even 200 passes resulted in an immediate reduction in 

relative vegetation height to 43% ± 5% with decreases to 43% ± 11% for 500 passes and 34% ± 

9% for 700 passes (Figure 6.4). Treatments of 30 and 100 passes however, did not result in a 

reduction in vegetation height at any time for tall alpine herbfields or subalpine grasslands (Figure 

6.3a; Table 6.4). 

 
Table 6.3: Results from a series of Two-Way ANOVAs comparing community (tall alpine 
herbfields and subalpine grasslands) and treatments (0, 30, 100, 200, 500 and 700 passes) for 
absolute vegetation height at principal trampling sites in Kosciuszko National Park. Each time 
period was analysed separately. 

  Initial Immediately 
after 

2 weeks 6 weeks 1 year 

 df F p F p F P F p F p 
Community 1 2.709 0.108 5.763 0.021 11.273 0.002 0.002 0.967 4.044 0.050 
Treatment 5 0.292 0.914 19.051 0.000 35.449 0.000 16.176 0.000 12.07 0.000 
Site  4 5.917 0.001 3.149 0.025 1.767 0.156 4.495 0.004 3.496 0.015 
Community 
* Treatment 

5 0.329 0.893 2.875 0.027 4.303 0.003 0.377 0.862 0.767 0.578 

 
Table 6.4: Significance values for post hoc test (Tukey’s) between treatments for absolute 
vegetation height for principal trampling in tall alpine herbfields and subalpine grasslands in 
Kosciuszko National Park. Each time period was analysed separately. 

  Both Alpine Subalpine Alpine Subalpine Both Both 

Treatment Treatment Initial After After 2 weeks 2 weeks 6 weeks 1 year 
0 30 1.000 0.753 0.800 0.697 0.828 0.814 0.974 
  100 0.999 0.553 0.398 0.266 0.176 0.321 0.875 
  200 1.000 0.128 0.002 0.318 0.001 0.038 0.188 
  500 0.946 0.001 0.000 0.000 0.000 0.000 0.001 
  700 0.991 0.000 0.000 0.000 0.000 0.000 0.000 
 30 100 1.000 0.999 0.977 0.967 0.766 0.960 0.999 
  200 1.000 0.778 0.020 0.984 0.009 0.448 0.587 
  500 0.980 0.016 0.001 0.003 0.000 0.000 0.008 
  700 0.998 0.002 0.000 0.001 0.000 0.000 0.000 
 100 200 0.999 0.922 0.076 1.000 0.112 0.910 0.803 
  500 0.996 0.033 0.004 0.018 0.000 0.003 0.023 
  700 1.000 0.005 0.000 0.007 0.000 0.000 0.000 
 200 500 0.948 0.211 0.594 0.014 0.032 0.044 0.343 
  700 0.991 0.042 0.046 0.006 0.001 0.002 0.003 
 500 700 1.000 0.953 0.574 0.998 0.324 0.851 0.355 
 

 

The effects of trampling were still apparent six weeks and one year post trampling in both 
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communities (Figure 6.3a; Figure 6.4a; Table 6.3). After six weeks, relative vegetation height was 

63% ± 9% after 500 passes in the tall alpine herbfields while height in the subalpine grasslands 

was 64% ± 3% after only 200 passes. At one year vegetation was still statistically lower than the 

controls for 500 and 700 passes (Figure 6.3a; Figure 6.4a; Table 6.4). Significant differences were 

also found between treatments of 200 and 500 passes in the first six weeks for both communities, 

however these were no longer evident after one year. There was no difference in vegetation 

height between treatments of 500 and 700 passes at any time. 

 

The cover of dead material also increased with increasing intensities of trampling, with a 

significant interaction occurring between time*treatment (Figure 6.3b; Figure 6.4b; Table 3 in 

Appendix 2). There were no differences in response between the two communities at any time 

(Table 3 in Appendix 2). When examining the contrasts for the time*treatment interaction 

between initial and subsequent measurements (two weeks, six weeks and one year), significant 

differences from initial measurements occurred for all times up to and including one year 

(p = 0.000 (Table 4 in Appendix 2). Differences between treatments was also evident when each 

time was examined separately (Table 6.5). 

 

While initial dead material cover for both communities was around 15% ± 1% (Figure 6.3b), 

significant increases in dead material cover occurred at two weeks for 500 or more passes when 

compared to the control (53% ± 10% for tall alpine herbfields and 60 ± 2% for subalpine 

grasslands). At six weeks and one year, 200 passes also had significantly more dead material than 

the control (an average of 33% ± 3% in both communities), however dead material cover for 500 

and 700 passes was always significantly larger than 200 passes (Table 6.6). There was no 

difference in the amount of dead material for treatments between 500 and 700 passes at any time 

(Table 6.6). Treatments of 30 and 100 passes were not significantly different from the control at 

any time (Table 6.6). 

 
Table 6.5: Results from a series of Two-Way ANOVAs comparing community (tall alpine 
herbfields and subalpine grasslands) and treatments (0, 30, 100, 200, 500 and 700 passes) for 
absolute dead material cover at principal trampling at sites in Kosciuszko National Park. Each 
time period was analysed separately. 

  Initial 2 weeks 6 weeks 1 year 
 df F P F p F p F p 

Community 1 0.164 0.688 2.475 0.123 0.001 0.972 0.027 0.869 
Treatment 5 0.992 0.434 11.47 0.000 58.94 0.000 38.46 0.000 
Site  4 5.198 0.002 7.041 0.000 2.364 0.068 2.517 0.055 
Community * 
Treatment 

5 1.494 0.211 0.083 0.995 0.977 0.443 0.554 0.734 
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Table 6.6: Significance values for post hoc test (Tukey’s) between treatments for absolute dead 
material cover for principal trampling in tall alpine herbfields and subalpine grasslands in 
Kosciuszko National Park. Each time period was analysed separately. 

Treatment Treatment Initial 2 weeks 6 weeks 1 year 
0 30 0.994 0.997 0.946 0.729 
  100 0.991 0.952 0.185 0.162 
  200 0.996 0.591 0.001 0.001 
  500 0.772 0.000 0.000 0.000 
  700 0.801 0.000 0.000 0.000 
30 100 1.000 0.999 0.675 0.897 
  200 0.907 0.857 0.009 0.043 
  500 0.969 0.001 0.000 0.000 
  700 0.977 0.000 0.000 0.000 
100 200 0.888 0.974 0.288 0.364 
  500 0.977 0.003 0.000 0.000 
  700 0.984 0.000 0.000 0.000 
200 500 0.473 0.028 0.000 0.000 
  700 0.507 0.003 0.000 0.000 
500  700 1.000 0.966 0.432 0.940 
 

Although trampling caused clear and lasting change to the cover of dead material in both 

communities, its effect on graminoid cover was less pronounced and differed between the two 

communities with significant interactions for both time*community and time*treatment 

(p = 0.001 and p = 0.000 respectively, Table 5 in Appendix 2). When contrasting initial 

measurements to subsequent measurements, the time*community interaction was significant 

during every time measurement while the time*treatment interaction only became significant at 

and after the six week measurement (Table 6 in Appendix 2). 
 

When each time period was examined separately (Table 6.7), there was a significant difference 

between each community at two weeks and a significant interaction between 

community*treatment at six weeks and one year. The significant interaction between 

treatment*community at six weeks and one year indicates that graminoids in each community 

responded differently to trampling treatments at these times and this required each community to 

be analysed separately (Figure 6.3c; Table 6.7). No difference in graminoid cover as a result of 

trampling was identified in tall alpine herbfields at any time (Table 6.8). In the subalpine 

community however, significantly less graminoid cover was present for 500 and 700 passes after 

six weeks (relative height 50 ± 6% and 37 ± 7% respectively). They remained significantly 

different after one year (Table 6.8). No significant difference occurred between treatments of 500 

and 700 passes at any time. No significant difference occurred in graminoid cover between the 

controls, 30, 100 and 200 passes at any time in either community (Figure 6.3c; Table 6.8). 
 

It is likely, that the difference in the trampling impacts between the two communities is directly 

reflecting the substantial difference in graminoid cover between them. The subalpine grasslands 

for example, had an average of 64% ± 2% cover of graminoids prior to principal trampling, while 

the tall alpine herbfield sites sampled only had 27% ± 3% cover (Figure 6.3c). 
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Table 6.7: Results from a series of Two-Way ANOVAs comparing community (tall alpine 
herbfields and subalpine grasslands) and treatments (0, 30, 100, 200, 500 and 700 passes) for 
absolute graminoid cover at principal trampling sites in Kosciuszko National Park. Each time 
period was analysed separately. 

  Initial 2 weeks 6 weeks 1 year 
 df F p F p F p F p 

Community 1 99.770 0.000 5.407 0.025 93.2 0.000 54.309 0.000 
Treatment 5 0.552 0.736 0.909 0.484 6.895 0.000 4.471 0.002 
Site  4 2.326 0.071 3.988 0.008 2.993 0.029 2.627 0.047 
Community 
* Treatment 

5 0.757 0.586 0.687 0.636 4.173 0.003 2.902 0.024 

 

 
Increasing intensities of trampling also caused reductions in herb cover for both tall alpine 

herbfields and subalpine grasslands. There was a significant interaction between time*treatment 

(p = 0.000) and time*community (p = 0.001) for the Two-Way Repeated Measures ANOVA 

(Table 7 in Appendix 2) with significant differences found for contrasts in the time*treatment 

interaction between initial measurements and all subsequent measurements (two weeks, six weeks 

and one year). The time*community interaction was more variable however, with a significant 

difference from initial conditions only evident at two weeks and one year after trampling 

(p = 0.014 and p = 0.004 respectively, in Table 8 Appendix 2). 

 
Table 6.8: Significance values for post hoc test (Tukey’s) between treatments for absolute 
graminoid cover for principal trampling in tall alpine herbfields and subalpine grasslands in 
Kosciuszko National Park. Each time period was analysed separately. 

  Both Both Alpine Subalpine Alpine Subalpine 

Treatment Treatment Initial 2 weeks 6 weeks 6 weeks 1 year 1 year 
0 30 0.932 1.000 0.991 0.994 0.988 1.000 
  100 0.966 1.000 0.694 0.712 0.675 0.822 
  200 10.000 1.000 0.998 0.430 0.932 0.370 
  500 0.725 0.944 0.999 0.000 0.993 0.000 
  700 1.000 0.715 0.999 0.000 1.000 0.000 
30 100 1.000 1.000 0.947 0.395 0.949 0.789 
  200 0.987 0.998 1.000 0.190 0.999 0.337 
  500 0.997 0.871 1.000 0.000 1.000 0.000 
  700 0.981 0.581 0.930 0.000 0.967 0.000 
100 200 0.996 0.997 0.895 0.997 0.993 0.966 
  500 0.990 0.856 0.870 0.004 0.932 0.003 
  700 0.993 0.559 0.476 0.000 0.572 0.000 
200 500 0.878 0.981 1.000 0.011 0.999 0.018 
  700 1.000 0.828 0.969 0.001 0.873 0.002 
500  700 0.853 0.995 0.979 0.765 0.977 0.916 
 

When each time interval was examined separately for herb cover, significant differences remained 

between the two communities and among treatments (Table 6.9). In the first six weeks, 500 and 

700 passes had significantly less herb cover than the controls (relative cover 47 ± 10% and 

33 ± 5% resepectively for talll alpine herbfields and 43 ± 6% and 20 ± 5% respectively for 

subalpine grasslands; Table 6.10) while treatments of 200 passes or less were statistically no 
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different to the controls. There was no difference between 500 and 700 passes in the first six 

weeks. During this time, absolute decreases in vegetation cover were greatest in the tall alpine 

herbfields, however relative decreases in herb cover were similar for both communities (Figure 

6.3d; Figure 6.4d). 

 

One year after principal trampling however, a significant difference was also evident for the 

community*treatment interaction indicating that each community had recovered differently to 

trampling treatments (Table 6.9). Each community was therefore examined separately at this 

time. In the tall alpine herbfields, little or no recovery had occurred with cover remaining similar 

to conditions at six weeks (at approximately 15% cover) (Figure 6.3d; Table 6.10). In the 

subalpine grasslands however, substantial recovery had occurred with no significant differences 

remaining among the treatments (Figure 6.3d; Figure 6.4d; Table 6.10). 

 

Table 6.9: Results from a series of Two-Way ANOVAs comparing community (tall alpine 
herbfields and subalpine grasslands) and treatments (0, 30, 100, 200, 500 and 700 passes) for 
absolute herb cover at principal trampling sites in Kosciuszko National Park. Each time period 
was analysed separately. 

  Initial 2 weeks 6 weeks 1 year 
 df F p F p F p F p 

Community 1 44.442 0.000 67.379 0.000 62.936 0.000 25.153 0.000 
Treatment 5 0.376 0.862 5.058 0.001 12.832 0.000 5.513 0.001 
Site  4 6.040 0.001 6.029 0.001 5.497 0.001 4.341 0.005 
Community 
* Treatment 

5 0.415 0.836 0.690 0.633 1.544 0.196 2.442 0.049 

 

As was evident for graminoid cover, it is likely that the difference in the trampling impacts 

between the two communities is reflecting the substantial difference in initial herb cover between 

them. The tall alpine herbfields for example, had an average of 45% ± 4% cover of herbs prior to 

principal trampling, while the subalpine grasslands only had an average of 21% ± 2% cover of 

herbs (Figure 6.3c). 

 

Subalpine grasslands had little shrub cover prior or post trampling, while tall alpine herbfields 

had around 13% ± 4% shrub cover prior to trampling, mostly the low lying Epacris microphylla. 

(Table 6.11). While there appears to have been a trend towards a reduction in shrub cover as 

trampling increased, these differences were not statistically significant (p = 0.251, Table 9 in 

Appendix 2). This may have been a result of only two sites having a substantial cover of shrubs. 

Decreases in shrub cover became most pronounced after one year, with shrub cover for 500 and 

700 passes declining from around 10% to 1.2% and 0.5% respectively (Table 6.11).  
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Table 6.10: Significance values for post hoc test (Tukey’s) between treatments for absolute herb 
cover for principal trampling in tall alpine herbfields and subalpine grasslands in Kosciuszko 
National Park. Each time period was analysed separately. 

  Both Both Both Alpine 
Only 

Subalpine 
Only 

Treatment Treatment Initial 2 weeks 6 weeks 1 year 1 year 
0 30 0.990 1.000 0.993 0.995 0.991 
  100 0.978 0.967 0.850 0.780 0.941 
  200 0.982 0.738 0.153 0.088 0.994 
  500 0.782 0.029 0.000 0.002 0.570 
  700 0.999 0.005 0.000 0.004 0.442 
30 100 1.000 0.993 0.990 0.964 0.999 
  200 1.000 0.858 0.403 0.219 1.000 
  500 0.982 0.052 0.000 0.006 0.882 
  700 1.000 0.010 0.000 0.012 0.781 
100 200 1.000 0.991 0.777 0.635 0.999 
  500 0.992 0.176 0.003 0.035 0.971 
  700 0.999 0.044 0.000 0.064 0.920 
200 500 0.990 0.465 0.101 0.511 0.867 
  700 0.999 0.163 0.008 0.690 0.761 
500  700 0.929 0.988 0.919 1.000 1.000 
 

There was no bare ground in the tall alpine herbfield sites sampled, and very little in subalpine 

grasslands (2% or less). Although trampling did cause declines in graminoid, herb and shrub 

cover (where present), it did not result in the exposure of soils, just the formation of detached 

dead material. There was no increase in bare ground exposure in either the tall alpine herbfield or 

subalpine grassland communities during measurements taken in the first year after principal 

trampling (Table 6.11).  
 

Table 6.11: Mean shrub cover (%) and mean bare ground cover (%) values for initial trampling of 
trampling in tall alpine herbfields and subalpine grasslands in Kosciuszko National Park.  

 

 

Shrub Cover Bare Ground Cover

Community Treatment Initial 2wks 6wks 1yr Initial 2wks 6wks 1yr
Tall 0 15.8 16.4 17.4 19.0 0 0 0 0
Alpine 30 10.4 10.6 10.6 10.7 0 0 0 0
Herbfield 100 12.0 11.4 10.8 11. 0 0 0 0

200 22.0 18.0 16.4 12.4 0 0 0 0
500 9.6 2.2 1.2 1.15 0 0 0 0
700 9.8 1.8 0.6 0.5 0 0 0 0

Subalpine 0 0 0 0 0.1 2.0 1.5 1.6 1
grassland 30 0 0 0 0 0.6 0.75 0.4 0.45

100 0.8 0.75 0.6 0.6 0 0 0 0
200 0 0 0 0 0 0 0 0
500 0 0 0 0 1 0 0 0
700 0 0 0 0 1.6 1 0.2 0.3
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6.3.1.2 Species richness and net frequency 

 
Initial species richness in the tall alpine herbfields was 11 ± 0.5 species per lane while in the 

subalpine grasslands species richness was 12 ± 0.3 species per lane. Although there was a 

dramatic increase in the amount of dead plant material after 500 and 700 passes, it did not affect 

species richness for each lane in either community (Figure 6.5; Table 6.12). There was however, a 

significant interaction between time*treatment (p = 0.022, in Table 10 Appendix 2) with this 

remaining significantly different from initial measurements at both two weeks (p = 0.004, Table 

11 in Appendix 2) and six weeks (p = 0.000, Table 11 in Appendix 2). There was no difference in 

the number of species between the communities at any time although there were differences 

between sites, which highlights the heterogeneity that exists within the communities (Table 12 in 

Appendix 2).  
 

   Tall alpine herbfields          Subalpine grasslands 
 

 

 
 
 
 
 
 
 
 
Figure 6.5: Species richness (mean ±1 standard error) for tall alpine herbfields and subalpine 
grasslands before trampling (■), six weeks after (●) and one year after (□) principal trampling 
treatments of 0 – 700 passes in Kosciuszko National Park. 

Table 6.12: Significance values for post hoc test (Dunnet’s) between treatments for absolute 
species diversity for principal trampling in tall alpine herbfields and subalpine grasslands in 
Kosciuszko National Park. Each time period was analysed separately. 

Treatment Treatment Initial 2 weeks 6 weeks 1 year 
0 30 1.000 1.000 1.000 1.000 
  100 1.000 1.000 0.996 1.000 
  200 1.000 0.994 0.999 1.000 
  500 1.000 0.879 0.607 0.988 
  700 1.000 0.890 0.637 1.000 
30 100 1.000 0.966 1.000 1.000 
  200 1.000 0.900 1.000 1.000 
  500 1.000 0.729 0.447 0.992 
  700 1.000 0.732 0.581 1.000 
100 200 1.000 1.000 1.000 1.000 
  500 1.000 0.971 0.832 0.998 
  700 0.996 0.976 0.880 1.000 
200 500 1.000 1.000 0.965 1.000 
  700 0.997 1.000 0.970 1.000 
500  700 1.000 1.000 1.000 1.000 
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When examining the contrasts among the treatments using a Dunnet’s post hoc test however (used 

as equal variances could not be assumed), no significant difference was found between any 

trampling intensity at any time (Table 6.12). When these results are considered against the 

significant time*treatment interaction from the repeated measures test, it indicates that for the 

time*treatment interaction, time, rather than treatment, was the driving force in the differences. 
 

When examining species net frequency, significant interactions were evident between 

time*community and time*treatment in the Two-Way Repeated Measures ANOVA (p = 0.047 

and p = 0.000 respectively, Table 13 in Appendix 2). The time*treatment interaction was 

significantly different between initial and all subsequent measurements (two weeks p = 0.000; six 

weeks p = 0.000; and one year p = 0.008, Table 14 in Appendix 2) while the time*community 

interaction was only significant during the first six weeks after trampling (two weeks p = 0.033; 

six weeks p = 0.009; and one year p = 0.476, Table 13 in Appendix 2). 
 

When species net difference was considered, there was a clear reduction with increasing 

trampling. This reduction occurred in both communities (Figure 6.6). The decline in species 

richness for quadrats that had 500 and 700 passes occurred within two weeks of trampling, was 

still apparent at six weeks, but did not differ from the controls by a year post trampling (Table 

6.13; Table 6.14).  
 

   Tall alpine herbfields          Subalpine grasslands  

 

 

 

 

 

 

 
 
 

Figure 6.6: Absolute species net difference for tall alpine herbfields and subalpine grasslands at 
two weeks after (▲), six weeks after (●) and one year after (□) principal trampling treatments of 
0 – 700 passes in Kosciuszko National Park. 

Table 6.13: Results from a series of Two-Way ANOVAs comparing community (tall alpine 
herbfields and subalpine grasslands) and treatments (0, 30, 100, 200, 500 and 700 passes) for 
absolute species net frequency at principal trampling sites in Kosciuszko National Park. Each 
time period was analysed separately. 

  Initial 2 weeks 6 weeks 1 year 
df F p F p F p F p 

Community 1 0.556 0.460 1.815 0.186 0.119 0.732 1.728 0.195 
Treatment 5 0.382 0.858 4.972 0.001 3.740 0.007 1.532 0.200 
Site  4 20.783 0.000 11.864 0.000 7.314 0.000 8.297 0.000 
Community * 
Treatment 

5 0.270 0.927 0.323 0.896 0.242 0.942 0.198 0.962 
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Table 6.14: Significance values for post hoc test (Tukey’s) between treatments for absolute species 
net frequency for principal trampling in tall alpine herbfields and subalpine grasslands in 
Kosciuszko National Park. Each time period was analysed separately. 

Treatment Treatment Initial 2 weeks 6 weeks 1 year 
0 30 0.811 0.998 0.883 0.818 
  100 0.993 0.999 0.854 0.968 
  200 0.943 0.753 0.724 0.655 
  500 0.904 0.024 0.022 0.313 
  700 0.963 0.011 0.014 0.177 
30 100 0.982 1.000 1.000 0.998 
  200 0.999 0.936 1.000 1.000 
  500 1.000 0.067 0.253 0.955 
  700 0.998 0.033 0.183 0.848 
100 200 0.999 0.924 1.000 0.977 
  500 0.997 0.060 0.286 0.785 
  700 1.000 0.030 0.209 0.595 
200 500 1.000 0.391 0.418 0.993 
  700 1.000 0.243 0.321 0.948 
500  700 1.000 1.000 1.000 1.000 
 

6.3.1.3 Frequency of individual species  
  

For the tall alpine herbfield and subalpine grassland communities, only 12 species occurred in 

more than 20% of the 120 quadrats in each community (Table 6.15; Table 6.16). There were no 

dramatic changes in the frequency of these species as a result of trampling. 

 

Within the alpine community (Table 6.15), Poa fawcettiae, Empodisma minus and Asperula gunnii were 

consistently the most frequent species with little variation in frequency apparent over time. Other 

species that did not change in frequency over time included Celmisia costiniana and Craspedia 

costiniana. The frequency of Carex species however increased over time, although this appeared to 

be independent of trampling. Several species appeared to decrease in frequency after six weeks 

including Ranunculus gunnianus, Aciphylla simplicifolia, Chionogentias muelleriana and Pimelea alpina. 

There did not appear to be any consistent pattern in the frequencies of other species 

 

Within the subalpine community (Table 6.16), the Poa species, Empodisma minus and Asperula 

gunnii were also the most common species. The Poa species appeared to respond favourably to 

trampling while the frequency of Asperula gunnii decreased marginally after 500 and 700 passes. 

Empodisma minus, along with most other species, did not have any consistent changes. Melicytus 

sp., the most common shrub species in the subalpine sites, decreased in frequency as a result of 

trampling (Table 6.16). 
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Table 6.15: Frequency of species occurrence for each level of trampling intensity in tall alpine herbfields in Kosciuszko National Park. For each treatment there was 
20 quadrats (five sites times four quadrats in each treatment lane) hence each quadrat where a species was present represented 5% frequency. T1 = Initial 
composition; T2 = two week composition; T3 = six week composition; T4 = one year composition. 

 
 Control 30 Passes 100 Passes 200 Passes 500 Passes 700 Passes 
 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4
Poa fawcettiae 80 80 75 75 70 75 75 75 95 95 95 95 85 85 85 85 100 100 75 85 100 100 80 80
Empodisma minus 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
Asperula gunnii 70 75 75 65 80 80 80 70 80 80 80 80 75 70 70 60 80 75 80 60 65 70 70 60
Celmisia costiniana 75 70 70 75 50 50 50 50 55 55 55 55 55 55 50 50 55 55 55 55 40 40 40 40
Ranunculus gunnianus 55 55 45 50 50 50 50 45 35 35 35 35 50 40 40 40 30 20 20 35 50 20 40 45
Carex sp. 30 30 30 30 10 15 25 15 20 30 30 45 30 30 45 45 5 10 15 30 10 15 30 15
Poa sp. 30 30 30 30 35 35 35 25 30 30 30 25 35 35 35 35 20 20 20 20 20 20 20 20
Brachyscome obovata 35 40 40 35 25 25 20 20 15 15 15 25 20 20 20 20 20 20 20 25 25 25 25 30
Oreomyrrhis eriopoda 15 15 20 25 20 35 50 40 35 30 35 30 20 25 30 20 15  5 5 40 15 25 25
Epacris microphylla 30 30 30 30 20 20 20 20 20 20 20 20 30 30 30 35 20 20 20 20 20 20 20 20
Pimelea alpina 30 30 30 30 20 30 20 30 35 25 20 15 35 25 30 25 35 25 25 30 30 5 10 5 
Aciphylla simplicifolia 25 25 30 30 25 25 25 25 30 30 25 20 30 30 20 15 30 10 10 15 40 10 15 15
Carex jackiana 25 25 25 25 20 20 20 25 20 20 20 5 20 25 20 25 20 25 25 20 10 10 5 15
Craspedia costiniana 15 20 15 5 30 30 30 30 30 25 35 25 5 5 10 5 10 10 10 5 20 20 25 15
Chionogentias muelleriana  20 10 15 35 25 15 20 20 25 20 15 20 25 10 10 10 20 5  10 15 5 0 20
Craspedia aurantia 20 20 20 20 15 10 10 10 10 10 10 15 20 15 10 15 15 10 15 15 20 15 10 20
Melicytus sp. 15 15 15 20 20 20 15 20 15 15 15 15 15 15 20 20 15 10 10 5   5 20
Deyeuxia carinata 30 25 25 15 20 25 20 15 25 30 25 20   5 15 10 5   5 5 5 5 
Microseris lanceolata 15 15 20 30 10 10 10 20 15 15 10 20 10 10 15 10 10 10 5 10 5 10 10 5 
Poa hiemata 10 10 10 5 15 15 15 15 10 10 10 10 10 10 10 10 20 20 15 15 25 25 15 5 
Australopyrum velutinum   25 30 5 10 15 20  5 20 15  5 5 15   5 5 5   5 
Rytidosperma nudiflorum 25 25 10 10 20 20 25 15 15 20 5 10 10 10 5 20 15 10 5 20     
Viola betonicifolia 10 5 5 5 10 10 15 10 10 20 15 20 15 10 5  5  5 0 20 5 5 10
Trisetum spicatum 5 5 5 10    5 5 5 5 20 5 5 15 15    15 5 5 5 10
Sphagnum sp. 5 10 10   5 5   5 10  5 10 15   5 10   15 15  
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Ranunculus muelleri   5 5 5    10 5 5 5 5    10 10 10 5 25 25 25 10
Luzula alpestris 5 5 5 5 5 5 5 5 5 5  5 5    10 5 5 10 15 5 5 15
Luzula novae-cambriae 20 20 20 15 5 5           15 10 10 10 5    
Lycopodium fastigiatum 10 10 10 10     10  10 5   5  15 15 5 0 15 15 20  
Scleranthus sp.  10 10 5 5 10 5 5  10 10 20  5 5 5    20     
Poa costiniana 5    10 5   15 10   10 10   10 10 10 10 5 5 5 5 
Euphrasia sp.   10 20       5 10             
Luzula sp.         10       10 5 5 5  5 5    
Prasophyllum sp.     10 5 5  5    20    10    15   5 
Prasophyllum tadgellianum    5 5    15 5  15         5    
Lichen 15 15 15 10         5 5 5 5         
Craspedia sp. 5 5   5 5 5 5 5 5 5 5   5          
*Acetosella vulgaris     5 15 15 10                5 
Epilobium sp. 5 10 5 10                     
Carex hebes         15 15 15              
Brachyscome sp.   5 5       5              
Craspedia maxgrayi     5 5 5                  
Euphrasia collina       10      5            
Erigeron sp.     5 5                   
Ewartia sp.        5                 
Prasophyllum alpestre                     5 5   
Aciphylla glacialis                5         
* = weed taxa 
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Table 6.16: Frequency of species occurrence for each level of trampling intensity in subalpine grasslands in Kosciuszko National Park. For each treatment lane there 
were 20 quadrats (five sites with four quadrats for each treatment lane) hence each quadrat where a species was present represented 5% frequency. T1 = Initial 
composition; T2 = two week composition; T3 = six week composition; T4 = one year composition. 

 
 Control 30 Passes 100 passes 200 passes 500 passes 700 passes 

 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4
Asperula gunnii 100 100 100 100 95 95 95 100 100 100 100 100 100 100 100 95 95 85 90 95 95 75 80 85
Poa fawcettiae 40 45 45 40 35 50 50 50 40 45 45 50 40 60 60 70 45 60 60 65 45 50 50 50
Empodisma minus 50 50 50 50 50 50 50 50 70 70 70 75 50 50 50 50 55 50 50 50 50 50 50 50
Aciphylla simplicifolia 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 55 55 50 55 60 60 60 60
Carex sp. 35 55 65 65 45 55 60 60 45 60 65 65 45 65 60 55 40 40 45 50 35 35 40 45
Poa hiemata 55 50 50 55 60 40 40 40 50 50 50 50 50 40 40 40 45 30 30 30 55 50 50 50
Craspedia aurantia 40 40 40 40 30 30 30 40 20 20 20 20 35 35 35 35 35 30 30 25 45 35 40 40
Ranunculus graniticola 30 30 25 25 20 20 20 20 40 40 40 40 25 30 30 30 25 25 25 35 25 25 30 35
Microseris lanceolata 20 20 25 25 30 30 25 30 15 5 5 10 25 20 25 20 40 20 35 40 40 20 20 35
Viola betonicifolia 25 25 25 25 5 5 10 10 30 25 30 40 30 20 25 30 40 20 35 45 10 10 20 35
Scleranthus biflorus 20 20 20 20 10 10 10 10 25 30 30 25 40 45 45 35 10 5 5 10 30 15 20 15
Melicytus sp.  15 15 15 40 40 30 30 35 45 30 30 30 30 15 15 35 15 10 10 20  5 10
Poa costiniana 25 25 25 25 30 30 30 30 30 30 30 35 25 25 25 25 5 5 5 5 10 10 10 15
Luzula sp. 25 20 15 35 25 20 20 30 10 10 10 20 10 10 5 15 30 15 20 40 20 10 10 15
Leptorhynchos squamatus 10 5 10 10 15 15 15 15 30 35 25 25 20 20 20 20 20 5 5 15 30 25 10 25
Poranthera microphylla 15 15 15 20 15 15 15 20 35 35 35 35 20 20 20 20 40 15 15 10 35 5 5 20
Stellaria pungens 25 25 20 25 15 15 20 20 15 15 10 10 30 15 30 30 20 10 10 10 20 20 15 20
Helichrysum scorpioides 20 20 20 20 20 20 20 20 20 10 10 20 20 10 5 10 15  5 15 20   20
Poa sieberiana 20 20 20 20 20 20 20 20 20 20 20 20 15 15 20 20 20 20 20 20 20 20 20 20
Australopyrum velutinum 20 20 20 10 10 5 5  10 15 15 15 5 15 15 15 10 15 15 15 10 10 10 10
Cardamine sp. 35 35 35 25 20 20 20 10 20 10 10 10 20 20 20  5 5   20 5 10  
Craspedia sp. 20 20 15 15 30 30 30 25 15 15 10 10 20 20 20 15 5 5 5 5   5 5
Pimelea alpina 20 20 20 15 10 10 10 10 15 15 15 15 15 10 10 10     15   10
Oreomyrrhis eriopoda      5 5 5 5 10 10 10 5 5 5 5 25 25 30 25 10 15 15 15
Oreomyrrhis ciliata 20 20 20 20 5 10 10 15     5 10 10 10 5    5   10
Leptorhynchos elongatus 20 20 20 20 5 5 5 5     5 5 5 5 15 15 10 15 5 5  5
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Brachyscome tenuiscapa  15 20 20 20     5 5 5 5     10 10 10 10 5   5
Celmisia sp. 5 5 5 5  10 10 10                 
Kunzea muelleri     10 10 10 5         10 10 10 10     
Unknown grass     10 15 15 10                 
Rhodanthe anthemoides    5    10                 
*Hypochoeris radicata  5 5 5 5        10 5 5 5         
Grey-green blade grass 5 5 5              10 5 10 10     
Luzula novae-cambriae      5          5 5   5 5 5  5
Brachyscome sp.     5    5     5 5 5 10     10   5
Brachyscome spathulata             5 10 5 10     5 5   
Danthonia  5 5 5 5 5 5       5            
Geranium antrorsum         5 5 5 5             
Grevillia australis 5 5 5 5             5        
Podolepis robusta 5            5 5 5 5         
Trisetum spicatum 5 5 5  5 5 5                  
Rytidosperma nudiflorum  5 5          5   5     5    
Senecio sp.    5             5  5 5     
Stylidium graminifolium                     5 5 5 5
Dywinia cerrisia                     10 5   
Euphrasia collina                      5   5
Festuca rubra                 5        
Lichen         5                
Moss             5           
* = weed taxa 
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6.3.1.4 Soil compaction 

 
Soil bulk density samples were collected immediately after trampling on sites within the tall alpine 

herbfield community. Initial sample weights before oven drying found no difference between 

treatments (Table 6.17), however a trend was evident (Figure 6.7a).  
 

Table 6.17: Results from a Two-Way ANOVAs examining soil weight, soil bulk density, and soil water 
content for principal trampling tall alpine herbfields in Kosciuszko National Park (Treatment = 0, 30, 
100, 200, 500 and 700 passes). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.7: Soil bulk density for principal trampling treatments of 0 – 700 passes in the tall alpine 
herbfields immediately after trampling in Kosciuszko National Park. 
 

After samples were oven dried, a significant difference in soil water content was evident between 

treatments (Table 6.17; Figure 6.7b) with treatment lanes of 500 and 700 passes being significantly 

different to the controls (p = 0.046 and p = 0.017 respectively, Table 15 in Appendix 2). There was 

not however, a significant difference in soil bulk density between treatments (Table 6.17; 

Figure 6.7c). 
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6.3.2 Repeat trampling in tall alpine herbfields and subalpine grasslands  
 
One year after sites were principally trampled, all sites were re-trampled at the same intensities and 

using the same treatment protocols. Follow up measurements were undertaken six weeks and one 

year after this repeat trampling and compared with baseline values (eg. data measured one year after 

principal trampling). The number of sites for each community however, was not the same with five 

alpine sites and only three subalpine sites. Vegetation at the two other subalpine grassland sites was 

burnt in the 2003 bushfires. 
 

6.3.2.1 Vegetation height and cover 
 
One year after principal trampling, vegetation height had recovered from trampling for all but the 

highest number of passes, with vegetation in the 500 and 700 pass lanes still significantly lower than 

vegetation in the control lanes in both tall alpine herbfields and subalpine grasslands (Figure 6.3a, 

Table 6.4). Repeat trampling resulted in further damage to vegetation, causing further decreases in 

vegetation height (Figure 6.8a, Figure 6.9a).  
 
The response of the two vegetation communities to repeat trampling differed over time and among 

the treatments (time*community*treatment interaction, p = 0.006, Table 16 in Appendix 2, Figure 

6.8a, Figure 6.9a). In the tall alpine herbfields the effect of the treatments varied over time 

(time*treatment interaction, p = 0.000, Table 17 in Appendix 2). In the subalpine grasslands, 

vegetation height also varied over time (p = 0.000, Table 17 in Appendix 2), but this was not related 

to trampling intensity (time*treatment, p = 0.546, Table 17 in Appendix 2).  
 

Six weeks after repeat trampling, vegetation was significantly lower than baseline heights (baseline 

represents values (heights/cover) one year after principal trampling but prior to repeat trampling) in 

both tall alpine herbfields and subalpine grasslands. One year later vegetation height remained lower 

in tall alpine herbfields for 200, 500 and 700 passes but had recovered in subalpine grasslands 

(Table 18 in Appendix 2, Figure 6.8a, Figure 6.9a, Table 6.19). The apparent lack of any long term 

effect of repeated trampling at any intensity in the subalpine at one year may be due to the lower 

number of replicates (only 3 sites). 
 

It appears that the impact of repeat trampling on vegetation height was greater in tall alpine 

herbfields than in subalpine grasslands (Table 6.18, Table 6.19, Figure 6.9a). When the effects of 

individual treatments were examined separately for each community at six weeks (due to the 

community*treatment interaction being significant at six weeks, Table 6.18) vegetation was lower at 

200 repeat passes compared to the controls in tall alpine herbfields, but only at 500 repeat passes 

compared to controls in subalpine grasslands (Table 6.19). 
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Figure 6.8: Absolute (a) vegetation height, (b) dead material cover, (c) graminoid cover and (d) herb 
cover (mean ± 1 standard error) for tall alpine herbfields and subalpine grasslands at baseline (□), six 
weeks (▼) and one year (○) after repeat trampling treatments of 0 – 700 passes in Kosciuszko 
National Park. 
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Figure 6.9: Relative (a) vegetation height, (b) dead material cover, (c) graminoid cover and (d) herb 
cover (mean ± 1 standard error) for tall alpine herbfields and subalpine grasslands at baseline (□), six 
weeks (▼) and one year (○) after repeat trampling treatments of 0 – 700 passes in Kosciuszko 
National Park. 
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Table 6.18: Results from a series of Two-Way ANOVAs comparing community (tall alpine herbfields 
and subalpine grasslands) and treatments (0, 30, 100, 200, 500 and 700 passes) for absolute vegetation 
height at repeat trampling sites in Kosciuszko National Park. Each time period was analysed 
separately. 

  Baseline 6 weeks 1 year 
 df F p F p F p 

Community 1 4.044 0.050 12.746 0.001 64.200 0.000 
Treatment 5 12.07 0.000 34.623 0.000 13.722 0.000 
Site  5 3.496 0.015 6.234 0.001 3.816 0.012 
Community * Treatment 4 0.767 0.578 3.330 0.016 1.409 0.248 

 

Table 6.19: Significance values for post hoc test (Tukey’s) between treatments for absolute vegetation 
height for repeat trampling in tall alpine herbfields and subalpine grasslands in Kosciuszko National 
Park. Each time period was analysed separately. 

  Both Alpine Subalpine Both 

Treatment Treatment Baseline 6 weeks 6 weeks 1 year
0 30 0.974 1.000 0.998 0.628 
  100 0.875 0.682 0.832 0.166 
  200 0.188 0.050 0.570 0.008 
  500 0.001 0.000 0.010 0.000 
  700 0.000 0.000 0.026 0.000 
 30 100 0.999 0.836 0.964 0.944 
  200 0.587 0.092 0.791 0.269 
  500 0.008 0.000 0.018 0.000 
  700 0.000 0.000 0.048 0.000 
 100 200 0.803 0.580 0.995 0.787 
  500 0.023 0.000 0.061 0.001 
  700 0.000 0.000 0.156 0.001 
 200 500 0.343 0.000 0.127 0.039 
  700 0.003 0.000 0.306 0.018 
 500 700 0.355 0.793 0.986 0.999 
 

In the tall alpine herbfields, vegetation height for 200 passes was only 89% ± 5% of the height of the 

vegetation just prior to repeat trampling compared to 69% ± 6% six weeks after 200 repeat passes, 

indicating a 20% decrease in height due to repeat trampling. For 500 repeat passes, the reduction in 

vegetation height went from 88% ± 11% just prior to repeat trampling, to 34% ± 5% six weeks after 

repeat trampling This represented an additional 54% decrease in height. For 700 repeat passes, the 

reduction in vegetation height went from 89% ± 3% just prior to repeat trampling, to 26% ± 4% six 

weeks after repeat trampling, an additional 63% decrease in height (Figure 6.9a).  

 

In the subalpine grasslands, vegetation height was only 69% ± 7% of the height of the vegetation just 

prior to repeat trampling compared to 54% ± 5% six weeks after 500 repeat passes, indicating an 

additional 15% decrease in height due to repeat trampling. For 700 repeat passes, the reduction in 

vegetation height compared to any trampling went from 61% ± 8% just prior to repeat trampling, to 

58% ± 11% six weeks after repeat trampling (Figure 6.8a; Table 6.19).  
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Principal trampling damaged vegetation causing a dramatic increase in the cover of dead material. 

Even one year after principal trampling there remained significantly more dead material after 200 

passes than was present in the controls in both communities (Figure 6.3b; Table 6.6). Repeat 

trampling caused further damage, particularly in the subalpine grasslands (Figure 6.8b). A significant 

interaction between time*community and time*treatment (p = 0.000 and p = 0.026 respectively, 

Table 19 in Appendix 2) indicated that there were differences between the communities and among 

the treatments over time.  

 

The tall alpine herbfield appears to have a greater cover of dead material with increasing intensity of 

trampling than the subalpine grasslands at all times (Figure 6.8b). Surprisingly, it appears that there 

was a slightly greater cover of dead material in the subalpine grasslands at the end of the first year of 

experimentation compared to at the end of the second year (time*community, baseline vs 1 year, 

p = 0.000, Table 20 in Appendix 2, Figure 6.8b).  

 

When each time was examined separately, there were significant differences in the cover of dead 

material between the two communities and among the treatments at six weeks and one year (Table 

6.20). There was a greater cover of dead material compared to the controls for 200 or more passes 

prior to repeat trampling, six weeks and one year after repeat trampling (Table 6.21). There was no 

difference in dead material cover between 500 and 700 passes. Of interest however, was that 

following repeat trampling, treatments of 100 passes were also close to significantly different (Table 

6.21) indicating that repeat trampling may have had a compounding impact upon the previously 

disturbed vegetation. 

 

Table 6.20: Results from a series of Two-Way ANOVAs comparing community (tall alpine herbfields 
and subalpine grasslands) and treatments (0, 30, 100, 200, 500 and 700 passes) for absolute dead 
material cover at repeat trampling sites in Kosciuszko National Park. Each time period was analysed 
separately. 

  Baseline 6 weeks 1 year 
 df F P F p F p 

Community 1 0.027 0.869 4.528 0.041 18.624 0.000 
Treatment 5 38.458 0.000 32.593 0.000 19.479 0.000 
Site 4 2.517 0.055 0.343 0.847 0.422 0.792 
Community * Treatment 5 0.554 0.734 1.733 0.155 1.884 0.125 
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Table 6.21: Significance values for post hoc test (Tukey’s) between treatments for absolute dead 
material cover for repeat trampling in tall alpine herbfields and subalpine grasslands in Kosciuszko 
National Park. Each time period was analysed separately. 

Treatment Treatment Baseline 6 weeks 1 year 
0 30 0.729 0.730 0.711 
  100 0.162 0.062 0.065 
  200 0.001 0.000 0.000 
  500 0.000 0.000 0.000 
  700 0.000 0.000 0.000 
30 100 0.897 0.644 0.676 
  200 0.043 0.012 0.021 
  500 0.000 0.000 0.000 
  700 0.000 0.000 0.000 
100 200 0.364 0.322 0.416 
  500 0.000 0.000 0.000 
  700 0.000 0.000 0.000 
200 500 0.000 0.001 0.023 
  700 0.000 0.000 0.018 
500  700 0.940 0.996 1.000 
 

Repeat trampling did not appear to have any additional decreases in graminoid cover above that 

already caused by principal trampling but it may have slowed recovery (Figure 6.8c). There was no 

significant difference among treatments in any of the analyses comparing graminoid cover after 

repeat tramping with baseline values (Table 21 and Table 22 in Appendix 2). When each time was 

analysed seperately however, treatments caused some differences in graminoid cover compared to 

the controls, although the pattern was not consistent (Table 6.22, Table 6.23). For example, just prior 

to repeat trampling and six weeks post repeat trampling there was less graminoid cover after 700 

passes compared to controls, 30 and 200 passes (Table 6.23). At one year, there was less graminoid 

cover after 700 passes compared to 30 passes, but not the controls (Table 6.23). 

 

There were clear differences in graminoid cover between tall alpine herbfields and subalpine 

grasslands again reflecting the inherent differences between these two communities (Table 6.22). 

There was far higher cover of graminoids in subalpine grasslands at all times (Figure 6.8c). There 

were also differences in the effect of time on the two communities (Table 21 and Table 22 in 

Appendix 2). It appears that there was a decrease in the cover of graminoids in the subalpine 

grassland that paralleled the increase in dead material cover.  

 
As for graminoid cover, repeat trampling did not appear to result in any additional damage to herb 

cover above that already caused by principal trampling, but it may have slowed recovery (Figure 

6.9(d)). There was no significant difference among treatments in any of the analyses comparing herb 

cover after repeat tramping with baseline values (Table 23 and Table 24 in Appendix 2).  
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Table 6.22: Results from a series of Two-Way ANOVAs comparing community (tall alpine herbfields 
and subalpine grasslands) and treatments (0, 30, 100, 200, 500 and 700 passes) for absolute graminoid 
cover at repeat trampling sites in Kosciuszko National Park. Each time period was analysed 
separately. 

  Baseline 6 weeks 1 year 
 df F p F p F p 

Community 1 55.537 0.000 71.209 0.000 70.439 0.000 
Treatment 5 4.708 0.002 7.132 0.000 4.050 0.006 
Site 4 2.569 0.051 0.495 0.739 0.576 0.682 
Community * Treatment 5 3.911 0.005 1.649 0.175 1.270 0.301 

 
Table 6.23: Significance values for post hoc test (Tukey’s) between treatments for absolute graminoid 
cover for repeat trampling in tall alpine herbfields and subalpine grasslands in Kosciuszko National 
Park. Each time period was analysed separately. 

Treatment Treatment Baseline 6 weeks 1 year 
0 30 0.997 0.863 0.913 
  100 0.996 0.863 0.930 
  200 10.000 0.998 0.996 
  500 0.287 0.320 0.726 
  700 0.039 0.032 0.325 
30 100 1.000 1.000 1.000 
  200 0.980 0.980 0.996 
  500 0.119 0.032 0.185 
  700 0.012 0.002 0.045 
100 200 0.976 0.980 0.997 
  500 0.112 0.032 0.204 
  700 0.011 0.002 0.050 
200 500 0.422 0.150 0.419 
  700 0.071 0.011 0.133 
500  700 0.933 0.863 0.984 
 

The effect of trampling on herb cover differed between the two communities reflecting the greater 

cover of herbs in the tall alpine herbfields (Figure 6.8(b); Table 6.25). In the tall alpine herbfields 

herb cover decreased after 200 or more repeat passes at both six weeks and one year (Figure 6.8(b); 

Table 6.25). In the subalpine grassland, as little as 30 passes appear to have reduced herb cover but 

only at six weeks (Figure 6.8(d); Table 6.25). At one year, there were no differences in herb cover 

among any of the trampling treatments in the subalpine grassland.  

 

As occurred for principal trampling, there was no significant effect of repeat trampling on shrub 

cover (Table 25 Appendix 2, Table 26 in Appendix 2). There does however, appear to be a trend for 

decreasing shrub cover at six weeks and one year with increasing repeat trampling in the tall alpine 

herbfields (Table 6.26). In the subalpine community there was minimal shrub cover in any case. 
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Table 6.24: Results from a series of Two-Way ANOVAs comparing community (tall alpine herbfields 
and subalpine grasslands) and treatments (0, 30, 100, 200, 500 and 700 passes) for absolute herb cover 
at repeat trampling sites in Kosciuszko National Park. Each time period was analysed separately. 

  Baseline 6 weeks 1 year 
 df F P F p F p 

Community 1 28.733 0.000 12.028 0.002 4.143 0.050 
Treatment 5 5.802 0.000 7.418 0.000 5.791 0.001 
Community * Treatment 5 3.035 0.019 3.603 0.011 4.975 0.002 
Site 4 4.406 0.004 7.275 0.000 5.802 0.001 

 
Table 6.25: Significance values for post hoc test (Tukey’s) between treatments for absolute herb cover 
for principal trampling in tall alpine herbfields and subalpine grasslands in Kosciuszko National Park. 
Each time period was analysed separately. 

  Tall alpine herbfields Subalpine grasslands 

Treatment Treatment Baseline 6 weeks 1 year Baseline 6 weeks 1 year 
0 30 0.995 0.987 0.977 0.991 0.059 0.289 
  100 0.780 0.659 0.503 0.941 0.059 0.355 
  200 0.088 0.034 0.015 0.994 0.041 0.321 
  500 0.002 0.000 0.000 0.570 0.020 0.695 
  700 0.004 0.001 0.001 0.442 0.017 0.739 
30 100 0.964 0.945 0.895 0.999 1.000 1.000 
  200 0.219 0.118 0.068 1.000 1.000 1.000 
  500 0.006 0.001 0.002 0.882 0.975 0.959 
  700 0.012 0.002 0.004 0.781 0.961 0.940 
100 200 0.635 0.477 0.410 0.999 1.000 1.000 
  500 0.035 0.011 0.020 0.971 0.975 0.984 
  700 0.064 0.015 0.037 0.920 0.961 0.973 
200 500 0.511 0.350 0.587 0.867 0.996 0.973 
  700 0.690 0.437 0.752 0.761 0.992 0.959 
500  700 1.000 1.000 1.000 1.000 1.000 1.000 
 

Table 6.26: Mean absolute shrub cover (%) and mean absolute bare ground cover (%) at repeat 
trampling sites in tall alpine herbfields and subalpine grasslands in Kosciuszko National Park   

 

Shrub Cover Bare Ground Cover

Treatment Baseline 6wks 1yr Baseline 6wks 1yr
Tall alpine 0 19.1 19.1 20.1 0 0 0
herbfields 30 10.8 10.8 9.5 0.5 0.6 0.8

100 11.1 6.4 5.6 0 0 0.1
200 12.4 6.8 4.4 0 0 0
500 1.2 0.5 0.8 0 1.3 1.9
700 0.6 0.2 0.7 0 4.0 4.5

Subalpine 0 0.100 0.2 0.6 1.1 0.3 0
grasslands 30 0 0 0.2 0.5 0 0

100 0.6 0.6 0.6 0 0.3 1.0
200 0 0 0.2 0 0 0
500 0.1 0.1 0.1 0 0 0
700 0 0 0 0.3 0 0.2
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Although repeat trampling appears to result in increased cover of dead material, this did not result in 

a significant increase in bare ground (Table 6.26; Table 27 in Appendix 2). However, one year after 

repeat trampling, there was a trend for more bare ground in the tall alpine herbfields with 4.5% bare 

ground after 700 passes (Table 6.26). 

 

6.3.2.2 Species richness and net frequency 

 
As for principal trampling, repeat trampling did not result in any significant change in species 

richness (Table 28 in Appendix 2, Figure 6.10, Table 6.27). There were however, slight differences in 

species richness between the two communities, with slightly higher richness (average 13 ± 0.7 per 

lane) in subalpine grasslands compared to tall alpine herbfields (average 11 ± 0.7 per lane) after one 

year. 
 

        Tall alpine herbfields          Subalpine grasslands 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.10: Species richness (mean ± 1 standard error) for tall alpine herbfields and subalpine 
grasslands before re-trampling (□), six weeks after (▼) and one year after (○) repeat trampling 
treatments of 0 – 700 passes in Kosciuszko National Park. 

 
Table 6.27: Results from Two-Way ANOVAs comparing community and treatments for absolute 
species richness at repeat trampling sites in tall alpine herbfields and subalpine grasslands in 
Kosciuszko National Park. Each time period was analysed separately. 

  Baseline 6 weeks 1 year 
 df F p F p F p 

Community 1 2.637 0.112 5.915 0.021 16.139 0.000 
Treatment 5 0.467 0.798 1.340 0.273 0.375 0.862 
Site  4 6.276 0.000 4.883 0.003 8.479 0.000 
Community * Treatment 5 0.417 0.834 0.310 0.903 0.085 0.994 

 

There was however, one interesting effect on species net frequency. In the overall analysis, the 

time*community interaction was significant (p = 0.002, Table 30 in Appendix 2), and when the 
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contrasts were examined there was a significant time*community interaction between baseline and six 

weeks measurements (Table 30 in Appendix 2, Figure 6.11). This is a result of a decline in net species 

richness in all treatment lanes at six weeks in the subalpine grasslands, possible due to stress caused 

by fires that came up to the borders of each trampling site (Figure 6.11).  

 
 

    Tall alpine herbfields      Subalpine grasslands 

 

 

 

 

 

 

 

 

Figure 6.11: Absolute species net difference (mean ±1 standard error) for tall alpine herbfields and 
subalpine grasslands before re-trampling (□), six weeks (▼) and one year after (○) repeat trampling of 
0 – 700 passes in Kosciuszko National Park. 

 

Although high intensity trampling (700 passes) caused a short term decrease in the net frequency of 

species overall (Table 31 in Appendix 2, Table 6.28, Table 6.29) after one year no differences were 

detected for 700 passes compared with the control lanes at the same time (Table 6.29). There was no 

significant community*treatment interaction at any time indicating that both communities had a 

similar response to trampling treatments, although there were differences in species net frequency 

between the communities (Table 6.28, Table 6.29). 

 

Table 6.28: Results from a series of Two-Way ANOVAs comparing community (tall alpine herbfields 
and subalpine grasslands) and treatments (0, 30, 100, 200, 500 and 700 passes) for absolute species net 
frequency at repeat trampling sites in Kosciuszko National Park. Each time period was analysed 
separately. 

  Baseline 6 weeks 1 year 
 df F p F p F p 

Community 1 1.728 0.195 1.272 0.268 7.178 0.012 
Treatment 5 1.532 0.200 2.273 0.071 1.168 0.346 
Site  4 8.297 0.000 4.954 0.003 7.793 0.000 
Community 
* Treatment 

5 0.198 0.962 0.372 0.864 0.320 0.897 
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Table 6.29: Significance values for post hoc test (Tukey’s) between treatments for absolute species net 
frequency for repeat trampling in tall alpine herbfields and subalpine grasslands in Kosciuszko 
National Park. Each time period was analysed separately. 

Treatment Treatment Baseline 6 weeks 1 year 
0 30 0.818 0.649 0.784 
  100 0.968 0.900 0.988 
  200 0.655 0.391 0.674 
  500 0.313 0.068 0.288 
  700 0.177 0.034 0.421 
30 100 0.998 0.996 0.985 
  200 1.000 0.998 1.000 
  500 0.955 0.746 0.954 
  700 0.848 0.567 0.990 
100 200 0.977 0.941 0.954 
  500 0.785 0.447 0.655 
  700 0.595 0.290 0.801 
200 500 0.993 0.932 0.985 
  700 0.948 0.816 0.998 
500  700 1.000 1.000 1.000 
 

6.3.2.3 Frequency of individual species 
 

Within tall alpine herbfields, Poa fawcettiae, Empodisma minus and Asperula gunnii were the most 

common species (Table 6.30). While there was again no change in the frequency of Empodisma minus 

in most quadrats, there appear to have been a general decrease in the frequency of Poa fawcettiae over 

time that was unrelated to trampling. Asperula gunnii had lower frequency six weeks after 500 and 700 

passes. Decreases in frequency with tramping appear to have also occurred for Chionogentias 

muelleriana and Pimelea alpina, although they were not common species. While Ranunculus graniticola also 

became less frequent at six weeks after trampling, some recovery did occur one year after repeat 

trampling. There were no clear patterns in the frequency of other species. 
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Table 6.30: Frequency of species for each level of trampling intensity in tall alpine herbfields in 
Kosciuszko National Park. For each treatment there were 20 quadrats (five sites with four quadrats for 
each treatment lane), hence each quadrat where a species was present represented 5% frequency. T4 
= Baseline composition; T5 = six week composition; T6 = one year composition. 

* = weed taxa 
 
 

Control  30 Passes 100 Passes 200 Passes 500 Passes 700 Passes 
 T4 T5 T6 T4 T5 T6 T4 T5 T6 T4 T5 T6 T4 T5 T6 T4 T5 T6

Poa fawcettiae 75 75 60 75 75 60 95 95 65 85 85 55 85 85 65 80 80 75
Empodisma minus 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
Asperula gunnii 65 65 75 70 75 60 80 80 80 60 55 65 60 45 40 60 40 65
Celmisia costiniana 75 75 75 50 50 50 55 55 55 50 50 45 55 55 55 40 40 40
Ranunculus gunnianus 50 50 55 45 45 45 35 40 40 40 30 40 35 20 35 45 40 45
Carex sp. 30 30 25 15 25 30 45 40 45 45 50 65 30 25 50 15 25 20
Poa sp. 30 30 35 25 30 25 25 25 25 35 35 35 20 20 20 20 20 20
Brachyscome obovata 35 35 35 20 20 20 25 15 15 20 25 25 25 25 25 30 35 30
Oreomyrrhis eriopoda 25 20 30 40 20 35 30 25 45 20 5 40 5  15 25 15 25
Epacris microphylla 30 30 30 20 20 20 20 20 20 35 35 35 20 20 20 20 5 20
Pimelea alpina 30 30 30 30 30 30 15 20 10 25 20 25 30 5 15 5 10 10
Aciphylla simplicifolia 30 30 25 25 25 25 20 15 10 15 30 20 15 15 15 15 15 10
Carex jackiana 25 25 25 25 25 25 5 10  25 25  20 20  15 10 5 
Craspedia costiniana 5 10 10 30 30 30 25 25 25 5 5 10 5 5 10 15 15 20
Chionogentias muelleriana 35 35 25 20 15 10 20 15 20 10 10 10 10  5 20 5 10
Craspedia aurantia 20 20 20 10 10 10 15 10 15 15 5 15 15 10 15 20 15 20
Melicytus sp. 20 20 15 20 20 20 15 20 15 20 15 15 5 5  20 20 15
Deyeuxia carinata 15 20 15 15 15 15 20 25 25 15 5 10  5 5 5  5 
Microseris lanceolata 30 15 20 20 10 15 20 20 15 10 5 15 10 10 20 5 5 15
Poa hiemata 5 5 5 15 15 15 10 10 10 10 10 10 15 15 15 5 5 5 
Australopyrum velutinum 30 30 25 20 30 25 15 20 25 15 20 20 5 5  5  20
Rytidosperma nudiflorum 10 10  15 15 15 10 10 10 20 15 15 20 10 5   5 
Viola betonicifolia 5 5 5 10 10 5 20 10 15  5 5   5 10 5 15
Trisetum spicatum 10 10 10 5 5 5 20 20 20 15 15 15 15  10 10 5 10
Sphagnum sp. 0 10 10  5 5  5 10  15 15  5 10  5 15
Ranunculus muelleri 5 5 5    5 5 5    5   10 15 10
Luzula alpestris 5 10 10 5 5 10 5 5 5   5 10 5 5 15  15
Luzula novae-cambriae 15 15 15  5   5 5    10 10 10    
Lycopodium fastigiatum 10 10 10    5            
Scleranthus sp. 5 10 10 5   20 10 5 5   20 5     
Poa costiniana           5 10 10  5 5   
Euphrasia sp. 20 20 25   5 10 10 10   5   5   5 
Luzula sp.     10 5 15   5 5 10 10 5 5 5    
Prasophyllum sp.      10   5   5    5   
Prasophyllum tadgellianum 5  5   10 15  20   5      5 
Lichen 10 10        5         
Craspedia sp.    5   5 5 5   5   5    
*Acetosella vulgaris    10 10           5   
Epilobium sp. 10 10 10      5          
Carex hebes                   
Brachyscome sp. 5 10             5   5 
Craspedia maxgrayi                   
Euphrasia collina                   
Ewartia sp.    5  5             
Aciphylla glacialis          5         

 



 

135 

Within the subalpine community, the Poa species, Empodisma minus and Asperula gunnii were once 

again the most common species (Table 6.31). While no change in presence was evident for Poa 

species or Empodisma minus which occurred in nearly all quadrats, a small decrease was found in 

Asperula gunnii presence at six weeks before increasing again one year after repeat trampling. Carex 

species and Viola betonicifolia also decreased at six weeks with increased presence occurring after one 

year. No changes were found for Aciphylla simplicifolia, Microseris lanceolata, Ranunculus graniticola and 

Scleranthus biflorus. While a minor increase in presence occurred for Craspedia aurantia, Melicytus species 

were no longer found one year after repeat trampling for 200 or more passes. 

 

6.3.3 Trampling in valley bogs  
 

The methods used for measuring the impacts of trampling in the valley bog areas proved to be 

relatively ineffective. This was largely a result of the thick cover of Sphagnum that underlay most valley 

bog sites and the lack of a clear boundary between vegetation and soil. Vegetation height from the 

soil surface for example, could not be effectively measured without disturbance to the underlying 

Sphagnum and therefore could not be measured accurately. Vegetation cover also proved difficult, 

though not impossible, to measure as a result of the Sphagnum.  

 

Although vegetation height could not be measured effectively, observations of the impact of 

trampling to vegetation identified that damage quickly occurred. Sphagnum tended to be either 

crushed or dislodged by trampling, with channels appearing after even 30 passes. At 100 passes, 

disturbance was even more pronounced with Empodisma minus often being folded down into the 

developing channel. While this appeared to result in an increase in dead material cover, it may also 

have provided at least some additional protection in the form of matting to the underlying Sphagnum. 

 

6.3.3.1 Vegetation cover 
 
Trampling resulted in substantial increases in dead material. Less than 10% of vegetation cover was 

dead material prior to trampling, however this had increased to 27% ± 9% one year after 100 passes 

(Figure 6.12a). This appears to largely be due to damage to shrubs by trampling with shrub cover 

tending to decrease with an increase in trampling (Figure 6.12d). There were no clear pattern for 

graminoid or herb covers (Figure 6.12c, d). As trampling intensity increased, Sphagnum was frequently 

dislodged, however it was difficult to quantify the impact due to the large amount of underlying 

living Sphagnum. 
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Table 6.31: Frequency of species occurrence for each level of trampling intensity in subalpine 
grasslands in Kosciuszko National Park. For each treatment at T4 there were 20 quadrats (five sites 
with four quadrats for each lane) while T5 and T6 there were only 12 quadrats (three sites with four 
quadrats for each lane), hence each quadrat where a species was present represented 5% frequency for 
T4 while ~ 8% for T5 and T6. T4 = Initial* composition; T5 = six week composition; T6 = one year 
composition. 

* = weed taxa 
 
 

Control 30 Passes 100 Passes 200 Passes 500 Passes 700 Passes
T4 T5 T6 T4 T5 T6 T4 T5 T6 T4 T5 T6 T4 T5 T6 T4 T5 T6

Asperula gunnii 100 100 100 100 100 100 100 100 100 95 83 100 95 83 92 85 75 83
Poa fawcettiae 40 67 67 50 75 75 50 67 67 70 100 100 65 92 92 50 83 83
Empodisma minus 50 33 33 50 50 50 75 75 75 50 67 50 50 50 50 50 50 42
Aciphylla simplicifolia 60 33 33 60 33 33 60 33 33 60 33 33 55 33 33 60 33 33
Carex sp. 65 67 58 60 58 42 65 67 67 55 50 42 50 42 50 45 50 58
Poa hiemata 55 58 58 40 33 33 50 50 50 40 33 33 30 17 17 50 50 50
Craspedia aurantia 40 33 58 40 58 58 20 33 33 35 42 50 25 33 33 40 50 58
Ranunculus graniticola 25 33 33 20 8 17 40 25 33 30 17 17 35 33 33 35 17 25
Microseris lanceolata 25 8 25 30 17 25 10 17 25 20 8 8 40 25 33 35 25 17
Viola betonicifolia 25 33 10 40 8 58 30 33 45 8 42 35 42
Scleranthus biflorus 20 25 25 10 17 25 42 50 35 33 33 10 8 8 15 17 17
Melicytus sp. 15 25 25 30 33 33 30 25 25 15 10 8 10
Poa costiniana 25 17 17 30 25 25 35 25 25 25 8 8 5 15 8 8
Luzula sp. 35 33 42 30 20 25 25 15 8 40 58 50 15 8 17
Leptorhynchos squamatus 10 8 15 8 25 33 33 20 25 33 15 8 25 25 17 33
Poranthera microphylla 20 20 35 8 20 10 17 20
Stellaria pungens 25 25 25 20 8 8 10 30 17 17 10 20
Helichrysum scorpioides 20 33 20 17 33 20 8 33 10 17 15 17 25 20 33
Poa sieberiana 20 20 20 20 20 20
Australopyrum velutinum 10 17 17 17 15 25 33 15 17 25 15 25 25 10 17 25
Cardamine sp. 25 25 25 10 10
Craspedia sp. 15 25 8 8 10 15 8 8 5 5 8 8
Pimelea alpina 15 25 25 10 8 17 15 25 33 10 17 8 10 17
Oreomyrrhis eriopoda 5 8 10 8 25 5 17 17 25 25 25 15 17 25
Oreomyrrhis ciliata 20 33 33 15 17 25 10 8 17 10 17 17
Leptorhynchos elongatus 20 8 33 5 8 8 17 5 8 8 15 25 5 8
Brachyscome tenuiscapa 20 25 25 5 8 8 10 17 17 5 8 8
Celmisia sp. 5 17 17 10 17 17
Kunzea muelleri 5 17 10 8
Shiny fury unknown grass 10 17 33 8
Rhodanthe anthemoides 5 25 25 10 8 17 8 8 17
*Hypochoeris radicata 5 8 8 5 8 8 8
Grey-green blade grass 10 8 17
Luzula novae-cambriae 5 8 8 5 8 5 8 17
Brachyscome sp. 5 5 10 8 5 8
Brachyscome spathulata 10
Danthonia 5
Geranium antrorsum 8 5 8 8
Grevillia australis 5 8 8
Podolepis robusta 5 8 8
Rytidosperma nudiflorum 5
Senecio sp. 5 5
Euphrasia collina 5
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Figure 6.12: Absolute mean vegetation cover (±1 standard error) for (a) dead material, (b) graminoids, 
(c) herbs, (d) shrubs, (e) Sphagnum and (f) species richness for bog communities before trampling 
(■), two weeks after (▲), six weeks after (●) and one year after (□) trampling treatments of 0, 30 and 
100 passes in Kosciuszko National Park. 

 
6.3.3.2 Community response 
 
Species richness was estimated in a total of 60 quadrats in valley bogs in each time period 

(12 quadrats at each site with five sites surveyed). The most common species found within the valley 

bogs were Sphagnum sp., Empodisma minus and Epacris glacialis (Table 6.32). Other frequent species in 

the bogs were Carex gaudichaudiana, Baeckea gunniana, Richea continentis, Asperula gunnii. 
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Table 6.32: Frequency of species occurrence for each level of trampling intensity in valley bogs in 
Kosciuszko National Park. For each treatment there were 20 quadrats (five sites with four quadrats for 
each treatment lane), hence each quadrat where a species was present represented 5% frequency. T1 = 
Initial composition; T2 = two week composition; T3 = six week composition; T4 = one year 
composition.  

 Control 30 Passes 100 Passes 
 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 

Empodisma minus 100 100 100 100 95 95 95 95 95 100 95 100 
Sphagnum sp. 95 95 95 95 100 100 100 100 95 95 85 100 
Epacris glacialis 80 80 80 80 75 75 75 75 80 85 80 85 
Carex gaudichaudiana 50 50 50 45 40 40 40 40 50 50 50 45 
Baeckea gunniana 45 45 45 45 35 35 35 35 40 40 40 40 
Richea continentis 25 25 25 25 45 45 45 45 40 45 45 45 
Aciphylla simplicifolia 35 35 35 30 50 45 45 45 30 30 30 30 
Poa costiniana 30 30 30 30 45 45 45 45 35 35 35 30 
Asperula gunnii 40 40 40 35 35 30 25 25 35 30 30 30 
Chionogentias muelleriana 20 20 20 20 20 20 20 20 35 30 30 40 
Poa sp. 25 25 25 25 20 20 20 15 20 15 15 20 
Oreomyrrhis ciliata 20 20 20 20 25 15 15 25 5 5 5 5 
Oschatzia cuneifolia 25 25 25 30 5 5 5 5 20   15 
Carpha nivicola 20 20 20 15 5 5 5  15 10 10 10 
Euphrasia 20 20 20 15 10 10 10 5 10 5 5  
Ranunculus dissectifolius  15 15 20  15 15 10  15 15 10 
Celmisia tomentella 15 15 15 15     15 15 15 15 
Ozothamnus sp. 5 5 5 5 15 10 10 10 15 10 10 15 
Astelia alpina 5 5 5 5 15 15 15 15     
Stylidium graminifolium     5    15 15 15 15 
Geranium sp. 15    15    15    
Plantago sp.         10 10 10 5 
Epilobium         5 5 5 5 
Juncus antarcticus         15   5 
 
There appears to be no change in the number of species present within either of the lanes trampled, 

although again, there was variation in diversity within and among the bog sites (Figure 6.12f). It may 

be that the Sphagnum moss minimised the physical impact of trampling on other species. There did 

however, appear to be declines in the frequency of plants with trampling. For example Epacris 

paludosa and Richea continentis appeared to decrease in frequency (Author obs.), but as there was at least 

some plant material of each species left in each quadrat there was no apparent change in overall 

species richness (Figure 6.12f). 
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6.4 DISCUSSION 

6.4.1 Trampling impacts on vegetation  
 

Trampling caused extensive damage to both tall alpine herbfields and subalpine grasslands. This 

included significant decreases in the height of vegetation, increases in the cover of dead material and 

decreases in the cover of herbs.  

 

Vegetation height is an important indicator of recreation impact, with reductions in height occurring 

rapidly with increasing intensities of use (Cole 1993; Hartley 2000; Cole & Monz 2002). In this study, 

principal trampling at intensities of 500 passes caused an immediate reduction in height for the tall 

alpine herbfields while only 200 passes was enough to significantly reduce the height of vegetation in 

subalpine grassland communities. After one year, some recovery had occurred though vegetation 

height for 500 and 700 passes still remained lower than the control for both communities. Repeat 

trampling once again reduced height with significant differences from control lanes still evident one 

year after 200 passes in tall alpine herbfields.  

 

Vegetation height is ecologically important as it directly affects growth (due to the amount of 

photosynthetic area) which in turn can affect carbohydrate reserves and reproduction potential 

(Hartley 1979). This is particularly important during spring when the growth of mountain plants is 

rapid (Bliss 1971). During this period of growth, use of carbohydrate reserves will exceed 

photosynthetic gains and accordingly, any disturbances during this time may result in the failure of a 

plant to flower and set seed in that year (Bliss 1971; Price 1985). Simple reductions in height can 

therefore have long-term consequences.  

 

Trampling also affects vegetation cover. During principal trampling, dead material increased from 

around 15% ± 1% prior to any trampling in both communities to more than 50% two weeks after 

500 passes (53% ± 10% for tall alpine herbfields and 60 ± 2% for subalpine grasslands). There was 

limited or no evidence of recovery after one year (61% ± 9% for tall alpine herbfields and 56 ± 5% 

for subalpine grasslands). Based on these results, and the impact of 200 and 500 passes, it would 

appear that approximately 400 passes is required to reduce vegetation cover (taken as the inverse of 

dead material) to 50% in both the tall alpine herbfield and subalpine grassland communities 

(Figure 6.3b). 
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Previous research has identified that tufted and prostrate graminoids (including grasses and sedge 

species such as Carex) are more resistant to disturbance that either herbs or shrubs (Willard & Marr 

1970; Cole 1985a, 1995b; Cole and Trull 1992; Sun & Liddle 1993b; Whinam & Chilcott 1999; Monz 

2002; Whinam & Chilcott 2003). Within both tall alpine herbfields and subalpine grasslands, 

graminoids had relatively high resistance to trampling with declines in cover only occurring after 500 

or more passes in the first year. Herb cover was more sensitive to disturbance and showed limited 

recovery after one year in tall alpine herbfields. Shrubs appeared to decrease in cover with increasing 

intensities of trampling, although the difference was not significant. As such, though both the tall 

alpine herbfield and subalpine grassland communities have a moderate resistance to trampling, 

resilience and tolerance are low.  

 

Repeat trampling appeared to further compound damage to vegetation. Vegetative cover decreased 

further in the tall alpine herbfields with approximately 200 passes now resulting in a 50% reduction 

in vegetation cover (taken as the inverse of dead material) (Figure 6.8b) and 100 passes significantly 

differed from the controls. Surprisingly, a more positive response occurred in the subalpine 

grasslands following repeat trampling treatments. While initial losses of herb cover continued to 

occur, recovery was evident after one year: dead material had decreased in all treatment lanes with 

loss of 50% cover now only evident after 700 passes. Vegetation height also increased beyond 

conditions prior to repeat trampling. The cause of this dramatic increase in cover and height is not 

clear. One influence may have been the result of bushfires that came within metres of the sites. While 

there may initially have been heat damage to vegetation, it would seem likely that additional ash and 

nutrients running off from the surrounding burnt areas may have promoted growth for the surviving 

vegetation. 

 

The thresholds for damage found in this study are similar, if not slightly more resistant, to those 

found in other high elevation environments dominated by graminoids and herbs (Monz 2002; 

Whinam & Chilcott 2003). In Tasmanian alpine and subalpine vegetation for example, damage 

occurred after 100 passes, with thresholds being exceeded at around 200 passes. Recovery was also 

slower in these areas (Whinam & Chilcott 2003). In arctic tundra plant communities in Alaska, 

resistance was also low with approximately 50% vegetation cover loss occurring for both dryas and 

tussock tundra after 200 passes. Recovery in these communities was relatively rapid at intensities of 

200 passes with substantial recovery of vegetation cover found after four years (Monz 2002). 

Treatments of 500 passes were slower to recover however (Monz 2002). 

 

Although there were few shrubs in the tall alpine herbfields or subalpine grasslands, those present 
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were damaged by trampling. After 200 passes shrub cover was reduced by 50%. Repeat trampling 

damaged the remaining shrubs in the alpine community with 100 passes reducing cover to 50% while 

200 passes reduced shrub cover to 20% of its original value. Negligible further damage was evident 

after the repeat trampling at 500 and 700 passes as few shrubs remained from the principal trampling. 

The substantial damage to shrubs by trampling is due to their vulnerability to branch breakage and 

slow subsequent recovery. In Tasmanian alpine shrublands for example, the cover of the prostrate 

shrub Grevillea australis declined between 200 and 500 passes (Whinam & Chilcott 1999) while in a 

subalpine forest in the United States, areas of low growing shrubs were rapidly damaged with an 

obvious path developing after only 75 passes (Cole & Trull 1992). As such, recreational use of areas 

with many shrubs, particularly prostrate shrubs that may be trampled, is generally inappropriate due 

to their low tolerance to trampling. 

 

Despite decreases in vegetation cover as a result of intense trampling, little bare ground was exposed 

in either the alpine or subalpine community after principal trampling. The dead vegetation tended to 

remain in place limiting soil exposure. After repeat trampling however, some bare ground was 

exposed in the tall alpine herbfields after high intensities (500 and 700 passes) of trampling. While 

this still represented less than 5% of cover, it is of concern as resilience is low and continued 

trampling will result in clearly defined walking pads. As the dead material becomes detached and 

removed, the amount of bare ground will increase potentially attracting more walkers along the 

developing trail. 

 

Soil bulk density is often assessed in trampling trials with compaction often increasing as a result of 

trampling (Grabherr 1982; Cole 1985a; Kuss & Hall 1991). A positive linear correlation between the 

number of walkers and the level of compaction has been suggested (Liddle 1975a). This trend was 

not found in this study. Following principal trampling, soil bulk density did not increase, though 

increases in soil moisture content were significant after 700 passes. That soil bulk density did not 

change is likely a response to both the thick cover of vegetation in the alpine area and the high root 

mass and organic matter content within the soils themselves. The increases in soil water content 

however, suggest that some preliminary changes are occurring to the soil as a result of the trampling. 

Assessments of soil bulk density after repeat trampling may have shown increases, as there was less 

vegetation cover. 

 

No changes in species diversity were found in this study even at high intensities of trampling where 

vegetation cover declined. This conforms to results from previous research which has shown that 

physiognomic changes in vegetation (such as height and cover) occur more quickly than floristic 
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change (Cole & Trull 1992; Cole 1993; Whinam & Chilcott 1999). In some studies however, species 

diversity has been found to increase when trampling intensities are moderate (Cole & Hall 1992; 

Whinam & Chilcott 1999). This is due to decreases in the frequency of major species and the creation 

of more favourable conditions for colonising species (Cole 1990). As such, increases in diversity may 

initially occur from low to moderate intensities of trampling, but may then decrease as the thresholds 

are exceeded (Chappell et al. 1971; Liddle 1975b; Sun & Liddle 1993a).  
 

There were some changes in the composition of the tall alpine herbfields and subalpine grasslands 

after trampling. This is consistent with Cole & Monz (2002) who suggest that in communities that 

are physiognomically diverse, as are both the tall alpine herbfields and subalpine grasslands, change 

can occur as individual species vary in trampling tolerance. Reductions in the net frequency of species 

were also found in this study, for both tall alpine herbfield and subalpine grassland communities after 

500 passes. Such reductions in species frequency have previously been identified in worn areas 

suggesting that while species diversity may not be immediately affected, trampling is having an affect 

on the abundance of individual plants (Chappell et al. 1971; Liddle & Greig-Smith 1975b). This may 

create opportunities for the establishment of new species, either native or weed. 
 

In this study, the maximum frequency of any species was 20 as there were five sites and four quadrats 

within each site. However, the number of plants or cover of each species within a quadrat was not 

recorded, and so while there may have been 50 individuals of one species in a quadrat before 

trampling and only five after trampling, the method shows no change in its presence within the 

quadrat. Therefore the net species frequency may underestimate the effect of trampling on individual 

species as only the complete removal of a species from quadrats will show a change. Furthermore, a 

bias will also exist against species that have low frequency. Measuring the cover of each species 

would have assisted in determining these changes (Cole 1993). This was not done as measures of 

cover for most minor species would not be able to have been compared among treatments due to the 

high species diversity and variability in composition among sites. 
 

For the frequency of individual species, few trends were apparent in either the alpine or subalpine 

communities. In the tall alpine herbfields, there appears to be a slight increase in the frequency of 

Carex spp. and Oreomyrrhis eriopoda suggesting that these were positively affected by trampling. For 

Carex spp., this increase was evident for all levels of trampling while for Oreomyrrhis eriopoda, the 

increase only occurred after minor trampling. Following repeat trampling, the response of Carex spp. 

was erratic, although it appeared in more quadrats after 200 passes. Oreomyrrhis eriopoda tended to be 

more resilient that resistant initially.  



 

143 

In the subalpine grasslands, initial trampling appeared to have stimulated growth in Poa spp. as well 

as again affecting the frequency of Carex species. Such results indicate that these species may be 

valuable in assisting recovery, although for different reasons. For Poa spp., its importance in recovery 

is a result of its resistance to disturbance while Carex species have been noted in other studies as 

resilient (Costin et al. 1959). It was thought that Craspedia spp. may be have been important in re-

colonising disturbed areas as it can readily establishment from seed (Costin & Wimbush 1963; 

Kirkwood 2001), however there was no evidence of this during this study as there were limited bare 

patches after the trampling occurred. 

 

 Despite the loss of vegetation cover associated with high intensities of trampling, only two weeds 

were recorded in the study (Acetosella vulgaris and Hypochoeris radicata) and they did not change in 

frequency with trampling. Human disturbance of tall alpine herbfields and subalpine grasslands can 

result in increased diversity and cover of weeds particularly along roads and tracks with over 170 taxa 

recorded in the Park (Mallen 1986; Johnston & Pickering 2001a; Pickering et al. 2004). Some of the 

sites in this study might have been too far away from existing weed populations while the cover of 

dead material in the trampling lanes might have limited weed establishment compared to locations 

with bare ground (Mallen 1986; Johnston & Pickering 2001a). Exposure of bare soil as a result of 

repeat trampling may facilitate weed establishment in sites adjacent to existing weed populations, as 

weeds appear to be less likely to establish in intact native vegetation (Johnston and Pickering 2001a).  

 

Mountain ecosystems can recover from some types of disturbance, although it may take decades or 

longer (Scherrer 2003). However, once disturbed, ecosystems may develop to a new stable state that 

differs from its original climax state. Johnston et al. (2003) describe changing conditions from 

disturbance in a tall alpine herbfield using a five stage “state and transition model”. State 1 describes 

an undisturbed tall alpine herbfield, while State 5 refers to sites that have eroded so badly, that the 

underlying bed rock is exposed and the only plants re-establishing are adapted to severe climatic 

conditions (‘erosion feldmarks’). Sites in the first two stages can recover, while sites in State 3 

(thinned vegetation cover, exposed soil and reduced infiltration rates) are likely to further degrade to 

State 5. Based on the results of this study, it is possible that the damage to tall alpine herbfields 

caused by 200 or more passes, which resulted in significant decreases in live vegetation, could result 

in sites continuing to degrade over time until they become an erosion patches (or State 5). This 

however, will be dependent upon whether there is a continual pressure from trampling. Even in the 

absence of further trampling recovery was slow, if present at all, and so while initial damage may not 

appear to have been severe, it may be too much for natural recovery. Indeed, once erosion feldmarks 

have developed as a result of trampling, recovery may be limited even with active intervention and 
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rehabilitation. Within the Kosciuszko alpine area for example, a heavy use walking track showed 

limited recovery 15 years after its closure with clear differences from the surrounding areas remaining 

in vegetation cover and composition and soil nutrients (Scherrer 2003).  

 

Trampling at just 30 to 100 passes in valley bogs appears to result in rapid, substantial and sustained 

damage. Such impacts have been observed in other studies in Kosciuszko National Park (Keane et al. 

1979; Edwards 1977). Damage increased with intensity of use, with treatments as low as 30 passes 

appearing to alter vegetation structure. The compression and disturbance of underlying Sphagnum 

moss was primary among the disturbances and could allow channels to develop (Plate 6.1). Species 

such as Empodisma minus appear to provide protection over the disturbance, however this may have 

impeded recovery with the amount of dead material greater after one year than was found six weeks 

after trampling. Shrub cover, primarily Epacris glacialis and Richea continentis, also continued to decrease 

in cover after one year. These results reinforce the very low resistance and resilience of these 

communities to trampling and highlight how important it is to keep recreational use away from these 

areas. Repeat trampling activities are likely to result in further loss of vegetation, which could lead to 

the collapse of the system. 

 

Plate 6.1: Trampling in valley bog communities causes compression and disturbance to underlying 
Sphagnum leading to channel development. 

 
There were no changes in species richness after trampling in the valley bog communities. This is 

likely a result of the underlying Sphagnum providing a cushioning layer from the trampling rather than 

the hard soil surface that occurs under most normal environments and thus reducing the intensity of 

compression of the trampling actions on other taxa. 
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6.4.2 Impact of trampling on other vegetation communities in the Australian 
alpine area 

 

The results from trampling on the tall alpine herbfield and subalpine grassland communities may only 

represent a best-case scenario. Trampling was done during the peak of the growing season, in dry 

weather and on relatively flat sites. It is likely that the same intensities of trampling would cause far 

more damage on steeper slopes and/or when soils are water logged as a result of rain, or snow melt. 

Trampling at these intensities earlier in the growing season may also cause more damage as 

vegetation is still recovering from winter snow cover with new above ground structures likely to be 

less resistant to damage (Edwards 1977; Hammitt & Cole 1998; Whinam & Chilcott 2003). As such, 

the thresholds for damage might be lower for these communities depending upon the weather and 

site characteristics. Impacts of trampling are also likely to be greater for communities that occur on 

steep slopes and that experience snow melt through most of the growing season (short alpine 

herbfields), occur in exposed sites (windswept feldmark) or contain less resilient vegetation (heaths).  

 

Short alpine herbfields are a highly specialised vegetation community only occurring below semi 

permanent snow drifts on the lee of the highest ridges in the Australian Alps. This community 

consists mainly of low growing matt forming herbs and has previously been described as moderately 

resistant to trampling (Edwards 1977). However, while such morphology can reduce susceptibility to 

damage, trampling in this community is likely to damage the vegetation as soils are often wet. Also as 

plants emerge from the retreating snow bank they produce new above ground structures that are soft 

and succulent and hence likely to be damaged by trampling (Willard & Marr 1970). Indeed, once 

there is damage to the vegetation which results in underlying soils being exposed, the snow melt may 

form channels, increasing the potential for gully erosion and desiccation of the remaining vegetation 

(Costin 1959). Furthermore, recovery in these areas is likely to be even slower than in other alpine 

communities due to the very short growing season associated with the late lying snow banks (Billings 

& Bliss 1959; Willard & Marr 1970). 

 

Windswept feldmarks are another specialised community that are found above late-lying snow 

patches and along exposed ridges in the Australian Alps. These communities are largely composed of 

the prostrate shrub species Epacris with substantial exposed rock pavements surrounding them. The 

impact of existing tracks in windswept feldmarks has only recently been examined in the Australian 

Alps (McDougall & Wright 2004). Where trampling occurred on the shattered pavement there was 

little impact due to its high resistance to damage, but where trampling was on the slow growing 

Epacris shrubs, which have low resistance, there will be a lasting effect (Keane et al. 1979). As such, 
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with conditions already limiting for vegetation establishment and growth in this community, 

trampling should be kept to a minimum. This could involve the use of elevated walking tracks, such 

as already exist in some areas already, where possible (McDougall & Wright 2004).  

 

There are two main types of heaths, in the alpine area. The Oxylobium – Podocarpus alliance occurs in 

rocky areas with shallow, stoney, well drained soils, while heaths dominated by Epacris glacialis occur 

in damp, poorly drained soils surrounding fens and bog areas (Costin et al. 2000). In both of these 

communities however, shrubs will be susceptible to branch breakage which can occur at low 

intensities of trampling as found in the trampling trials. Walking in these communities however, 

tends to be difficult due to thick often waist high shrub cover of the Oxylobium – Podocarpus alliance. 

Therefore, walkers are likely to follow pre existing tracks either around or through the community, 

limiting the effects of recreation impacts. 

 

6.4.3 Managing trampling in Kosciuszko National Park  
 

Although impacts from trampling are often significant, the total area of disturbance has been 

described in other mountain areas as being small (Price 1985). If not effectively managed however, 

the impact of trampling can develop to a point that degrades the environment as well as visually 

marks and fragments the landscape. The acceptability of these impacts will however, be dependent 

upon what the management focus is for the area. The information from this study will assist in 

managing these areas through defining what levels of use can occur within major communities of the 

Australian Alps. 

 

As two of the most common communities in Kosciuszko National Park, identification of thresholds 

of disturbance in tall alpine herbfields and subalpine grasslands is important. While resistance to 

damage is moderate in both communities, resilience is higher in the subalpine grasslands but lower in 

the tall alpine herbfields. These differences compound with repeat trampling, especially in the tall 

alpine herbfields. These results reinforce that where recreation use cannot be maintained beneath 

thresholds, substantial damage is inevitable (Cole 1995a; Whinam & Chilcott 2003). Throughout 

Kosciuszko National Park, a policy of dispersal currently exists when going off designated tracks and 

generally this appears to have been effective as informal trail creation appears to be minimal (Author 

obs.). This policy is likely to remain effective if use levels remain low (at or below around 100 passes 

per annum) and visitors continue to spread out. 
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The results from the valley bog trampling support previous observations on their high susceptibility 

to disturbance from recreational use. In valley bog communities, both resistance and resilience 

appeared to be quite low with damage evident from as few as 30 passes. While this was not enough 

use to cause direct damage to the underlying peat, continued use may result in further death of above 

ground vegetation and change to local hydrological movements. Due to their relatively frequent 

occurrence along valley bottoms, visitors should continue to be educated on the community’s 

susceptibility to trampling damage and be encouraged to avoid crossing these areas where possible. 

 

If use cannot be maintained beneath disturbance thresholds, encouraging walkers to concentrate on 

hardened sites will continue to be a desirable management option. With limited recovery having 

occurred in the tall alpine herbfields after one year, closure of sites or tracks after vegetation damage 

becomes evident will be of little benefit. Once impacts have occurred, recovery is slow to occur.  

 

6.5 CONCLUSION 
 

This study demonstrates that high elevation vegetation communities vary in their resistance and 

resiliency to disturbance. In both tall alpine herbfields and subalpine grasslands vegetation cover 

appeared to have some resistance to initial trampling, though had relatively low resilience. Repeat 

trampling in tall alpine herbfields showed limited resistance however, with further losses of cover 

occurring. Resilience remained low. Results from repeat trampling in subalpine grasslands showed 

variation from tall alpine herbfields, though the cause remains unclear. Trampling in valley bog 

communities however, demonstrated that they had low resistance to disturbance and very low 

resilience. Trampling in this area should be avoided where possible. 

 

These results demonstrate the impact of trampling under best scenario conditions. The level of 

disturbance is expected to differ when soils are wet or slope gradient increased. Damage from 

trampling may also vary when affected by other large scale disturbance factors. In the following 

chapter, the damage caused by trampling in significantly disturbed subalpine grasslands that are 

extensively and partially burnt is examined. 
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CHAPTER 7 TRAMPLING SIX WEEKS AFTER BUSHFIRE4 

 
 

7.1 INTRODUCTION 
 

Fire is an integral part of the Australian landscape having influenced the occurrence and distribution 

of vegetation communities and species within many ecosystems (Gill 1981; Leaver 2004). In the 

Australian Alps, landscape fires (at the scale of a square kilometre or more) are relatively uncommon 

due to mild temperatures, high precipitation, naturally low fuel loads and the presence of winter snow 

covers (Good 1982; Leaver 2004). Fire however, remains a major source of landscape disturbance in 

the area, influencing ecosystem development more than any other “extreme” disturbance event 

including droughts or frost heave (Banks 1989; Leaver 2004).  

 

Prior to European settlement, landscape level fires in the Australian alpine and subalpine area 

occurred only once or twice a century and were likely limited to local areas. Larger scale fires tended 

to only occur after extended droughts (Leigh et al. 1987; Wahren et al. 2001; Leaver 2004). 

 

During European settlement in the 1830s, frequency of burning in the Australian Alps increased 

when graziers used low intensity burns as a form of pasture management in order to promote 

palatable “green pick” vegetation for their stock (Costin 1954; Good 1982; Wahren et al. 2001). Such 

burning practices caused substantial changes in many vegetation communities with reductions in 

some herb and grass species and the promotion of leguminous shrubs (Good 1982; Leaver 2004). 

Burning for grazing ceased over 40 years ago in Kosciuszko National Park as grazing practices were 

phased out to improve water catchment qualities for the Snowy Mountains Hydro Electric Scheme 

(Good 1992b). 

 

In order to protect catchment areas from subsequent extreme bushfires, low intensity burns were 

regularly applied to many areas (excluding the alpine zone) to minimise fuel loads (Leaver 2004). 

While the premise for this pattern of burning may have been acceptable, it resulted in continued 

catchment degradation rather than catchment stability and may have actually encouraged shrub 

dominance and hence increased the risk of wildfires (Good 1982). As such, these practices had no 

                                                 
4 Parts of this chapter have already been published: Growcock, A.J., Pickering, C.M. and Johnston, S.W. 2004. Walking on 

ashes: short-term impacts of experimental trampling on soils after bushfire.Victorian Naturalist 121(5): 199 - 206. 
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influence on subsequent bushfire suppression (Leaver 2004). Current fire management approaches in 

the Australian Alps are under continuous review and are concerned about maintaining ecological 

function as well as reducing the risk of wildfires (DEC 2004). 

 

When fires occur within mountain areas, ecosystem stability is reduced as large areas of vegetation 

are lost and underlying soils are eroded (Good 1973). Additional pressures on the environment 

during the period of recovery may further exacerbate this instability and delay recovery. This chapter 

therefore examines the impact of trampling on vegetation and soils in subalpine grasslands affected 

by landscape level fires in early 2003 in order to determine if this additional pressure causes further 

damage and if this affects the rate of recovery from the fires.  

 

7.1.1 Effect of fire on vegetation and soil in the Australian Alps 
 

Following large-scale fires, significant alterations are often found to both vegetation and soils. The 

extent of the damage and subsequent recovery is dependent upon a number of factors including: the 

intensity of the fire; the season during which the fire occurred; environmental conditions (both 

before and after the fire); the extent and pattern of burn; and the level of subsequent disturbance to 

the area (Good 1981; Whelan 1995; Gill 1999; Scherrer et al. 2004; Bear 2004). Other factors that also 

affect the rate of recovery of vegetation include the physiographic location and elevation of the 

affected area. Recovery of vegetation and soils in mountain environments can be slow due to the 

relatively short growing season and climatic extremes such as heavy precipitation, strong winds and 

frost heave (Good 1992b; Scherrer et al. 2004). 

 

For the organic rich soils of the Australian Alps, the destruction of the surface vegetation cover and 

damage to the organic matter horizons by fire can leave behind an exposed soil without any binding 

material. This naturally increases the potential for erosion by both wind and water action. For 

example, storms with heavy rain following fire can result in substantial soil loss in burnt areas due to 

the lack of a protective layer (Smith 2003). When fires burn through an area, organic material within 

the soil may also be mineralised or volatised, transforming some nutrients into forms more readily 

transported by surface runoff (Ice et al. 2004). Nitrogen for example, has been noted as being at risk 

with long-term differences between burnt and unburned areas having been reported (Kirkpatrick and 

Dickinson 1984; Ice et al. 2004). Other nutrients, such as available phosphorous, can increase post 

fire (Gimeno-Garcia et al. 2000). The volatisation of these organic compounds add to the problems 

of bare soil exposure as they increase water repellence and result in reduced infiltration rates and 
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reduced soil drainage (Prosser & Williams 1998; Shakesby et al. 2003). Accordingly, the periods 

immediately following the fires have the greatest potential for sediment movement with the greatest 

risk of soil loss often occurring in the first four months post fire (Good 1973; Leitch et al. 1983; 

Andreu et al. 2001; Smith 2003).  

 

The rapid reestablishment of vegetation cover following fires is important in minimising soil loss. 

Many Australian plants including some of those found in the subalpine zone of the Australian Alps 

are adapted to survive and/or re-establish after fires. For example some plants are killed by fire and 

re-establishment of these species post fire involves seed banks either on the burnt plants or within 

the soil (obligate seeders). For others killed by the fire, seed may be reintroduced into a site as a result 

of mass flowering by plants in adjacent unburned areas. In other species plants may survive the fire 

and rapidly resprout from rootstock such as epicormic tissue, rhizomes or lignotubers (resprouters) 

(Gill 1999; Carey et al. 2003; Scherrer 2004; Bear 2004). Many taxa that are obligate seeders have 

vegetation that tends to be sensitive to fire with the plants easily killed. However, seedlings that 

establish post fire tend to have a high growth rate allowing for rapid recovery. Resprouters tend to be 

classified as fire tolerant with some parts of the plant surviving the fire, allowing vegetative regrowth 

to occur. In each of these cases, vegetation growth post fire often benefits from reduced competition 

and increased light and nutrient conditions (Gill 1999).  

 

Species composition may or may not change as a result of a fire (Gill 1999). While the fire may have 

destroyed the existing vegetation, a similar composition may return as vegetation re-establishes (Gill 

1999). Alternatively the community may change as a result of the fire. In some cases, this change may 

be a reduction in species diversity during recovery with some species slower to recover (if at all). 

There can also be increased diversity in a community post fire with the replacement of species as a 

result of changing conditions post fire (Guo 2001; Gill 1999; Kirkpatrick & Dickinson 1984; Scherrer 

et al. 2004; Walsh & McDougall 2004). This may occur where there are substantial changes to the 

environment, such as when a wet environment (for example a bog community) is dried out after 

burning. This may result in the exclusion of existing wet species in favour of species preferring drier 

conditions. Such processes have been noted in a number of valley bottom areas in Kosciuszko 

National Park where valley bog communities have been replaced with grassland communities 

(Author obs.). 

 

Weed species can establish and spread after fires due to increases in bare soil, reduced competition 

and increased soil nutrients (Mallen-Cooper 1990; Johnston & Johnston 2003; Scherrer et al. 2004). 

The establishment of weeds post fire can result in increases in species diversity, especially in areas 
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adjacent to unburnt sites with weeds, such as road and track verges that did not burn. Weed 

establishment adjacent to road verges can occur within weeks of the fire (Johnston & Johnston 

2003). Tourist walking through road verges and fire affected areas could be a vector for weed 

dispersal as seeds may become attached to walkers via boots or clothing (Kelly et al. 2003). 
 

7.1.2 The 2003 fires in the Australian Alps 
 

In January-February 2003, the Australian Alps National Parks were closed to tourists when the area 

experienced its largest bushfires in over 60 years. The fires began with a series of lightning strikes in 

early January 2003 and burnt out an estimated 1.73 million hectares in and around the Australian 

Alps, dramatically altering the landscape from the Brindabellas in the ACT through to Bright at the 

foot of Mount Buffalo in Victoria’s Alpine National Park (Figure 3.1; Worboys 2003; Johnston & 

Johnston 2003). While some areas did not burn or were only partially affected with patches of 

unburnt vegetation interspersed within burnt areas, other areas were extensively affected with the 

loss of nearly all above ground vegetation and some soil organic matter (Plate 7.1). Large areas of 

Kosciuszko National Park burnt during the fires with more than 70% of subalpine areas in the Park 

burning in the fire (Ken Green pers. comm. 2004). 

Plate 7.1: Partially burnt (left) and extensively burnt areas (right) one month after the 2003 bushfires in 
subalpine grassland communities of Kosciuszko National Park. 

 

During the weeks following the fire, substantial sediment movement occurred in some extensively 

burnt areas with losses only mitigated in areas where fire intensity was low to moderate and soil 

organic matter horizons remained relatively intact (Smith 2003). Where vegetation cover remained 

totally or partially intact however, sediment movement appeared minimal (Smith 2003). 

 

Recovery of vegetation can commence within weeks of fires with increased soil nutrients, less 
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competition and a more open habitat often favouring regeneration (Gill 1981). Furthermore, many of 

the plants found at the lower elevations of the Australian Alps are adapted to survive and regenerate 

following fires, whilst other plant species require fire for seed germination (Gill 1981; Johnston & 

Johnston 2003; Walsh & McDougall 2004). In subalpine areas of the Australia Alps, the epicormic 

shoots on many Eucalypts including snowgums (Eucalyptus niphophilia) occurred within two months 

of the fires (Pickering & Barry in press). In some subalpine areas of Kosciuszko National Park some 

intertussock herbs such as Neopaxia australasica, Asperula gunnii, Geranium antrorsum, Helichrysum 

scorpioides, Viola hederacea and *Acetosella vulgaris increased in frequency and cover possibly as a result of 

reduced competition post fire (Scherrer et al. 2004; Bear 2004).  
 

During the fires, some frequently visited landscapes were altered and many historic sites such as huts 

were lost. In order to encourage tourists back to the areas after the bushfires, park agencies such as 

the New South Wales National Parks and Wildlife Service soon began promoting the burnt areas as a 

‘once in a lifetime opportunity’ for visitors to view vegetation ‘rising from the ashes’ as the recovery 

process began (NSW NPWS 2003). While vegetation re-established however, these areas were likely 

to have remained sensitive to physical disturbance (Wahren et al. 2001) with visitation to these areas 

potentially causing further damage. For example, where unburnt grassland vegetation was generally 

able to withstand moderate intensities of trampling from bushwalking (Chapter 6), the protective 

vegetation cover was now either greatly disturbed or lost altogether. Even small groups of 

bushwalkers may therefore, damage the remaining surface cover and soils leading to long-term 

degradation of the area. Trampling could also have adversely affected the recovery of newly 

establishing seedlings.  
 

7.1.3 Aims and objectives 
 

While there is information on the recovery of subalpine vegetation following landscape fires (Good 

1982; Bear 2004; Scherrer et al. 2004; Walsh & McDougall 2004; Pickering & Barry in press) there is 

limited information on how human activities such as tourism may impede post fire recovery. With 

visitor use of Kosciuszko National Park being promoted following the bushfires (NSW NPWS 

2003), understanding the relationship between use and damage is important in these potentially 

fragile environments.  
 

The manipulative experimental trampling trials presented here examine the impact of different 

intensities of trampling on subalpine grasslands affected by bushfire. As there may be differences in 

the impact of trampling on sites that were extensively burnt compared to those where the fire was 

patchier, the experimental trampling trials were undertaken on both extensively burnt and partially 
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burnt vegetation six weeks after the 2003 bushfires in Kosciuszko National Park.  

As part of assessing the impact of trampling on these two levels of disturbance, this study: 

(1) identified the level of damage associated with the two level of burn six weeks post fire; 

(2) determined how trampling affected the surface cover; (3) determined if increasing trampling 

affected recovery including vegetation cover and community composition over the following year; 

(4) determined if trampling influenced soil conditions such as surface compaction, soil moisture and 

soil loss or gain; (5) determined if trampling impacts varied between extensively burnt and partially 

burnt areas; (6) examined the relationship between increasing use and damage to vegetation for two 

levels of burn; and (7) determined if recreational use would be appropriate in mountain ecosystems 

that are in the early stages of recovery following fires.  

  

7.2 METHODS 

7.2.1 Site description 
 

Experimental trampling sites were established in subalpine grassland areas that were affected by fire. 

These sites were either extensively burnt or partially burnt. Areas of extensively burnt subalpine 

grassland had lost almost all above ground vegetation (<2% vegetative cover six weeks post fire) 

while partially burnt areas had a patchwork of unburnt vegetation interspersed with burnt areas with 

approximately 10% live vegetative cover (Plate 7.1). At the start of the experiment, recovery at all 

sites was minimal with ash and burnt vegetation accounting for nearly all cover. Sites were located 

between 1625 and 1785 m (Figure 7.1; Table 7.1). 

 

Table 7.1: Location of experimental trampling sites for extensively and partially burnt subalpine 
grasslands in Kosciuszko National Park. 

Community Site Longitude Latitude Elevation (m) 
1 148° 27' 38.5'' 36° 22' 35'' 1625 Extensively 

burnt 2 148° 28' 01'' 23° 22' 24'' 1646 
 3 148° 26' 42.1'' 36° 23' 33.3'' 1716 
 4 148° 25' 18.8''  36° 24' 02.2'' 1780 
 5 148° 22' 32.8'' 36° 25' 53.6'' 1773 
Partially 1 148° 27' 38.1''  36° 22' 35.5'' 1785 
 2 148° 28' 14.1'' 36° 22' 23'' 1681 
 3 148° 26' 42.3'' 36° 23' 32.8'' 1705 
 4 148° 25' 13.2'' 36° 24' 03.5'' 1710 
 5 148° 28' 03.6'' 36° 22' 21.5'' 1660 
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7.2.2 Experimental (BACI) trampling trials on subalpine grasslands post 
fire 

 
Impacts of trampling were again examined using the approach developed by Cole and Bayfield 

(1993). A randomised block design was used with three intensities of trampling (30, 100 and 200 

passes) and a control allocated to trampling lanes at each of five sites for the two levels of 

disturbance (five sites in extensively burnt areas and five sites in partially burnt areas). At each site, a 

3.2 m by 3 m area was divided into four lanes for trampling and treatments randomly allocated to 

each lane. The treatment lanes were 50 cm wide and 3 m in length with a 40 cm wide access lane 

separating each treatment lane (see Chapter 6). The size of the treatment lanes was intended to 

minimise the disturbance area while allowing for natural walking conditions. Trampling intensities 

were lower than those used on unburnt vegetation, as it was likely that the thresholds for damage 

would be lower as the recovering vegetation was likely to be more susceptible to damage.  

 

As in previous trampling trials, sites were trampled by volunteers wearing hiking boots and carrying 

backpacks and weighing approximately 70kg. All trampling was undertaken under similar dry weather 

conditions.  

 

7.2.2.1 Surface cover 
 

Vegetation and soil conditions were measured at each site prior to trampling, immediately after 

trampling, at six weeks after trampling and one year after trampling. At each survey time, changes in 

surface cover were measured using four equally spaced 50 * 30 cm quadrats in each treatment lane. 

Percentage cover was measured for live vegetation cover, bare ground, burnt material (ash and burnt 

vegetation including base of plants, branches and leaves) dead material (unburnt dead attached 

material) and litter (unburnt detached material). Percentage cover of graminoids, herbs and shrubs 

was also calculated, which made up the live vegetation cover.  

 

7.2.2.2 Species richness and frequency  
 

In each of the four quadrats in each lane, all species (or genera if a taxon could not be identified to 

species) was recorded. From this, species richness (the number of species present) was calculated for 

each lane. As such, species richness was calculated as: 

 



 

156 
 

 

Species richness = (quadrat 1 species richness + new species in quadrat 2 + new species in quadrat 3 

                 + new species in quadrat 4) 

 

The frequency of individual taxa in quadrats was assessed as a percentage of the total number of 

quadrats surveyed for each treatment: for example, if a species was recorded in 14 out of the 

maximum 20 quadrats for each treatment type (four quadrats by five sites) then it had a frequency of 

70%. Where individuals could not be classified to species level, genera were reported. 

 

7.2.2.3 Soil compaction and surface profile 
 

Soil bulk density samples were taken immediately after trampling to compare soil compaction 

between the control lanes and those subject to increasing intensity of trampling. At each site, two 

samples were collected from the top 5 cm of each treatment lane (at each end of a lane). Samples 

were collected using a steel ring with a volume of 95.85 cm3. After collection, samples were weighed 

and oven dried at 105°C for 24 hours to allow soil water content to be calculated and soil bulk 

density to be determined (Murphy 2000). Bulk density was expressed as g/cm3 and was calculated as:  

 

Bulk density = soil mass/cylinder volume  

 

Changes in the surface profile were determined using methods described by Whinam & Comfort 

(1996). Three pairs of equally spaced permanent PVC tubes were set into the soil, either side of each 

trampling lane, with adjustable vertical posts inserted into the tubes (Figure 7.1). A level cross 

sectional bar was then fixed to the vertical posts. Data was collected by measuring the distance from 

the horizontal bar to the ground surface at 5 cm intervals across each treatment lane. This method 

allowed for accurate repeat measurements to be made. Changes in the surface profile (loss or gain) as 

a result of trampling or general soil movement were calculated by measuring the difference from the 

initial measurements (pre-treatment).  

 

The absolute changes in surface profile and the changes relative to the controls are both shown in 

the results section for each treatment lane. Changes against controls (mean change adjusted) were 

calculated for each trampling treatment as: 

 

Mean change adjusted = (trampling treatment lane measurement – control lane measurent) 
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This resulted in all control lanes being equal to zero and reflected the actual change in surface profile 

for each trampling treatment lane. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.1: Method and equipment used to measure changes in surface profile within each trampling 
treatment lane. 

 

7.2.3 Analysis 
 

Analysis of trampling data were undertaken using SPSS version 10.0. Data was initially analysed using 

a series of Two-Way Repeated Measures ANOVA, with treatment (control, 30, 100 and 200 passes) 

and level of disturbance (type - extensively and partially burnt) as the independent variables, time as 

the repeated measure with a block at the spatial scale (sites). Dependent variables analysed included 

the vegetation cover (overall and for graminoids, herbs and shrubs separately), bare ground, ash and 

burnt material, dead material, litter, as well as the soil parameters bulk density, soil moisture and 

surface profile. Raw data for each time period can be found in Table 4 in Appendix 3. To satisfy the 

assumptions of the statistical tests (equality of variance and normal distribution) percentage cover 

data was transformed using an arcsine square root transformation. 

 

The effects of trampling were identified using a BACI design. This allowed for the determination of 

changes through time in each cover parameter that was significantly different from concurrent 

changes in the control area. These were identified within the Two-Way Repeated Measures 

ANOVAs, when there was a significant time*treatment or time*treatment*type interaction. 

Differences in the response of the two communities to trampling impacts would also be indicated by 

PVC tubes inserted 
into ground 

Adjustable vertical 
posts 

Level cross section bar 
Measuring stick for 
repeat measurements 

Trampling Lane
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a significant time*treatment*type interaction. As part of the BACI design it is possible to use the 

contrast results from the Two-Way Repeated Measures ANOVAs to see if there is a significant effect 

of treatment before and after treatment occurred when parameters were measured at each 

subsequent time period (immediately after, two weeks, six weeks and one year). As there were four 

treatments (control, 30, 100 and 200 passes) however, a contrast indicates that there was a change in 

the parameters among treatments between before trampling and after trampling.  

 

To test if the trampling lanes differ from the control a series of Two-Way ANOVAs were performed 

separately for each time period with trampling treatment and vegetation community as the 

independent variables. This allows for the direct statistical testing of differences in the effect of 

trampling at different times post trampling, and as such is just a control/impact analysis. To contrast 

differences between treatments at individual time periods, a Tukey’s post hoc test was finally used. 

This, for example, allowed for comparisons between 30 passes and 200 passes. 
 

7.3 RESULTS 

7.3.1 Surface cover 
 

Measurements of cover prior to trampling (approximately six weeks after the fires occurred) clearly 

showed the damage caused by the fires. At extensively burnt sites, only 1.5 ± 0.4% of the cover 

consisted of live vegetation with the remaining cover consisting of 27% ± 4% bare ground and 67% 

± 3% cover of burnt material and ash (Figure 7.2). No dead material or litter was present at these 

sites six weeks post fire reflecting the intensity of the burn.  

 

At partially burnt sites, an average 10 ± 1% of the cover consisted of live vegetation with 6% ± 1% 

bare ground and 63% ± 3% cover of burnt material and ash (Figure 7.2). There was also a lot of 

unburnt dead material at partially burnt sites (18% ± 2% cover) which was possibly a result of heat 

stress on plants adjacent to burnt patches (Author obs.).  

 
Even after trampling vegetation cover increased over time (p = 0.000, Table 7.2) as the vegetation 

recovered from the fires (Figure 7.2a). After one year, vegetation cover at extensively burnt sites had 

increased to 29% ± 3% while in partially burnt sites vegetation cover had increased to 38% ± 4% 

with this difference approximately equal to the initial difference found between the two burn types 

six weeks after the fire. This is reflected in the lack of any significant interaction between time and 

burn type (Table 7.2). 
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Figure 7.2: (a) Vegetation cover, (b) bare ground, (c) all burnt material  and (d) all dead material 
(mean ± 1 standard error)for extensive and partially burnt sites before (■), immediately after ( ), two 
weeks after (▲), six weeks after (●) and one year after (□) trampling treatments of 0 – 200 passes in 
Kosciuszko National Park. 
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Table 7.2: Results from Two-Way Repeated measures ANOVAs for cover types from trampling on 
extensively burnt and partially burnt areas in subalpine grasslands in Kosciuszko National Park in 
January 2003.  

  Vegetation Cover Bare Ground Ash and Burnt 
Material 

Dead Material Litter 

Effect df F p F p F p F p F p 
Time 4 64.589 0.000 62.511 0.000 325.896 0.000 28.731 0.000 25.694 0.000
Time * Type 4 1.776 0.161 5.569 0.002 0.757 0.561 19.716 0.000 7.375 0.000
Time * Treatment 12 1.815 0.057 3.296 0.001 3.850 0.000 1.330 0.215 2.803 0.003
Time * Type * 
Treatment 

12 0.488 0.917 1.173 0.314 0.813 0.637 1.421 0.170 1.197 0.297

 

Trampling did not appear to have any affect on vegetation cover. Although some of the treatment 

interaction values in the ANOVAs for vegetation cover were significant, this was due to an 

unexpected difference in the treatments lanes in the partially burnt sites prior to trampling, with 

vegetation cover of 100 passes significantly different from control lanes (Table 7.2; Table 7.3; Table 

7.4, Table 7.5). Following trampling however, no differences were found in vegetation cover between 

the treatment intensities indicating that trampling did not appear to have any impact upon vegetation 

recovery.  

 

Table 7.3: Contrast results between times from Two-Way Repeated Measures ANOVA for vegetation 
cover from trampling on extensively burnt and partially burnt subalpine grasslands in Kosciuszko 
National Park. 

 

Percentage cover for each of these vegetation types was initially low in both extensively and partially 

burnt sites with recovery largely evident for graminoid and herbs after one year (Figure 7.3a,b,c). 

When examining the cover for each separately, the only effect of trampling was for herb cover (Table 

Source Time df F p
Time Initial vs. After 1 8.641 0.006

Initial vs. 2 weeks 1 0.001 0.977
Initial vs. 6 weeks 1 27.454 0.000
Initial vs. 1 year 1 248.004 0.000

Time * Type Initial vs. After 1 0.644 0.428
Initial vs. 2 weeks 1 4.146 0.050
Initial vs. 6 weeks 1 2.170 0.150
Initial vs. 1 year 1 3.894 0.057

Time * Treatment Initial vs. After 3 2.099 0.120
Initial vs. 2 weeks 3 9.006 0.000
Initial vs. 6 weeks 3 2.966 0.047
Initial vs. 1 year 3 0.471 0.705

Time * Type * Treatment Initial vs. After 3 0.774 0.517
Initial vs. 2 weeks 3 1.004 0.404
Initial vs. 6 weeks 3 0.328 0.805
Initial vs. 1 year 3 0.156 0.925
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7.6). Although there were some significant differences between the herb cover in the treatment lanes 

between initial, after trampling and two weeks post trampling (Table 7.7), there were no effect of 

trampling between the control lanes and trampling lanes at any of the times tested (Table 7.8). By one 

year post trampling the extensively burnt areas had similar herb cover (15% ± 3%) to the partially 

burnt sites (10% ± 2%). Trampling at these intensities did not therefore appear to impede recovery. 

 

Table 7.4: Results from Two-Way ANOVAs comparing type and treatments for absolute vegetation 
cover from trampling in extensively and partially burnt subalpine grasslands in Kosciuszko National 
Park. Each time period was analysed separately. 

  Initial Immediately 
after 

2 weeks 6 weeks 1 year 

 df F p F p F p F p F p 
Type 1 149.03 0.000 76.276 0.000 91.092 0.000 69.103 0.000 4.511 0.043
Treatment 3 3.606 0.026 0.398 0.756 1.334 0.283 0.510 0.678 0.157 0.925
Site  4 12.262 0.000 4.554 0.006 12.773 0.000 13.735 0.000 3.682 0.016
Type * 
Treatment 

3 3.085 0.043 1.566 0.220 0.969 0.421 1.026 0.396 0.286 0.835

 

Table 7.5: Tukey’s post hoc results comparing trampling treatments for absolute vegetation cover 
from Two-Way ANOVAs in extensively and partially burnt subalpine grasslands in Kosciuszko 
National Park. Each time period was examined separately. 

  Ext. Part. Both Both Both Both 

Treatment Treatment Initial Initial After 2 weeks 6 weeks 1 year
0 30 0.999 1.000 1.000 0.998 1.000 1.000 
  100 0.925 0.038 0.783 0.976 0.960 0.999 
  200 0.939 0.260 0.988 0.463 0.883 0.963 
 30 100 0.957 0.044 0.778 0.931 0.955 1.000 
  200 0.901 0.293 0.987 0.577 0.891 0.952 
 100 200 0.646 0.654 0.925 0.254 0.615 0.921 
 

Table 7.6: Two-Way Repeated Measures ANOVAs for cover of lifeforms from trampling on remaining 
surface cover on extensively burnt and partially burnt areas in subalpine grasslands in Kosciuszko 
National Park. 

  Graminoids Herbs Shrubs 

Effect df F p F p F p 
Time 4 59.347 0.000 19.181 0.000 2.708 0.082 
Time * Type 4 0.562 0.692 5.025 0.003 0.722 0.494 
Time * Treatment 12 1.818 0.056 1.997 0.033 1.175 0.331 
Time * Type * 
Treatment 

12 0.863 0.587 0.771 0.678 0.606 0.724 
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Figure 7.3: (a) Graminoid cover, (b) herb cover, (c) shrub cover and (d) litter cover (mean ± 1 standard 
error)for extensive and partially burnt sites before (■), two weeks after (▲), six weeks after (●) and 
one year after (□) trampling treatments of 0 – 200 passes in Kosciuszko National Park. 
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Table 7.7: Contrast results between times from Two-Way Repeated Measures ANOVA for herb cover 
from trampling on extensively burnt and partially burnt subalpine grasslands in Kosciuszko National 
Park. 

Table 7.8: Results from Two-Way ANOVAs comparing burn type and treatments for absolute herb 
cover from trampling in extensively and partially burnt subalpine grasslands in Kosciuszko National 
Park. Each time period was analysed separately. 

  Initial Immediately 
after 

2 weeks 6 weeks 1 year 

 df F p F p F p F p F p 
Type 1 22.995 0.000 7.832 0.009 5.318 0.029 3.907 0.058 1.754 0.196 
Treatment 3 1.207 0.326 0.414 0.744 1.235 0.315 0.259 0.854 0.996 0.409 
Site  4 18.269 0.000 10.541 0.000 20.308 0.000 23.509 0.000 8.995 0.000 
Type * 
Treatment 

3 2.370 0.092 0.482 0.698 1.354 0.277 1.590 0.214 0.520 0.672 

 

The bare ground category included both exposed soil and the unburnt organic matter horizons. As 

would be expected there was significantly more bare ground in the extensively burnt sites than the 

partially burnt sites before trampling (Table 7.9; Table 7.10). Trampling initially resulted in a 

significant increase in the amount of bare ground exposed in both the extensively burnt and partially 

burnt areas (Figure 7.2b; Table 7.2; Table 7.10). When comparing values for bare ground prior to 

trampling with post trampling measurements, differences were apparent immediately after trampling, 

two and six weeks later but by one year post trampling there was no significant time*treatment 

interaction (Table 7.9).  

 

Source Time df F p
Time Initial vs. After 1 31.229 0.000

Initial vs. 2 weeks 1 0.004 0.949
Initial vs. 6 weeks 1 41.897 0.000
Initial vs. 1 year 1 60.142 0.000

Time * Type Initial vs. After 1 11.458 0.002
Initial vs. 2 weeks 1 13.010 0.001
Initial vs. 6 weeks 1 6.176 0.018
Initial vs. 1 year 1 4.813 0.036

Time * Treatment Initial vs. After 3 8.546 0.000
Initial vs. 2 weeks 3 9.042 0.000
Initial vs. 6 weeks 3 2.023 0.130
Initial vs. 1 year 3 1.032 0.392

Time * Type * Treatment Initial vs. After 3 2.457 0.081
Initial vs. 2 weeks 3 0.692 0.564
Initial vs. 6 weeks 3 0.457 0.714
Initial vs. 1 year 3 0.187 0.904
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Table 7.9: Contrast results between times from Two-Way Repeated Measures ANOVA for bare 
ground cover from trampling on extensively burnt and partially burnt subalpine grasslands in 
Kosciuszko National Park. 

 

Increasing trampling clearly resulted in increased bare ground exposure initially. As few as 30 passes 

resulted in an immediate increase in bare ground, with cover of bare ground changing from 27 ± 4% 

to 52% ± 13% in extensively burned sites and from 6 ± 1% to 18% ± 7% in partially burned sites 

after trampling (Figure 7.2b; Table 7.11). Immediately after 100 passes, 72% ± 8% of cover was bare 

ground in the extensively burnt sites and 30% ± 5% bare ground in the partially burnt sites. 

Immediately after 200 passes the values were  81% ± 9% at extensively burnt sites and 31% ± 9% in 

partly burnt sites. Six weeks after trampling however, there was no differences in the cover of bare 

ground between trampling treatments with the amount of bare ground in the control sites having 

increased to levels equivalent to those in the trampling lanes (Figure 7.2b). At one year, although 

there were increases in vegetation cover, there was still significantly more bare ground on average at 

the extensively burnt sites (48% ± 3%) than in the partially burnt sites (28% ± 3%; Table 7.10; 

Figure 7.2b), but this was not an effect of trampling. 

 

Burnt material consisted of ash, remaining burnt grass tussocks and other recognizably burnt 

vegetation and accounted for the majority of the cover at both the partially and extensively burnt 

sites. The amount of burnt material and the way in which it declined over time as the sites recovered 

from fire did not differ between the extensively and partially burnt sites as shown by the lack of any 

significant effect of type in the different analysis (Table 7.2, Table 7.12, Table 7.13, Figure 7.2c). A 

year after the fire the cover of burnt material was down to 1.8 ± 1% in the extensively burnt sites and 

2% ± 0.5% in the partially burnt sites. 
 

Source Time df F p
Time Initial vs. After 1 204.675 0.000

Initial vs. 2 weeks 1 195.893 0.000
Initial vs. 6 weeks 1 165.973 0.000
Initial vs. 1 year 1 120.283 0.000

Time * Type Initial vs. After 1 10.527 0.003
Initial vs. 2 weeks 1 11.079 0.002
Initial vs. 6 weeks 1 8.076 0.008
Initial vs. 1 year 1 1.378 0.249

Time * Treatment Initial vs. After 3 32.114 0.000
Initial vs. 2 weeks 3 8.733 0.000
Initial vs. 6 weeks 3 3.396 0.030
Initial vs. 1 year 3 0.294 0.829

Time * Type * Treatment Initial vs. After 3 2.688 0.063
Initial vs. 2 weeks 3 0.699 0.560
Initial vs. 6 weeks 3 0.185 0.906
Initial vs. 1 year 3 1.023 0.396
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Table 7.10: Results from Two-Way ANOVAs comparing burn type and treatments for bare ground 
cover from trampling in extensively and partially burnt subalpine grasslands in Kosciuszko National 
Park. Each time period was analysed separately. 

  Initial Immediately 
after 

2 weeks 6 weeks 1 year 

 df F p F p F p F p F p 
Type 1 53.746 0.000 83.423 0.000 73.244 0.000 67.387 0.000 20.752 0.000
Treatment 3 0.217 0.884 21.399 0.000 5.719 0.003 2.222 0.108 0.237 0.870
Site  4 7.005 0.000 9.795 0.000 11.413 0.000 14.967 0.000 3.459 0.020
Type * 
Treatment 

3 0.331 0.803 2.669 0.067 0.899 0.454 0.226 0.878 0.535 0.662

 

Table 7.11: Tukey’s post hoc results comparing trampling treatments for bare ground cover from Two-
Way ANOVAs in extensively and partially burnt subalpine grasslands in Kosciuszko National Park. 
Each time period was examined separately. 

Treatment Treatment Initial After 2 weeks 6 weeks 1 year
0 30 1.000 0.017 0.201 0.659 0.867 
  100 0.914 0.000 0.007 0.139 0.943 
  200 0.984 0.000 0.007 0.152 0.907 
 30 100 0.895 0.022 0.429 0.706 0.997 
  200 0.977 0.002 0.430 0.734 1.000 
 100 200 0.991 0.793 1.000 1.000 0.999 
 

Table 7.12: Contrast results between times from Two-Way Repeated Measures ANOVA for burnt 
material cover from trampling on extensively burnt and partially burnt subalpine grasslands in 
Kosciuszko National Park. 

The cover of burnt material was affected by trampling, with as few as 30 passes resulting in an 

immediate decline in burnt material (Table 7.2, Table 7.12, Table 7.13, Table 7.14 Figure 7.2c). The 

impact of trampling on burnt material was still apparent at six weeks, but not for 30 passes. There 

was also no difference between the impact of 100 and 200 passes indicating that there was no further 

loss of burnt material after 100 passes (Table 7.14). 

Source Time df F p
Time Initial vs. After 1 370.886 0.000

Initial vs. 2 weeks 1 296.894 0.000
Initial vs. 6 weeks 1 316.055 0.000
Initial vs. 1 year 1 1097.069 0.000

Time * Type Initial vs. After 1 1.571 0.219
Initial vs. 2 weeks 1 1.906 0.177
Initial vs. 6 weeks 1 1.813 0.188
Initial vs. 1 year 1 1.957 0.171

Time * Treatment Initial vs. After 3 70.067 0.000
Initial vs. 2 weeks 3 22.896 0.000
Initial vs. 6 weeks 3 13.995 0.000
Initial vs. 1 year 3 0.153 0.927

Time * Type * Treatment Initial vs. After 3 0.157 0.924
Initial vs. 2 weeks 3 0.277 0.842
Initial vs. 6 weeks 3 0.452 0.717
Initial vs. 1 year 3 1.679 0.191
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Table 7.13: Results from Two-Way ANOVAs comparing burn type and treatments for burnt material 
cover from trampling in extensively and partially burnt subalpine grasslands in Kosciuszko National 
Park. Each time period was analysed separately. 

  Initial Immediately 
after 

2 weeks 6 weeks 1 year 

 df F p F p F p F p F p 
Type 1 1.632 0.212 0.001 0.974 0.210 0.651 0.228 0.637 1.533 0.226
Treatment 3 0.494 0.689 72.108 0.000 31.440 0.000 20.913 0.000 3.709 0.023
Site  4 5.098 0.003 4.321 0.008 7.704 0.000 10.373 0.000 7.658 0.000
Type * 
Treatment 

3 2.481 0.082 2.415 0.088 2.474 0.082 2.753 0.061 0.301 0.824

 
Table 7.14: Tukey’s post hoc results comparing trampling treatments for burnt material cover from 
Two-Way ANOVAs in extensively and partially burnt subalpine grasslands in Kosciuszko National 
Park. Each time period was examined separately. 

Treatment Treatment Initial After 2 weeks 6 weeks 1 year
0 30 0.998 0.007 0.032 0.269 0.990 
  100 0.805 0.000 0.000 0.000 0.053 
  200 0.937 0.000 0.000 0.000 0.135 
 30 100 0.714 0.000 0.000 0.001 0.100 
  200 0.878 0.000 0.000 0.000 0.232 
 100 200 0.989 0.464 0.992 0.995 0.968 
 

Dead material cover (comprised of unburnt material that was still attached to the plant) was much 

greater in the partially burnt sites than in the extensively burnt sites. These differences were still 

evident one year post trampling (Figure 7.2d; Table 7.2; Table 7.15; Table 7.16). There was however, 

no significant effect of the treatments on dead material cover (Table 7.2; Table 7.15; Table 7.16). 

When examining the contrasts between initial and subsequent cover measurements for the time*type 

interaction, differences were only significant between initial and one year measurements (Table 7.15) 

as the cover of dead material declined and the cover of live vegetation increased more in partially 

burnt areas, compared to extensively burnt areas 

 
The significantly lower cover of burnt material in the extensively burnt sites occurred at all times up 

to and including one year (Table 7.16). This is obviously a result of extensively burnt areas generally 

containing little or no dead material while partially burnt areas maintained a cover of between 17% 

and 23% dead material during the year after fire.  
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Table 7.15: Contrast results between times from Two-Way Repeated Measures ANOVA for dead 
material cover from trampling on extensively burnt and partially burnt subalpine grasslands in 
Kosciuszko National Park. 

 
Table 7.16: Results from Two-Way ANOVAs comparing burn type and treatments for dead material 
cover from trampling in extensively and partially burnt subalpine grasslands in Kosciuszko National 
Park. Each time period was analysed separately. 

  Initial Immediately 
after 

2 weeks 6 weeks 1 year 

 df F p F p F p F p F p 
Type 1 291.8 0.000 162.564 0.000 218.874 0.000 130.006 0.000 15.350 0.001 
Treatment 3 1.396 0.265 0.568 0.641 1.579 0.217 1.958 0.143 0.240 0.868 
Site  4 2.347 0.079 1.339 0.280 1.250 0.313 2.033 0.117 4.379 0.007 
Type * 
Treatment 

3 1.396 0.265 0.568 0.641 1.579 0.217 0.435 0.730 0.479 0.700 

 

Trampling caused an increase in the cover of litter (unburnt detached dead material) in both the 

extensively and partial burnt subalpine grassland (Table 7.2, Table 7.17, Table 7.18, Table 7.19, 

Figure 7.3d). This can be seen in the ANOVA results with significant time * treatment interactions in 

the overall analysis, and in the contrasts comparing before trampling with subsequent trampling 

values (Table 7.2, Table 7.17). Treatment was also significant in the Two-Way ANOVAs immediately 

after trampling, at two and six weeks post trampling and a year after trampling (Table 7.18).  
 

Litter cover increased with trampling as dead material became detached from remaining vegetation 

and was therefore greatest in partially burnt sites as extensively burnt sites tended to have little 

vegetation and dead material remaining. In partially burnt areas, significant differences from the 

control (5% ± 2%) were evident immediately after trampling for both 100 and 200 passes (29% ± 

8% and 31% ± 7% respectively) with differences in litter cover remaining one year after trampling 

(Table 7.19). No difference was found between 100 and 200 passes at any time. Intensities of 30 

passes did not result in cover differences from the controls at any time. 

Source Time df F p
Time Initial vs. After 1 0.810 0.375

Initial vs. 2 weeks 1 0.649 0.426
Initial vs. 6 weeks 1 2.855 0.101
Initial vs. 1 year 1 112.946 0.000

Time * Type Initial vs. After 1 0.810 0.375
Initial vs. 2 weeks 1 0.649 0.426
Initial vs. 6 weeks 1 0.880 0.355
Initial vs. 1 year 1 50.885 0.000

Time * Treatment Initial vs. After 3 0.120 0.948
Initial vs. 2 weeks 3 0.613 0.611
Initial vs. 6 weeks 3 0.802 0.502
Initial vs. 1 year 3 0.807 0.499

Time * Type * Treatment Initial vs. After 3 0.120 0.948
Initial vs. 2 weeks 3 0.613 0.611
Initial vs. 6 weeks 3 0.223 0.880
Initial vs. 1 year 3 1.168 0.337
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Table 7.17: Contrast results between times from Two-Way Repeated Measures ANOVA for litter cover 
from trampling on extensively burnt and partially burnt subalpine grasslands in Kosciuszko National 
Park. 

Table 7.18: Results from Two-Way ANOVAs comparing burn type and treatments for litter cover from 
trampling in extensively and partially burnt subalpine grasslands in Kosciuszko National Park. Each 
time period was analysed separately. 

  Initial Immediately 
after 

2 weeks 6 weeks 1 year 

 df F p F p F p F p F p 
Type 1 2.276 0.143 25.591 0.000 32.473 0.000 33.399 0.000 26.406 0.000 
Treatment 3 0.023 0.995 12.605 0.000 10.824 0.000 9.946 0.000 6.932 0.001 
Site  4 11.112 0.000 11.844 0.000 12.673 0.000 13.493 0.000 33.307 0.000 
Type * 
Treatment 

3 0.483 0.697 2.723 0.063 2.199 0.110 1.736 0.182 1.541 0.226 

 

Table 7.19: Tukey’s post hoc results comparing trampling treatments for litter cover from Two-Way 
ANOVAs for extensively and partially burnt subalpine grasslands in Kosciuszko National Park. Each 
time period was examined separately. 

Treatment Treatment Initial After 2 weeks 6 weeks 1 year
0 30 0.997 0.685 0.388 0.396 0.268 
  100 0.997 0.000 0.001 0.001 0.008 
  200 0.996 0.000 0.000 0.000 0.001 
 30 100 1.000 0.007 0.045 0.047 0.380 
  200 1.000 0.003 0.013 0.026 0.118 
 100 200 1.000 0.987 0.953 0.994 0.900 
 

7.3.2 Species richness and frequency 
 

As expected species richness in subalpine grasslands was substantially higher before the fire 

(12 ± 0.3, Chapter 6, section 6.3.2.2) with only 3.2 ± 0.7 species per lane in extensively burnt sites 

and only 5.2 ± 0.4 species per lane in partially burnt sites prior to trampling (Figure 7.4).  

Source Time df F  p  
Time Initial vs. After 1 97.558 0.000 
 Initial vs. 2 weeks 1 90.776 0.000 
 Initial vs. 6 weeks 1 89.597 0.000 
 Initial vs. 1 year 1 14.441 0.001 
Time * Type Initial vs. After 1 23.602 0.000 

Initial vs. 2 weeks 1 30.216 0.000 
Initial vs. 6 weeks 1 29.386 0.000 

 Initial vs. 1 year 1 4.467 0.042 
Time * Treatment Initial vs. After 3 20.470 0.000 

Initial vs. 2 weeks 3 17.164 0.000 
Initial vs. 6 weeks 3 14.856 0.000 

 Initial vs. 1 year 3 3.442 0.028 
Time * Type * Treatment Initial vs. After 3 3.934 0.017 

Initial vs. 2 weeks 3 3.140 0.039 
Initial vs. 6 weeks 3 2.321 0.094 
Initial vs. 1 year 3 0.477 0.700 
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Figure 7.4: Species richness (mean ± 1 standard error) before trampling (■), two weeks after (▲), six 
weeks after (●) and one year after (□) increasing intensities of trampling (0, 30, 100 and 200 passes) for 
extensively and partially burnt subalpine areas. 

 

A total of 17 taxa were recorded at the five extensively burnt sites six weeks after fire just before the 

trampling experiment, increasing to 31 taxa one year after trampling (Table 7.20). The partially burnt 

sites were initially more diverse with a total of 25 taxa present just before trampling increasing to 30 

after one year (Table 7.24). In many of the extensively burnt sites, species richness and cover was 

exceptionally low as only seedlings were present.  

 

Trampling did not effect species richness although time and burn type did have an effect (Table 7.21 

Table 7.22, Table 7.23, Figure 7.3). Initially the partially burnt sites had a higher species richness per 

lane (3.2 ± 0.7 in extensively burnt and 5.2 ± 0.4 in partially burnt), but over time as the number of 

species per lane increased in both burn types, the differences in diversity between burn types was 

lost. At one year post trampling, there were 9.2 ± 0.6 species per lane in the extensively burnt sites 

and 8.8 ± 0.5 per lane in the partially burnt sites (Figure 7.3).  

 

In the extensively burnt sites, the most frequent taxa identified prior to trampling were Poa spp., 

Asperula gunnii, Aciphylla simplicifolia, *Acetosella vulgaris, Poranthera microphylla, Stellaria pungens and 

Craspedia sp. Over time, other species increased in abundance including Carex sp., Empodisma minus 

and Geranium antrorsum (Table 7.20). 

   Extensively burnt                       Partially burnt 
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Table 7.20: Frequency of species for each level of trampling intensity in extensively burnt subalpine 
grasslands in Kosciuszko National Park. Each treatment lane contained 20 quadrats (five sites with 
four quadrats for each lane), hence each quadrat where a species was present represented 5% 
frequency. T1 = Initial composition; T2 = 2 week composition; T3 = six week composition; T4 = one 
year composition. 

 

Table 7.21: Results from Two-Way Repeated Measures ANOVA for species richness from trampling 
on remaining surface cover on extensively burnt and partially burnt areas in subalpine grasslands in 
Kosciuszko National Park. 

Effect df F p 
Time 3 42.668 0.000 
Time * Type 3 3.613 0.024 
Time * Treatment 9 0.700 0.707 
Time * Type * Treatment 9 0.831 0.590 

 Control 30 Passes 100 Passes 200 Passes 
 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4
Poa sp. 30 30 30 55 35 35 35 70 45 50 60 75 35 30 45 80 
Asperula gunnii 15 35 35 60 10 15 20 40 25 20 30 45 10 5 15 35 
Aciphylla simplicifolia 20 20 25 35 20 20 20 30 25 25 25 40 15 10 25 40 
*Acetosella vulgaris    35 25 30 30 50 20 10 10 30 10 10 20 50 
Poranthera microphylla 15 35 35 55 15 20 20 50    40 5   40 
Stellaria pungens 10 15 15 40 20 25 30 45 5 10 15 15 10 10 30 30 
Carex sp. 10 10 10 70 10 5 5 50    35    35 
Craspedia aurantia    5 20 25 20 20 10 15 15 10 10 5 5 5 
Empodisma minus  5 15 40   5 30    35   5 30 
Geranium antrorsum 5 5 5 20   5 30  5 5 25    40 
Viola betonicifolia 5 10 10 10  10 15 10 10 10 20 10 5   5 
Microseris lanceolata  10 20 20 5 5 5 10   5 5  5 10 10 
Craspedia sp. 5 5 10   5 15 10 5 10 15   5 5  
Luzula sp.    5  5 5 25 5 5 5 15     
Poa fawcettiae    20    15    20    15 
Ranunculus sp. 10 10 10 20      5 5 10     
Thick bladed grass     10 10 10 10    10    10 
Rhodanthe anthemoides    15    15    15    5 
*Hypochoeris radicata 5 5 5 5 5   10    5     
Melicytus sp.    10    5    5    10 
Poa costiniana    5    5    10    10 
Lycopodium sp.        5    10    10 
Senecio sp.  5 5 5    5    5     
Brachyscome sp. 5        5  5 5     
Epilobium sp.        10         
Leptorhynchos squamatus        5    5     
*Cerastium vulgare        5        5 
Agrostis sp.    5             
Kunzea muelleri            5     
Oreomyrrhis eriopoda                5 
Pennywort sp.                5 
* = weed species  
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Table 7.22: Contrast results between times from Two-Way Repeated Measures ANOVA for species 
richness from trampling on extensively burnt and partially burnt subalpine grasslands in Kosciuszko 
National Park. 

Table 7.23: Results from Two-Way ANOVAs comparing burn type and treatments (0, 30, 100, 200 
passes) for species richness from trampling in extensively and partially burnt subalpine grasslands in 
Kosciuszko National Park. Each time period was analysed separately. 

  Initial 2 weeks 6 weeks 1 year 
 df F p F p F p F p 

Type 1 8.107 0.008 13.803 0.001 7.565 0.010 0.563 0.459 
Treatment 3 0.326 0.806 2.658 0.068 1.604 0.211 1.211 0.324 
Site  4 4.574 0.006 15.827 0.000 11.107 0.000 8.952 0.000 
Type * 
Treatment 

3 0.506 0.681 0.665 0.581 1.208 0.325 1.693 0.191 

 

Increasing intensities of trampling in the extensively burnt sites appear to positively influence the 

frequency of Poa spp. and Geranium spp. Species such as Carex, Stellaria and Microseris appeared to 

slightly decrease in frequency as a result of trampling while Craspedia sp. which appeared to recover 

quickly from the fires, did not appear to be affected by trampling (Table 7.20). 

 

Despite several studies having found that weed species richness can increase following fires (Milberg 

& Lamont; Johnston & Johnston 2003), only three weed species were found in the extensively burnt 

sites (*Acetosella vulgaris, *Hypochoeris radicata and *Cerastium vulgare) (Table 7.20) and only *Acetosella 

vulgaris appeared to increase in frequency over time. Further, trampling did not appear to affect the 

frequency of *Acetosella vulgaris. Cover data for individual species may have revealed a different 

response. 

 

In the partially burnt sites, initial species frequency was higher in part due to the patches of unburnt 

vegetation. Taxa such as Poa sp. Aciphylla, Carex, Asperula and Craspedia were relatively frequent 

following the fire. Over the following year, these species continued to increase in frequency, along 

Source Time df F value p value
Time Initial vs. 2 weeks 1 6.531 0.016

Initial vs. 6 weeks 1 17.210 0.000
Initial vs. 1 year 1 122.998 0.000

Time * Type Initial vs. 2 weeks 1 0.000 1.000
Initial vs. 6 weeks 1 0.351 0.558
Initial vs. 1 year 1 8.518 0.006

Time * Treatment Initial vs. 2 weeks 3 1.198 0.326
Initial vs. 6 weeks 3 0.793 0.507
Initial vs. 1 year 3 0.441 0.726

Time * Type * Treatment Initial vs. 2 weeks 3 0.129 0.942
Initial vs. 6 weeks 3 1.158 0.341
Initial vs. 1 year 3 0.386 0.764
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with Empodisma minus, *Acetosella vulgaris, Microseris lanceolata, Stellaria pungens and Geranium antrorsum. 

Though almost completely absent in the first few months after the fires, Cardamine sp. and Oreomyrrhis 

eriopoda were recorded in several quadrats one year post trampling (Table 7.24). The only species that 

appears to have been affected by trampling in the partially burnt sites was Asperula gunnii, which 

initially appeared to decrease in frequency following 200 passes. No difference was apparent after 

one year however. 

 

Table 7.24: Frequency of species occurrence for each level of trampling intensity in partially burnt 
subalpine grasslands in Kosciuszko National Park. Each treatment lane contained 20 quadrats (five 
sites with four quadrats for each lane)hence each quadrat where a species was present represented 5% 
frequency. T1 = Initial composition; T2 = 2 week composition; T3 = six week composition; T4 = one 
year composition. 

 
 

 

 Control 30 Passes 100 Passes 200 Passes 
 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4
Poa sp. 90 95 95 95 95 95 95 100 95 90 100 100 95 100 100 95
Aciphylla simplicifolia 50 60 70 70 30 35 45 60 45 40 45 65 45 35 35 60
Carex sp. 35 35 25 50 15 15 15 20 30 20 30 45 25 30 20 25
Asperula gunnii 15 25 35 40 5 20 25 35 30 30 30 40 35 5 5 30
Empodisma minus 15 15 15 30 20 20 20 30 15 15 20 50 15 15 20 40
Craspedia aurantia 15 15 15 15 10 10 10 20 30 25 35 40 20 25 25 25
*Acetosella vulgaris 15 20 20 40 5 5 5 25 15 15 20 30 10 5 10 20
Microseris lanceolata 15 20 20 20 10 15 15 5 20 15 20 20 10 10 20 20
Stellaria pungens   15 25 10 15 20 20 10 10 20 20 5 10 25 20
Geranium antrorsum 15 15 20 25    10 10 10 10 20 10 10 5 20
Chionogentias muelleri 10 5 5 5 5 5 5 5 5 5 5 10 15 15 15 15
Ranunculus sp. 5 5 10 10    5 5 10 15 20 10 5 10 10
Viola betonicifolia 5 5 10 20     15 10 15 10  5 5 10
Cardamine sp.    20    25    20    20
Poranthera microphylla 15 10 10 20    5 5   5    10
Oreomyrrhis eriopoda    10 5 5 5 10    10    15
Kunzea muelleri     15 15 10 15         
Unknown Grass sp. 5 5 5  5 5 5 5 5 5 5 5     
Trisetum spicatum     10 15 15 15    10    20
Senecio sp.        5     10 10 10 15
Luzula sp. 5 5 5 10            5 
Celmisia sp. 5 5 5 5             
Schizeilema sp.         5  5 5     
Scleranthus            5 10    
Epacris sp.         5 5       
Hakea lissosperma        5        5 
Rhodanthe anthemoides    5    5         
Plantago sp.     5   5         
Ranunculus gunnianus        5    5     
Brachyscome sp.        5         
Ranunculus graniticola    5             
* = weed taxa 
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7.3.3 Soil compaction and surface profile  
 
No significant differences in compaction (as measured by soil bulk density) or soil moisture were 

found between the two burn types (Table 7.25) or with increasing trampling (Table 7.25). However, 

there was a trend towards increased soil density in the extensively burnt areas (Figure 7.5). 

 

Table 7.25: Results from Two-Way ANOVAs immediately after trampling comparing burn type and 
treatment (0, 30, 100, 200 passes) for bulk density and soil moisture from trampling in extensively and 
partially burnt subalpine grasslands in Kosciuszko National Park.  

  Bulk Density Soil Moisture

Effect df F p F p 
Type 1 0.058 0.811 0.440 0.509
Treatment 3 0.938 0.427 0.096 0.962
Site 4 16.068 0.000 10.021 0.000
Type * Treatment 3 0.797 0.500 1.868 0.143
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.5: Soil bulk density and soil moisture (mean ± 1 standard error) for increasing intensities of 
trampling (0, 30, 100 and 200 passes) immediately after trampling in extensively burnt (■) and partially 
burnt (□) subalpine areas. 

 
Trampling resulted in an immediate reduction in the soil profile even after as few as 30 passes (Figure 

7.6). However, over the next few weeks, the soil surface in the control also declined, potentially as 

general soil movement occurred at each site. As a result, there were few remaining effects of 

trampling on the soil profile at two and six weeks, and none at one year (Table 7.26, Table 7.27, 

Table 7.28, Table 7.29). 

 

There were differences in the pattern of soil movement between the two burn types with soil profiles 

continuing to eroded at the partially burnt sites over time, with the loss of 21.9 ± 2 mm of soil at the 

control sites after a year (Figure 7.6a). In contrast at the extensively burnt sites, there was 
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considerable variation among sites in the soil profile after a year with some sites accumulating soil 

and others losing it (3.4 ± 15 mm, Figure 7.6a). When soil loss values were adjusted to reflect losses 

by the controls, there appeared to be losses of soil from trampling but subsequent gains in soil in 

both extensively and partially burnt sites (Figure 7.6b). It is more likely that this gain reflects 

recovering vegetation raising the average height of the surface profile. 

 
     Extensively Burnt   Partially Burnt 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.6: (a) Change in surface profile and (b) change in surface profile adjusted against controls 
(mean ± 1 standard error) for increasing intensities of trampling (0, 30, 100 and 200 passes) before 
trampling (■), immediately after trampling ( ) and two weeks (▲), six weeks (●) and one year after 
trampling (□) in extensively and partially burnt subalpine areas. 

 
Table 7.26: Results from Two-Way Repeated Measures ANOVA for surface profile from trampling on 
remaining surface cover on extensively burnt and partially burnt areas in subalpine grasslands in 
Kosciuszko National Park. 

Effect df F p 
Time 4 50.329 0.000 
Time * Type 4 9.841 0.000 
Time * Treatment 12 3.167 0.001 
Time * Type * Treatment 12 1.055 0.408 
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Table 7.27: Contrast results between times from Two-Way Repeated Measures ANOVA for surface 
profile within trampling lanes on extensively burnt and partially burnt subalpine grasslands in 
Kosciuszko National Park. 

 
Table 7.28: Results from Two-Way ANOVAs comparing burn type and treatments for surface profile 
from trampling in extensively and partially burnt subalpine grasslands in Kosciuszko National Park. 
Each time period was analysed separately. 

  Immediately 
after 

2 weeks 6 weeks 1 year 

 df F p F p F P F p 
Type 1 0.654 0.427 1.785 0.194 18.664 0.000 27.103 0.000 
Treatment 3 19.181 0.000 3.100 0.046 5.672 0.004 0.206 0.891 
Site  4 1.050 0.402 2.772 0.050 1.018 0.418 9.216 0.000 
Type * 
Treatment 

3 0.230 0.875 0.337 0.799 3.657 0.027 0.631 0.602 

 

Table 7.29: Tukey’s post hoc results comparing trampling treatments for surface profile from Two-
Way ANOVAs for extensively and partially burnt subalpine grasslands in Kosciuszko National Park. 
Each time period was examined separately. 

  Both Both Ext. Part. Both 

Treatment Treatment After 2 weeks 6 weeks 6 weeks 1 year
0 30 0.004 0.769 0.782 1.000 0.887 
  100 0.000 0.039 0.759 0.007 0.933 
  200 0.000 0.288 0.964 0.242 0.998 
 30 100 0.228 0.252 1.000 0.007 0.999 
  200 0.011 0.828 0.964 0.248 0.950 
 100 200 0.465 0.721 0.954 0.141 0.977 
 

 

Source Time df F value p value
Time Initial vs. After 1 150.114 0.000

Initial vs. 2 weeks 1 91.336 0.000
Initial vs. 6 weeks 1 152.428 0.000
Initial vs. 1 year 1 7.571 0.010

Time * Type Initial vs. After 1 1.466 0.236
Initial vs. 2 weeks 1 3.650 0.066
Initial vs. 6 weeks 1 21.848 0.000
Initial vs. 1 year 1 8.672 0.006

Time * Treatment Initial vs. After 3 19.044 0.000
Initial vs. 2 weeks 3 2.474 0.082
Initial vs. 6 weeks 3 5.657 0.004
Initial vs. 1 year 3 0.095 0.962

Time * Type * Treatment Initial vs. After 3 0.228 0.876
Initial vs. 2 weeks 3 0.269 0.847
Initial vs. 6 weeks 3 3.648 0.024
Initial vs. 1 year 3 0.290 0.832
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7.4 DISCUSSION 
 

Fires have been shown to increase soil loss from catchments affecting water discharges and water 

quality (Costin 1970; Brown 1972; Good 1973; Good 1981; Humphreys & Craig 1981; Moody & 

Martin 2001). This is not surprising as even small areas of bare soil can result in erosion in the 

Australian Alps (Costin et al. 1960). Following a fire, the greatest losses of soil and nutrients often 

occur during the first four months (Gimeno-Garcia et al. 2000) with changes in soil hydrophobicity 

and decreased litter and vegetation cover often the cause (Leitch et al. 1983; Prosser & Williams 1998; 

Shakesby et al. 2000; Shakesby et al. 2003). 

 

Rapid recovery of vegetation is therefore important after a fire, as vegetation can bind the soil as well 

as protect it from rainfall and frost events. In the Australian Alps the recovery of alpine and 

subalpine vegetation is slow, and likely to take years due to the short growing season and the effects 

of frosts, winter snow covers and spring thaws on the soil surface (Wimbush & Costin 1979a, b, c; 

Leigh et al. 1987; Wahren et al. 2001). Recovery following fires will be variable and site specific with 

factors such as extent and severity of fire, physiographic location and post fire conditions all  

influential (Bear 2004; Scherrer et al. 2004).  
 

7.4.1 Impact of trampling on burnt subalpine grasslands 
 

Damage to vegetation in the Australian Alps following the 2003 bushfires was substantial with 

limited above ground live vegetation evident six weeks after the fires. Indeed, in extensively burnt 

areas, vegetation recovery was minimal with less than 2% of total cover consisting of above ground 

live vegetation with the remaining cover exposed soil (average 27%), litter (average 4%) and burnt 

material (average 67%). In partially burnt areas, though less soil was exposed (average 6%), much of 

the vegetation was affected: there was less than 10% above ground live vegetation with an average of 

20% dead material. Burnt material comprised an average of 63% of the sites. 

 

While the extent of vegetation loss and soil exposure varied between the extensively and partially 

burnt sites, the results indicate that trampling on either burn types initially increased the amount of 

bare soil exposed. The initial primary threshold before changes occurred was quite low with surface 

conditions very unstable six weeks after the fire (Plate 7.2). Even at intensities as low as 30 passes, 

there was an initial increase in bare soil exposure as a result of the mechanical action of trampling on 

the soil surface removing overlying burnt material and ash (Plate 7.2). Even larger areas of bare soil 

were exposed by 100 and 200 passes. Six weeks and one year after trampling however, there were no 
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longer any significant differences between treatments. This suggests that while trampling has 

significant short term impacts (such as increasing soil exposure), the severity of the disturbance by 

natural events such as rainfall and other such natural processes eclipsed trampling damage (as seen in 

the control sites).  

Plate 7.2: Six weeks after the bushfires in Kosciuszko National Park, surface conditions were very 
unstable and easily disturbed (left) with repeat trampling rapidly resulting in loss of remaining burnt 
material and ash and exposure of underlying soils (right). 

 

Ash and burnt material cover initially followed a similar pattern. At 30, 100 and 200 passes, initial 

losses of ash and burnt material were substantial with the mechanical actions of trampling loosening 

material and causing it to blow away. However, at six weeks and one year after trampling these 

differences remained for 100 and 200 passes. These impacts of trampling may be detrimental as 

reduced ash and burnt material may affect vegetation recovery in the long term with ash supplying 

important nutrients for regenerating vegetation (Beadle 1967; Growcock et al. 2004).  

 

Based on the results for vegetation cover and species richness and diversity one year after trampling, 

the loss of ash and burnt material does not appear to have negatively affected vegetation. No 

differences were found between any treatments and the control for these measures. Vertical 

projected cover for graminoids and herbs had increased on average to 13% and 15% respectively for 

extensively burnt areas and increased on average to 27% and 10% respectively for partially burned 

areas. These cover percentages however, are lower than values found in some other sites one year 

post fire in Kosciuszko National Park (Bear 2004; Scherrer et al. 2004) again reflecting the variation in 

recovery in subalpine grasslands.  
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The loss of ash and burnt material from trampling may be an advantage for some weed species that 

prefer low soil nutrient levels (Beadle 1967). Though cover of individual weed species was not 

recorded, the frequency of *Acetosella vulgaris and *Hypochoeris radicata increased following the fires. 

Other extensively burnt sites also tended to have a greater biomass of *Acetosella vulgaris (Bear 2004) 

which is consistent with research which has identified it as being an early colonising species (Scherrer 

2003). Increasing trampling did not appear to affect the frequency of weed species indicating that it 

had at least a moderate level of resistance to trampling.  

 

Few species appeared to have been affected by trampling, with the exception of Poa spp. and 

Geranium antrorsum in the extensively burnt sites. At these sites they appeared to increase in frequency 

after 200 passes indicating that additional disturbances after fire from trampling may have positively 

affected their growth. Carex spp. however, appeared to be negatively affected by trampling after 

bushfires with frequency of species reduced in treatment lanes of 200 passes when compared to the 

controls. This is in contrast to results found in Chapter 6 and is perhaps a result of drier soils 

following the bushfires. 

 

One species that appeared to benefit from the lack of competition following the fires was the herb 

Stellaria pungens. This species is considered as an important colonizer within disturbed areas and is 

found to flourish after droughts (Wimbush & Costin 1979a, b). Indeed, following the bushfires, 

Stellaria pungens went from an occasional member of the subalpine grasslands to one of the most 

common species present for the first year post fire (Bear 2004). In the trampling trials, Stellaria pungens 

did not appear to decrease in frequency following trampling, however observations suggested that 

trampling quickly damaged Stellaria pungens with substantial damage evident after 100 passes at six 

weeks (Plate 7.3). Loss of this species may have long term consequences for soil loss through 

reducing the limited vegetation cover.  

 

Significant differences in soil conditions between treatments were evident up to and including the 

first six weeks after trampling with a trend towards greater soil loss and increased soil compaction 

levels with increasing trampling. While it appears that natural processes are eclipsing damage by 

trampling after one year (as suggested by changes in the controls over time), visitation at and above 

200 passes has the potential to exacerbate soil loss, especially considering the extent of bare soil. 

More than 200 passes could exceed a threshold causing channels to form. Surface runoff during and 

after higher intensities of trampling could then exacerbate any such incisions resulting in further local 

soil loss.  
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Plate 7.3: Stellaria pungens before trampling occurred to burnt areas in Kosciuszko National Park 
(left) and flattened condition six weeks after 100 passes has been applied (right). 

 

Previous studies in the Australian Alps have indicated that although initial recovery of high elevation 

vegetation is good, it may stall at or below 50% cover (Wahren et al. 2001). Further, even though 

vegetation cover may increase, biomass will be slow to recover (Bear 2004). Minimising disturbance 

is important as at least 60% vegetation cover and litter is required to suitably protect soils from 

erosion (Bryant 1971; Wahren et al. 2001; Bear 2004). Additional disturbance from trampling has the 

potential to impede recovery in these areas. Fortunately, initial increases in soil exposure and loss and 

decreases of ash and burnt materials due to trampling six weeks after fire, do not appear to have 

affected regeneration. One year after the fire however, vegetation cover remained well below the 

minimum 60% cover required to suitably protect soils from erosion. 

 

7.4.2 Managing recovering areas in Kosciuszko National Park  
 

The results presented here, should be treated as a best case scenario for post fire impacts. Trampling 

under wet conditions or on areas with a steeper gradient are likely to cause greater impacts. Previous 

research on alpine and subalpine ecosystems after disturbance by grazing and fire has found that 

once disturbance thresholds have been passed, sites will remain susceptible to damage in the future 

even after some recovery has begun (Johnston et al. 2003). If this occurs it is highly unlikely that the 

disturbed system can return to its natural state without assistance such as active rehabilitation and 

even then, in the majority of cases, it will only re-establish as a modified ecosystem (Johnston et al. 

2003). Minimizing disturbance on burnt areas may therefore be beneficial in assisting long-term 

recovery. 
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There are a number of implications for the management of tourists that could be considered as a 

result of these findings. It would seem likely that restricting visitors from burnt areas, at least at low 

intensities, is not necessary in preventing long-term soil loss or to limiting damage to recovering 

vegetation. Despite this, impacts from recreational use do have short-term impacts on soil conditions 

and these impacts could be greater under different climatic conditions such as increased rainfall. If 

this were to occur, it is possible the increased soil loss might occur along the trampling lanes as 

surface water runoff is channelled into one place. Therefore, encouraging visitors to spread out when 

walking in burnt areas seems appropriate and will reduce the risk of causing long-term damage. 

Impacts to this fragile environment may also be reduced through encouraging driving tours to view 

the regeneration instead of bushwalking. Where visitors desire to undertake a walk, restricting 

walking to management trails and designated walking tracks may also be of benefit in areas severely 

affected by fire. 

 

7.5 CONCLUSION 
 

The results from these trials indicate that increasing intensities of trampling initially caused greater 

losses of burnt material from areas extensively and partially affected by fire, increased the exposure of 

bare soil and caused initial losses of soil from the area treated. After 12 months however, this damage 

was eclipsed by natural processes with vegetation recovery appearing to be unaffected. One year after 

the fires however, vegetation cover had not returned to levels that would provide enough protection 

to the underlying soils. Disturbance from trampling during this time may still result in damage to 

soils and may affect the new vegetation regrowth. This is further examined in Chapter 8. 
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CHAPTER 8 TRAMPLING ONE YEAR AFTER BUSHFIRE 

 
 

8.1 INTRODUCTION 
 

Results reported in the last two chapters, indicate that trampling has a range of negative effects on 

Australian alpine and subalpine environments. In Chapter 6, the threshold before disturbance 

occurred to vegetation varied between communities, but once the threshold had been reached, 

damage remained for at least one year after trampling. In areas that had been extensively disturbed by 

bushfire (Chapter 7), trampling resulted in increased bare soil, increased local soil loss and general 

decreases in the amount of ash and burnt vegetation. The impacts of trampling in bushfire affected 

areas however, tended to be eclipsed by natural events after six weeks with trampling at moderate 

levels not appearing to affect the recovery of vegetation. This chapter therefore examines the damage 

caused by increasing intensities of trampling in subalpine grasslands that have had one year to 

recover following a large scale bushfire. 
 

8.1.1 Vegetation regrowth and recovery one year after 2003 fires 
 

In January 2004, one year after the large scale landscape bushfires in Kosciuszko National Park, 

vegetation recovery in subalpine grasslands was apparent. Results from Chapter 7 identified that for 

areas classified as extensively and partially burnt in early 2003, around 30% - 40% vegetation cover 

had returned with species richness clearly increasing. Similar or even greater recovery was reported in 

other studies of subalpine grasslands one year after fire in Kosciuszko National Park, with species 

richness found to be high while bare ground had reduced from 76% cover to below 25% cover (Bear 

2004; Scherrer et al. 2004). This is still lower than unburnt vegetation, which maintained an average of 

87% overlapping cover (Bear 2004).  
 

Biomass of vegetation in burnt subalpine grasslands, one year after bushfire, also remained lower 

than unburnt vegetation, with five times less biomass found in recovering burnt areas (0.2 kg/m2) 

than in unburnt areas (1.1kg/m2) (Bear 2004). Slow recovery of biomass after fire has also been 

found in other Australian subalpine environments with biomass remaining almost 50% lower in 

burnt areas than in unburnt areas after two and a half years in a Victorian study (Wahren et al. 2001). 

It has been suggested that biomass recovery to pre-fire levels can take more than 12 years (Costin et 

al. 1960; Leigh et al. 1987). 
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As vegetation continues to recover from bushfires, it will be susceptible to a wide range of factors 

that may impede the recovery. Grazing (from livestock and feral and native mammals) has been 

highlighted as being a factor of concern (Costin et al. 1960; Bryant 1973; Leigh et al. 1987; Wahren et 

al. 1999). Climate will influence growth with subalpine areas being subject to frosts and winter snow. 

More recently, impacts from recreational use, and specifically impacts from trampling, have been 

noted as a possible impediment to localised vegetation recovery (Growcock et al. 2004; Scherrer et al. 

2004). 
 

While environmental factors such as climate and individual morphological characteristics affect plant 

durability, plant age has also been identified as influencing the resistance and resilience of a plant to 

trampling activities. Using a simulated trampling experiment, Sun (1990) identified that younger 

plants could be less resistant to disturbance than older plants. Irregular soil surfaces however, 

provided increased protection to new seedlings. As plant growth continued, the ability of the plant to 

recover after trampling increased with older plants having greater resources available (such as a 

greater root are and tiller number in grasses). Compaction of the soil surface may also affect plant 

growth through limiting plant root expansion (Miller et al. 2001) 
 

8.1.2 Aims and objectives 
 

With the subalpine area of Kosciuszko National Park and other areas of the Australian Alps 

extensively burnt during the 2003 bushfires, much of the vegetation cover found one year after the 

fires in subalpine grasslands was new growth from either root stock or seed (Bear 2004, Author obs.). 

While the initial recovery of the vegetation commenced prior to winter snowfalls in 2003, there was 

substantially greater increases in vegetation cover during the following spring and summer months 

(Author obs).  
 

It is probable that the threshold for trampling damage to recovering vegetation (regrowth from 

underground structures and new plants) will be lower than in undisturbed vegetation (Chapter 6) and 

for recently burnt areas (Chapter 7). This study therefore, aimed to quantify the damage caused by 

trampling on subalpine grasslands after one year recovery from the 2003 bushfires using manipulative 

field experiments. The specific objectives of these trials were to: (1) determine how trampling 

affected the recovering surface cover; (2) determine if trampling influenced soil conditions such as 

surface compaction and soil loss or gain; (3) identify trampling thresholds at which significant 

damage could develop; and (4) determine if recreational use is appropriate in mountain ecosystems 

that have had approximately one year recovery from bush fires.  
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Although the basic design of these experiments was the same as before (BACI) with different 

intensities of trampling, there was an additional component. Trampling trials and assessments 

undertaken in other environments have found no significant differences between the effects of 

trampling applied all at once or over a period of time (Bayfield 1979; Cole 1985a; Cole & Bayfield 

1993). In order to determine if this is also true for recovering subalpine grasslands in Kosciuszko 

National Park, an additional trampling treatment was included with the effect of 200 passes all at 

once compared with 200 passes spread over three weeks. Approximately 66 passes per week were 

applied for three weeks to achieve this (referred to as 200(3) passes). 

 

8.2 METHODS 

8.2.1 Site location 
 
The trampled sites were established in subalpine grasslands areas that were nearby to the extensively 

burnt sites trampled in 2003 (Chapter 7, Table 8.1). Sites were located between elevations of 1610 m 

and 1780 m. 
 

Table 8.1: Location of trampling sites for subalpine grasslands community one year after bushfires.  

Site Longitude Latitude Elevation (m) 
1 148° 27' 35.7'' 36° 22' 32.9'' 1620 
2 148° 27' 36.8'' 36° 22' 52.4'' 1610 
3 148° 28' 19.5'' 36° 22' 26'' 1700 
4 148° 25' 28.8'' 36° 24' 10.9'' 1770 
5 148° 22' 50.7'' 36° 25' 58.6'' 1780 

 

 

8.2.2 Experimental (BACI) trampling trials on subalpine grasslands one 
year post fire 

 
The experimental design was again a modification of the procedures developed by Cole & Bayfield 

(1993). A replicated block design was used with six intensities of trampling applied at each of five 

subalpine grassland sites that were extensively burnt in the 2003 bushfires. Site layout was the same 

as described in Chapter 6 for trampling on undisturbed vegetation. The six trampling intensities 

(0, 30, 100, 200, (200/3) and 500 passes) were randomly assigned to each of the lanes. 

 

Trampling was undertaken in January 2004, one year after the 2003 bushfires. Volunteers wore hiking 

boots and carried backpacks and weighed approximately 70kg. All trampling was undertaken under 

similar dry weather conditions to avoid confounding trampling impacts with differing environmental 
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factors such as soil moisture. Vegetation and soil conditions were surveyed at each site prior to 

trampling, immediately after trampling and at two and six weeks after trampling. 

 

8.2.2.1 Surface cover 
 

At each survey time soil surface and cover parameters were measured using four equally spaced 

50 * 30 cm quadrats in each treatment lane. Percentage cover was measured for graminoids, herbs, 

shrubs, dead material (unburnt attached material), bare ground and ash and burnt material. As cover 

in  most of the live vegetation categories were small, they were also grouped together for analysis and 

referred to as vegetation cover. 

 

Surface cover was compared over time, both as absolute and relative values. Relative height and 

cover values were used to remove the effect of factors other than trampling. This was done for all 

treatment lanes at each post trampling measurement time by comparing the change in measurements 

from the initial measurement and multiplying it by a correction factor derived from the controls lanes 

(Cole 1995b). Relative vegetation cover at two weeks for example, is calculated by: 

 

Relative vegetation cover = (vegetation cover at two weeks / initial vegetation cover) * cf * 100 

  

Where the correction factor (cf) was determined by: 

 

cf = control initial height / two weeks control height 

 

Relative cover for the major categories (vegetation cover, dead material and bare ground) was 

determined using the same method. Relative cover would be 100% if no change had occurred as a 

result of trampling. Therefore, the extent to which relative cover after trampling deviates from 100% 

provides a measure of the change due to trampling. Relative cover one year after trampling can be 

compared with that shortly after trampling to provide a measure of the rate of recovery (Cole & 

Bayfield 1993). 

 

8.2.2.2 Species richness and frequency  
 

In each of the four quadrats in each lane, all species (or genera if a taxon could not be identified to 

species) were recorded. From this, species richness (the number of species present) was calculated for 
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each lane. As such, species richness was calculated as: 

 

Species richness = (quadrat 1 species richness + new species in quadrat 2 + new species in quadrat 3 

        + new species in quadrat 4) 

 

The frequency of individual species was also calculated for each treatment. Within each treatment 

lane, species presence/absence was recorded within each quadrat. As there were five sites within each 

community and four quadrats within each lane, maximum frequency for a species for each treatment 

lane was 20. The frequency results for each species was reported as a percentage of total occurrence 

(for example if a species was in 14 out of 20 quadrats it is reported as 70%). Where individuals could 

not be classified to species level, genera were reported. 

 

8.2.2.3 Soil compaction and surface profile 
 

Changes to soil compaction within each treatment lane were measured using a “pocket” 

penetrometer. This instrument measured changes in the top 5 mm of the soil and, due to its non-

destructive sampling approach, could be repeatedly used within each trampling lane. Accordingly, at 

every time period 30 measurements were systematically made within each treatment lane with the 

average of the measurements reported. 

 

Data on the surface profile were collected using the same methods as in Chapter 7 and originally 

proposed by Whinam & Comfort (1996). Three pairs of equally spaced permanent PVC tubes were 

once again set into the soil, either side of each trampling lane, with adjustable vertical posts inserted 

into the tubes. A level cross sectional bar was then fixed to the vertical posts. Data was collected by 

measuring the distance from the horizontal bar to the ground surface at 5 cm intervals across each 

treatment lane. This method allowed for accurate repeat measurements to be made. Changes in the 

surface profile (loss or gain) as a result of trampling or general soil movement were calculated by 

measuring the difference from the initial measurements (pre-treatment).  

 

The absolute changes in surface profile and the changes relative to the controls are both shown in 

the results section for each treatment lane. Changes against controls (mean change adjusted) were 

calculated for each trampling treatment as: 

 

Mean change adjusted = (trampling treatment lane measurement – control lane measurement) 
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This resulted in all control lanes being equal to zero and reflected the actual change in surface profile 

for each trampling treatment lane. 

 

8.2.3 Analysis 
 

Data was again analysed using a BACI design. Surface cover, changes in soil profile and compaction 

results were all graphed (using means ± one standard error) and then analysed using a One-Way 

Repeated Measures ANOVA (in SPSS version 10.0) with trampling treatments  (control, 30, 100, 

200, 200(3) and 500 passes) as the independent variable and time as the repeated measure. Raw data 

for each time period can be found in Table 5 of Appendix 3. To satisfy the assumptions of the 

statistical tests (equality of variance and normal distribution) height and cover data were transformed. 

For absolute height data a natural log transformation was used, while for absolute percentage cover 

data an arcsine square root transformation was used.  

 

To test for differences in parameters among treatments at each time period, a series of randomised 

block One-Way ANOVAs were performed for measurements prior to trampling and measurements 

made immediately after trampling (for the surface profile and soil compaction results only) and at 

two and six weeks after trampling. No results were collected at one year. To test differences between 

treatments at individual time periods, Tukey’s post hoc tests were used. This, for example, allowed for 

comparisons between 30 passes and 500 passes. Where equality of variance assumptions could not be 

met, a Dunnet’s post hoc tests were used instead. 

 

8.3 RESULTS 

8.3.1 Surface cover 
 

In January 2004, one year after the bushfires, substantial vegetation recovery had occurred in 

extensively burnt subalpine grasslands. There was an average of 38% ± 4% live vegetation cover and 

15 ± 2% dead material. There were still considerable bare areas (43% ± 4%) while the ash and burnt 

vegetation that had accounted for 67% of cover six weeks after the fire, now accounted for only 

2.5% ± 0.4% of cover (Figure 8.1). These values are similar to the results found one year after 

trampling in Chapter 7.  
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Figure 8.1: (a) Vegetation cover, (b) dead material, (c) bare ground and (d) burnt material  (mean ± 1 
standard error) on sites one year after bushfires before (■), two weeks (▲) and six weeks (○) after 
trampling treatments of 0 – 500 passes in Kosciuszko National Park. Note: “150 passes” represents 
treatments of 200 passes spread over three applications. 

 

There was a significant interaction between time*treatment for vegetation cover in the Repeated 

Measures ANOVA (Table 8.2). Contrasts between initial and subsequent measurements found 

significant differences between initial and two week measurements but by six weeks the differences 

were only significant at p = 0.053  (Table 8.3) 

 

Table 8.2: Results from One-Way Repeated Measures ANOVA for cover types from trampling on 
recovering vegetation, one year after extensive burning in subalpine grasslands in Kosciuszko 
National Park.  

  Vegetation 
cover 

Graminoids Herbs Dead Material 

Effect df F p F p F p F p 
Time 2 8.110 0.002 35.843 0.000 6.469 0.006 7.421 0.003 
Time * Treatment 10 2.396 0.021 5.144 0.000 1.404 0.208 1.861 0.075 
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Table 8.3: Contrast results between times from One-Way Repeated Measures ANOVA for selected 
cover types from trampling on recovering vegetation, one year after extensive burning in subalpine 
grasslands in Kosciuszko National Park. 

 

At two weeks there was less vegetative cover in lanes that had received 500 passes than in the control 

lanes or lanes receiving 30, 100 and 200(3) passes (Figure 8.1a; Table 8.4; Table 8.5). By six weeks 

200 and 500 passes both resulted in reduced vegetation cover, with relative cover decreasing to 48% 

± 12% and 44 ± 18% of original cover respectively (Figure 8.2; Table 8.4). There was no significant 

difference between the effect of 200 and 500 passes and both had significantly less vegetation cover 

than the controls and 30 passes at six weeks (Table 8.5). Although lanes that had been trampled ~66 

times each week for three weeks (200(3) passes) always had higher vegetative cover values than lanes 

receiving the same number of passes all at once (200 passes) (Figure 8.1; Figure 8.2), the differences 

was not significant at any time (Table 8.5). No differences were found at any time between the 

controls and 30 or 100 passes. 

 
Table 8.4: Results from One-Way ANOVAs comparing treatments for vegetation cover from trampling 
on recovering vegetation, one year after extensive burning in subalpine grasslands in Kosciuszko 
National Park. Each time period was analysed separately. 

  Initial 2 weeks 6 weeks 
 df F p F p F p 

Treatment 5 0.046 0.999 5.206 0.003 5.548 0.002 
Site  4 25.131 0.000 16.730 0.000 4.669 0.008 

 

Though significant interactions between time*treatment were found for both graminoid and herb 

cover (Table 8.2), when each category type was examined separately, no significant differences were 

found between treatments (Table 8.6; Table 8.7). This indicates that there was some difference in the 

pattern of recovery among treatments over time but not enough to result in a significant difference 

among treatments at any single time. As was found in Chapter 7, there were significant differences 

between sites (Table 8.6; Table 8.7) due to the large amount of heterogeneity in the subalpine 

grasslands. 

 

Vegetation cover Graminoids Herbs Dead Material

Source Time df F p F p F p F p
Time Initial vs. 2 weeks 1 16.669 0.000 54.366 0.000 10.969 0.003 13.680 0.001

Initial vs. 6 weeks 1 10.258 0.004 2.213 0.150 13.501 0.001 14.919 0.001
Time * Treatment Initial vs. 2 weeks 5 4.221 0.007 32.927 0.000 2.208 0.087 2.542 0.056

Initial vs. 6 weeks 5 2.570 0.053 3.527 0.016 1.936 0.125 1.866 0.138
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Table 8.5:Tukey’s post hoc results comparing trampling treatments for vegetation cover from One-
Way ANOVAs on recovering vegetation, one year after extensive burning in subalpine grasslands in 
Kosciuszko National Park. Each time period was examined separately. 

Treatment Treatment Initial 2 weeks 6 weeks
0 30 0.999 0.999 0.990 
  100 1.000 0.953 0.880 
  200 1.000 0.100 0.013 
  200(3) 1.000 0.984 0.343 
  500 1.000 0.006 0.008 
 30 100 1.000 0.996 0.996 
  200 1.000 0.196 0.047 
  200(3) 0.999 1.000 0.689 
  500 0.999 0.015 0.030 
 100 200 1.000 0.408 0.121 
  200(3) 1.000 1.000 0.920 
  500 1.000 0.041 0.082 
 200 200(3) 1.000 0.313 0.539 
  500 1.000 0.783 1.000 
 200(3) 500 1.000 0.028 0.419 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.2: Relative cover for (a) vegetation, (b) dead material and (c) bare ground (mean ± 1 standard 
error) on sites one year after bushfire before (■), two weeks (▲) and six weeks (○) after trampling 
treatments of 0 – 500 passes in Kosciuszko National Park. Note: “150 passes” represents treatments of 
200 passes spread over 3 applications. 
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Table 8.6: Results from One-Way ANOVAs comparing treatments for graminoid cover from trampling 
on recovering vegetation, one year after extensive burning in subalpine grasslands in Kosciuszko 
National Park. Each time period was analysed separately. 

  Initial 2 weeks 6 weeks 
 df F p F p F p 

Treatment 5 0.517 0.760 1.503 0.233 2.224 0.092 
Site  4 4.375 0.011 3.694 0.021 4.872 0.007 

 
Table 8.7: Results from One-Way ANOVAs comparing treatments for herb cover from trampling on 
recovering vegetation, one year after extensive burning in subalpine grasslands in Kosciuszko 
National Park. Each time period was analysed separately. 

  Initial 2 weeks 6 weeks 
 df F p F p F p 

Treatment 5 0.122 0.986 1.927 0.135 1.879 0.143 
Site  4 27.008 0.000 14.109 0.000 5.995 0.002 

 

Although vegetation cover declined with trampling, it did not result in a significant increase in dead 

material (Table 8.2; Table 8.8), although contrast results from the One-Way ANOVA between initial 

measurements and two week measurements are close to significant (Table 8.3). There was a trend for 

increasing dead material with greater intensity of trampling with 500 passes having twice as much 

dead material (36% ± 10%) as the controls (17% ± 3%) at six weeks (Figure 8.1b; Figure 8.2b). The 

lack of a significant difference in this study may be due to the large amount of variation in the data. 

Increased replication may have resolved this. 

 
Table 8.8: Results from One-Way ANOVAs comparing treatments for dead material cover from 
trampling on recovering vegetation, one year after extensive burning in subalpine grasslands in 
Kosciuszko National Park. Each time period was analysed separately. 

  Initial 2 weeks 6 weeks 
 df F p F p F p 

Treatment 5 1.776 0.164 2.445 0.070 2.488 0.066 
Site  4 23.993 0.000 5.062 0.006 5.935 0.003 

 
 
Trampling did have a significant effect on the amount of bare soil over time with a significant 

interaction for time*treatment (Table 8.9; Table 8.10) and a trend towards increasing relative bare soil 

with increasing intensities of trampling (Figure 8.2c). However, this did not result in a significant 

difference between treatments when examining each time separately (Table 8.11).  
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Table 8.9: Results from One-Way Repeated Measures ANOVA for selected cover types from trampling 
on recovering vegetation, one year after extensive burning in subalpine grasslands in Kosciuszko 
National Park.  

  Bare Ground  Burnt Material
Effect df F p F p 
Time 2 11.834 0.000 4.998 0.016 
Time * 
Treatment 

10 2.547 0.015 0.872 0.564 

 
Table 8.10: Contrast results between times from One-Way Repeated Measures ANOVA for selected 
cover types from trampling on recovering vegetation, one year after extensive burning in subalpine 
grasslands in Kosciuszko National Park. 

 

Table 8.11: Results from One-Way ANOVAs comparing treatments for bare ground cover from 
trampling on recovering vegetation, one year after extensive burning by fire in subalpine grasslands in 
Kosciuszko National Park. Each time period was analysed separately. 

  Initial 2 weeks 6 weeks 
 df F p F p F p 

Treatment 5 0.508 0.767 0.362 0.869 0.598 0.702 
Site  4 20.039 0.000 19.502 0.000 16.843 0.000 

 

There was little burnt material one year post fire in the subalpine grassland sites, and it reduced even 

further over the six weeks of the experiment (Table 8.9; Figure 8.1d). Trampling did not appear to 

have any significant impact upon the remaining ash and burnt vegetation (Table 8.10). 

 

8.3.2 Species richness and frequency 
 

A total of 39 taxa were recorded over six weeks at the five sites examined during this study (Table 

8.12). At the start of the trampling trials there were 36 taxa identified, with 37 taxa recorded six 

weeks later (Table 8.12). 

Bare Ground Burnt Material

Source Time df F p F F
Time Initial vs. 2 weeks 1 19.675 0.000 6.182 0.020

Initial vs. 6 weeks 1 0.245 0.625 10.038 0.004
Time * Treatment Initial vs. 2 weeks 5 8.688 0.000 1.590 0.201

Initial vs. 6 weeks 5 2.827 0.038 1.407 0.257
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Table 8.12: Frequency of species for each level of trampling intensity within recovering subalpine 
grasslands in Kosciuszko National Park. Each treatment lane contained 20 quadrats (five sites with 
four quadrats for each lane), hence each quadrat where a species was present represented 5% 
frequency. T1 = Initial composition; T2 = 2 week composition; T3 = six week composition. 

 

The average species richness found in each treatment lane of subalpine grasslands one year post fire 

(prior to trampling) was 10.4 ± 0.6 (Figure 8.3), which is only marginally lower than it was before the 

fires (12 ± 0.5; see Chapter 6). Trampling appeared to have minimal impact on species richness with 

no significant difference found either as a result of time or within the time*treatment interaction 

(Table 8.13). 

 Control 30 Passes 100 Passes 200 Passes 200/3 Passes 500 Passes 
 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 

Asperula gunnii 55 55 55 65 65 65 70 70 70 65 65 70 50 50 55 55 50 45 
Poa sp. 60 60 60 55 55 55 55 55 55 40 40 55 45 45 45 55 55 55 
Carex sp. 40 40 50 45 45 50 35 35 40 45 40 40 50 50 50 50 40 40 
Poa fawcettiae 40 40 40 50 50 50 40 40 40 40 40 40 40 40 40 40 40 40 
*Acetosella vulgaris 35 35 35 30 35 35 50 50 60 40 40 35 40 40 45 40 35 35 
Geranium antrorsum 50 50 50 40 40 35 30 30 35 30 20 20 25 25 20 35 30 30 
Empodisma minus 20 20 20 30 30 35 40 40 40 40 40 40 10 10 15 45 35 35 
Craspedia aurantia 25 25 25 30 25 20 30 30 30 35 35 35 30 30 30 25 25 30 
Aciphylla simplicifolia 25 25 25 35 35 35 25 25 25 25 25 25 5 5 5 25 25 25 
Craspedia sp. 25 25 25 20 20 20 15 15 15 30 35 35 30 30 25 15 15 15 
Stellaria pungens 10 10 10 30 30 30 35 35 35 25 15 5 35 35 15 25 10 5 
Poranthera microphylla 15 15 15 30 30 30 15 15 15 20 20 25 15 15 20 25 20 25 
Trisetum sp. 25 25 25 20 20 20 25 25 20 10 10 15 25 25 25 25 20 5 
Leptorhynchos squamatus 25 25 15 30 30 30 20 20 10 20 20 20 15 15 5 20 5 5 
Helichrysum scorpioides 25 25 25 20 20 20 15 15 15 20 20 20    20 15 5 
Pimelea alpina 10 10 15 10 10 10 10 10 10 20 15 20 5 5 15 10 5 5 
Oreomyrrhis eriopoda 5 5 5 25 25 30 10 10 5 5 5 5 10  10 10 10 5 
Ranunculus gunnianus 10 10 15 10 10 10 10 10 10    20 20 20 10 5 10 
Senecio sp. 15 15 10    10 10 10    20 20 20 20 15 10 
Australopyrum velutinum    10 10 10 15 15 20 5 5 5 5 5 10 20 15 20 
Brachyscome tenuiscapa 10 10 10 5 5 5 5 5 5    20 20 20 5 5 5 
Viola betonicifolia 5 5 5    5 5 5 5 5 10 20 20 10 15  10 
Microseris lanceolata 20 20 25    10 10 10    5 5     
Luzula novae-cambriae 15 15 15   5 5 5 5    10 10 5 5   
Plantago sp.       5 5  15 15 15    10 10 5 
Hypochoeris radicata    5 5 5    5 5 5 5 5 5 5 10 10 
Ranunculus sp. 10 10 5 5 5 5       5 5  5  5 
Scleranthus singuliflorus       10 10 10    5 5 5    
Brachyscome sp. 5 5 5          5 5  5 5 5 
Leucopogon montanus   10   5   15   5   5    
Acaena sp.             10 10 5 5   
Brachyscome decipiens 10 10 10                
Celmisia sp.             10 10 10    
Rytidosperma nudiflorum   10       5 5 5       
Cardamine sp. 10 10                 
Prasophyllum sp.    5 5    5          
Euphrasia sp.          5 5        
Kunzea muelleri         5      5    
Eucalypt seedling   5                
 



 

193 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 8.3: Species richness (mean ± 1 standard error) before trampling (■), two weeks after (▲ ) and 
six weeks after (○) increasing intensities after trampling treatments of 0 – 500 passes in Kosciuszko 
National Park. Note “150 passes” represents treatments of 200 passes spread over 3 applications. 

 
Table 8.13: Results from One-Way Repeated Measures ANOVA for species richness from trampling 
on recovering vegetation, one year after extensive burning by fire in subalpine grasslands in 
Kosciuszko National Park.  

Effect df F p 
Time 2 2.358 0.106 
Time * Treatment 10 1.231 0.296 
 
 
The frequency of some species did appear to be affected by trampling especially for 500 passes. At 

200 and 200(3) passes, Stellaria pungens reduced in frequency while at 500 passes, reductions occurred 

in Stellaria pungens, Trisetum sp., Leptorhynchos squamatus, Helichrysum scorpioides, Senecio sp. and Viola 

betonicifolia (Table 8.12). All but one of these taxa (Trisetum sp.) were herbaceous.  

 

8.3.3 Soil compaction and surface profile 
 

Soil compaction was found to substantially increase as a result of trampling (Figure 8.4a). There was a 

significant time*treatment interaction in the One-Way Repeated Measures ANOVA, and in the 

contrasts for this ANOVA (Table 8.14) soil compaction was significantly different from initial 

measurements, immediately after, at two and six weeks after trampling (Table 8.15). 

 

When examining each time period separately, significant differences were found among treatments at 

all post trampling time periods (Table 8.16). Soils were significantly more compact than controls for 

200 and 500 passes immediately after trampling and two weeks after trampling (Table 8.17). After 

two weeks, significant differences were also evident for the 200(3) trampling treatment lanes. After 
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six weeks however, 200 passes were no longer different from the controls, though the 200(3) 

treatments remained close to significantly different (Table 8.17). Treatments of 500 passes were still 

significantly more compact than the controls at six weeks. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8.4: (a) Soil compaction, (b) mean change in surface profile and (c) mean change in surface 
profile adjusted against the control (mean ± 1 standard error) one year after bushfire before (■), after 
( ), two weeks (▲) and six weeks (○) after trampling treatments of 0 – 500 passes in Kosciuszko 
National Park. Note “150 passes” represents treatments of 200 passes spread over 3 applications. 
 

Table 8.14: Results from One-Way Repeated Measures ANOVA for soil compaction and surface 
profile from trampling on recovering vegetation, one year after extensive burning in subalpine 
grasslands in Kosciuszko National Park (*within subject effects used as equality of variance could not 
be met). 

  *Soil 
Compaction 

Surface Profile

Effect df F p F p 
Time 3 59.128 0.000 21.796 0.000
Time * Treatment 15 3.754 0.000 0.573 0.920 
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Table 8.15: Contrast results between times from One-Way Repeated Measures ANOVA for soil 
compaction and surface profile measurements on recovering vegetation, one year after extensive 
burning in subalpine grasslands in Kosciuszko National Park. 

 

Table 8.16: Results from One-Way ANOVAs comparing treatments for soil compaction from 
trampling on recovering vegetation, one year after extensive burning in subalpine grasslands in 
Kosciuszko National Park. Each time period was analysed separately. 

  Initial After 2 weeks 6 weeks 
 df F p F p F p F p 

Treatment 5 1.472 0.243 6.501 0.001 6.041 0.001 8.173 0.000 
Site  4 7.330 0.001 2.304 0.094 2.318 0.092 3.559 0.024 

 
Table 8.17: Tukey’s post hoc results comparing trampling treatments for soil compaction measures 
from One-Way ANOVAs on recovering vegetation, one year after extensive burning in subalpine 
grasslands in Kosciuszko National Park. Each time period was examined separately. 

Treatment Treatment Initial After 2 weeks 6 weeks
0 30 0.714 0.756 0.740 0.828 
  100 1.000 0.249 0.201 0.281 
  200 0.386 0.014 0.015 0.320 
  200(3) 0.395 0.200 0.004 0.055 
  500 0.833 0.001 0.004 0.000 
 30 100 0.815 0.935 0.903 0.915 
  200 0.993 0.205 0.228 0.941 
  200(3) 0.994 0.891 0.079 0.438 
  500 1.000 0.012 0.084 0.001 
 100 200 0.491 0.687 0.780 1.000 
  200(3) 0.500 1.000 0.438 0.943 
  500 0.909 0.084 0.455 0.014 
 200 200(3) 1.000 0.763 0.991 0.919 
  500 0.967 0.718 0.993 0.011 
 200(3) 500 0.970 0.109 1.000 0.088 
 

No significant changes were found in the surface profile measurements following any of the 

intensities of trampling (Figure 8.4b,c). While repeated measures analysis suggested that significant 

differences were found over time (Table 8.14), these were only significant when comparing initial 

measurements and six week measurements (Table 8.15). Over the six weeks of the experiment there 

was a difference of 4.6 ± 1.6mm in the surface measurements (Figure 8.4b). 

 

Soil Compaction Surface Profile

Source Time df F p F p
Time Initial vs. After 1 105.785 0.000 0.007 0.935

Initial vs. 2 weeks 1 95.002 0.000 4.218 0.051
Initial vs. 6 weeks 1 187.480 0.000 36.516 0.000

Time * Treatment Initial vs. After 5 6.904 0.000 0.571 0.721
Initial vs. 2 weeks 5 3.519 0.016 0.172 0.971
Initial vs. 6 weeks 5 6.444 0.001 0.602 0.699
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8.4 DISCUSSION 

8.4.1 Recovery from fires in subalpine grasslands 
 

One year after bushfires burnt through the Australian Alps vegetation was starting to recover with a 

change from only 1.5 ± 0.4% vegetative cover in extensively burnt sites six weeks after the fires to 40 

± 4% in the subalpine grasslands one year later. A further 15 ± 2% dead plant material was also 

present indicating that some vegetation grown in the first year had already died. Protective cover in 

one form or another was therefore present for at least 50% of the surface areas. This is approaching 

the minimum 60% cover suggested as being required to protect vegetation from erosion (Wahren et 

al. 2001). Trampling may however, have caused changes to the surface profile with a loss of around 

four millimetres of soil over the six weeks of the experiment. This may have either been lost or 

reduced from compaction. 

 

A total of 50 taxa were recorded in subalpine grassland areas recovering from fires within this 

experiment and from trampling six weeks after bushfire (Chapter 7) (Table 8.18). The number of 

species increased over time: only 17 taxa were identified six weeks after the fire while between 31 

(Chapter 7) and 39 taxa (this chapter) were evident one year later (Table 8.18). Prior to the fire, 48 

taxa had been reported (Chapter 6). Many taxa rapidly recovered after the fire with a few substantially 

increasing in abundance. Some of the early colonising species were Poa spp., Aciphylla simplicifolia, 

Asperula gunnii, *Acetosella vulgaris, Stellaria pungens, Craspedia aurantia and Poranthera microphylla. After 

one year, species such as Geranium antrorsum, Empodisma minus and Carex spp. were particularly 

abundant (Table 8.18) with Geranium antrorsum providing significant cover over wide areas of fire 

affected area (Author obs.). The naturalized weed species *Acetosella vulgaris was also particularly 

frequent following the fires and was found in more than a third of quadrats surveyed one year after 

fire despite having limited presence under undisturbed conditions (Chapter 6). Comparisons between 

results from Chapter 7 and Chapter 8 in regards to the frequency of species one year after fire 

illustrates the variability in the subalpine grasslands community. 

 

Recovery however, was not apparent for all of the species identified before the fire. Ranunculus 

graniticola, Scleranthus biflorus and Cardamine sp. for example, were not found at any sites up to one year 

after the fires. Other species that were infrequently found before the fire were also not found at any 

site up to a year after the fire (Table 8.18). 
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Table 8.18: Average frequency (as a %) for which each species was found within subalpine grasslands 
communities in Kosciuszko National Park under undisturbed conditions (T1)(Chapter 6), six weeks 
after extensive fire damage (T2)(Chapter 7) and one year after extensive fire damage (T3 (Chapter 7) 
and T4 (Chapter 8)). 

 T1 T2 T3 T4 
Asperula gunnii 98 15 45 60 
Aciphylla simplicifolia 59 20 36 23 
Empodisma minus 54  34 31 
Poa hiemata 53    
Carex sp. 41 2 48 44 
Poa fawcettiae 41  18 42 
Craspedia aurantia 34 10 10 29 
Microseris lanceolata 28 1 11 6 
Ranunculus graniticola 28    
Melicytus sp. 27  8  
Poranthera microphylla 27    
Viola betonicifolia 23 5 9 8 
Scleranthus biflorus 23    
Stellaria pungens 21 11 33 27 
Leptorhynchos squamatus 21  3 22 
Poa costiniana 21  8  
Cardamine sp. 20   2 
Luzula sp. 20 1 11  
Helichrysum scorpioides 19   17 
Poa sieberiana 19    
Craspedia sp. 15 3 3 23 
Pimelea alpina 13   11 
Australopyrum velutinum 11    
Leptorhynchos elongatus 8    
Oreomyrrhis eriopoda 8  1 11 
Oreomyrrhis ciliata 7    
Brachyscome tenuiscapa 6   8 
Kunzea muelleri 3  1  
Brachyscome sp. 3 3 1 3 
Hypochoeris radicata 3   3 
Danthonia  3    
Grey-green blade grass 3    
Trisetum spicatum 2   22 
Luzula novae-cambriae 2   6 
Rytidosperma nudiflorum 2   1 
Brachyscome spathulata 2    
Dywinia cerrisia 2    
Grevillia australis 2    
Podolepis robusta 2    
Shiny fury unknown grass 2    
Geranium antrorsum 1 1 29 35 
Senecio sp. 1  4 11 
Celmisia sp. 1   2 

 T1 T2 T3 T4 

Euphrasia collina  1    
Festuca rubra 1    
Lichen 1    
Moss 1    
Stylidium graminifolium 1    
Poa sp.  36 70 52 
*Acetosella vulgaris  14 41 39 
Poranthera microphylla  9 46 20 
Ranunculus gunnianus    10 
Australopyrum velutinum    9 
Plantago sp.    5 
Ranunculus sp.  3 8 4 
Hypochoeris radicata    3 
Acaena sp.    3 
Scleranthus singuliflorus    3 
Brachyscome decipiens    2 
Euphrasia sp.    1 
Prasophyllum sp.    1 
Rhodanthe anthemoides   13  
Thick bladed grass  3 8  
Lycopodium sp.   6  
*Hypochoeris radicata  3 5  
*Cerastium vulgare   3  
Epilobium sp.   3  
Agrostis sp.   1  
Pennywort sp.   1  
     

 

 

 

 

 

 

 

Associated with the overall increase in diversity as vegetation recovered from fires, species richness 

per lane increased from 3.2 ± 0.7 species per lane in the extensively burnt sites six weeks after the fire 
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to 9 ± 0.5 species per lane (Chapter 7) and 10.4 ± 0.6 species per lane (this chapter) one year later. 

These values are approaching the pre fire diversity of 12 ± 0.4 species per lane for subalpine 

grasslands (Chapter 6). 

 

8.4.2 Impact of trampling on recovering subalpine grasslands and soils 
 

Trampling at moderate to high intensities (200 to 500 passes in these communities) had a significant 

impact upon the recovering vegetation cover. Differences from the control were evident for 

vegetation cover after only 200 passes with reductions in cover clearly apparent after two weeks and 

greater still after six weeks (Figure 8.1). At six weeks, cover for 200 passes had reduced to 15% ± 4%, 

while for 500 passes cover had reduced to 14% ± 3%. This represented relative decreases of 48% ± 

12% and 44% ± 17% respectively. Dead material correspondingly increased during these times (at six 

weeks 200 passes had 33% ± 11% dead material cover while 500 passes had 36% ± 10% dead 

material cover), although this wasn’t statistically significant. While this cover of dead material would 

still provide some protection from soil erosion, it is likely to be less than that from live vegetation. 

 

Some species, particularly the herbs Stellaria, Leptorhynchos, Helichrysum, Senecio and Viola decreased in 

frequency with higher intensity trampling. Reductions in the frequency, and therefore reductions in 

the cover of species, is of concern in this recovering environment (Chapters 7 and 8). In contrast to 

these species, graminoids such as Poa do not appear to decrease in frequency and also appear to 

affect cover with much of the litter appearing to be Poa sp. (Author obs). 

 

Unlike trampling trials undertaken within six weeks of the bushfires (Chapter 7), trampling did not 

appear to significantly contribute to soil loss during these trials, though minor losses may have been 

occurring in general. Even at intensities of 500 passes, significant differences from the control lanes 

were not evident. This is likely a result of the increased surface cover provided by live vegetation and 

dead material. Also, the remaining exposed soil surface appeared to have become more cohesive 

since the bushfires, and was therefore less prone to being broken apart by the mechanical actions of 

trampling and blown away such as previously occurred (Author obs.). 

 

Trampling however, caused compaction of the soil surface, which may have been the cause of the 

differences found in the surface profile. Compaction levels more than doubled from initial 

measurements after only 100 passes, tripled after 200 passes and quadrupled after 500 passes (Figure 

8.4a). This follows the curvilinear relationship between use and impact as discussed in Chapter 2. 
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However, even after these substantial increases, vertical penetration was generally no more than 2 -

 2.5 kg/cm2, which remains below compaction levels that have been suggested as limiting plant root 

expansion (Miller et al. 2001). It does however, suggest that individual plants may find establishing, 

re-establishing or recovering to be more difficult in areas where surface compaction has been 

increased by trampling. This may in part be due to the partial loss of an irregular soil surface which 

Sun (1990) suggests provides protection during growth. Continued monitoring of these sites may 

detect any such impact, although it is not expected that these changes will affect the long-term 

recovery of species in these sites. In some trampled sites in Chapter 7 for example, a trend towards 

increasing compaction appeared to occur with increasing use while species frequency did not appear 

to be substantially affected over the following year. It is more likely in this study, that reductions in 

species will be more closely related to the mechanical damage that occurred on existing vegetation by 

the trampling itself. 

 

8.4.3 Comparing effect of trampling at one time compared to over time 
 

There has been some interest in the literature as to whether trampling at one time has different 

effects and impacts as the same number of passes spread out over time (Bayfield 1979; Cole 1985a). 

Generally, no clear differences have been reported, although there have been some suggestions that 

trampling over time caused greater impacts when undertaken at low intensities (Hylgaard and Liddle 

1981).  

 

In this study, trampling applied all at once generally had a similar effect to trampling as the same 

cumulative number of passes over a three-week period. Minor differences however, were evident. 

For 200 passes spread over 3 weeks (~66 passes each week), there tended to be less damage to 

vegetation than the same number of passes at one time, with 26% ± 4% vegetation cover after six 

weeks for 200(3) passes compared to 16% ± 4% for 200 passes all applied at once. This is a positive 

result suggesting that trampling results from single application treatments may actually reflect a worst 

case scenario. Another minor difference was in the level of soil compaction caused by trampling. 

While there were no significant difference between the two frequencies of trampling themselves, 

200(3) passes remained significantly different from the controls after six weeks while 200 passes 

applied all at once was not significantly different from the controls. This may simply be because the 

last set of trampling for the 200(3) treatment occurred three weeks before measuring, while it was six 

weeks before for the other treatment.  
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8.5 CONCLUSION  
 
In Chapter 7, trampling was found to have minimal impacts on the long term recovery of vegetation 

because natural process eclipsed the damage caused by trampling. Trampling in the spring and 

summer months following the bushfire however, appears to be of greater concern as vegetation 

continues to be re-establishing and will have been expended substantial resources in its regrowth. 

Trampling and subsequent damage during this time will also coincide with the short growing season 

for these plants causing further impediment to long term recovery. This will not only have direct 

impacts to the recovering vegetation itself, but may also impede seed production and/or alter local 

environmental conditions benefiting different species in their recovery. Over the following years, if 

trampling continues, informal tracks may quickly develop as there is limited opportunity for adequate 

vegetation recovery. 
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CHAPTER 9 DISCUSSION 

 
 

9.1 INTRODUCTION 
 

Visitor use of protected areas is increasing around the world (Cordell & Super 2000; Newsome et al. 

2002; Worboys et al. 2005) and is of particular concern in areas which are sensitive to disturbance and 

slow to recover such as mountain environments (Liddle 1997; Whinam and Chilcott 1999; Cole 

2004). This study examined the relationship between use and disturbance in high elevation 

environments in the largest protected area in the Australian Alps. Four key vegetation parameters 

(vegetation height, vegetation cover, species diversity and species frequency) were examined in three 

vegetation communities with soil compaction and movement also considered in several of the 

studies. An analysis of data from an existing survey of visitors in the alpine area of Kosciuszko 

National Park determined the intensities, types and patterns of visitor use over the 1999/2000 non-

winter period with the impacts of two popular summer backcountry activities subsequently 

examined: camping and trampling. The impacts of short-term camping at low intensities (four 

people) were assessed for tall alpine herbfields and subalpine grasslands. Impacts of trampling on 

vegetation at a range of intensities were assessed for tall alpine herbfields, subalpine grasslands and 

valley bogs. Extensive landscape scale fires within Kosciuszko National Park during early 2003 also 

provided an opportunity to examine the impacts of trampling on subalpine grassland communities 

recovering from a landscape level natural disturbance (ie. fire).  

 

This chapter draws together the results of the preceding Chapters and discusses these with regard to 

both the research questions posed in the Introduction Chapter and the literature reviews undertaken 

in Chapter 2 and other relevant sections. The relationship between use and disturbance, with 

consideration to primary and secondary use thresholds, is explored for selected vegetation and soil 

parameters. Suitable parameters for measuring and monitoring the impacts of recreation are also 

discussed. The specific questions posed in section 1.6 with regard to the Kosciuszko area are 

addressed through examining: (1) changing visitor numbers, group sizes and patterns of visitation 

within the Kosciuszko alpine area and what this means in a wider context; (2) the relationships and 

disturbance thresholds (both primary and secondary) for camping and trampling (both principal and 

repeat) in high elevation communities of Kosciuszko National Park; and (3) the relationship between 

use and damage from trampling following large-scale bushfire disturbances. The model proposed by 
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Tongway and Ludwig in Chapter 2 is revisited with consideration as to how this can assist in 

appropriate management. Suggestions for minimising camping and bushwalking impacts in the area 

are made along with recommendations for further research. 

 

9.2 VISITOR USE OF PROTECTED AREAS 
 

More than 12% of the earth’s land surface in now reserved for protection with more and more areas 

designated for conservation purposes each year (Eagles et al. 2002; Chape et al. 2005). Although it is 

difficult to accurately estimate visitation levels for protected areas around the world, tourism and 

recreational use has increased in natural areas over the last 30 years: tourism to natural areas has risen 

from approximately 2% of all tourism in the late 1980s to an estimated 20% of all tourism after 2000 

(Newsome et al. 2002).  

  

Visitation of protected areas in Australia has also followed this trend with significant growth over the 

last 10 years. More than 84 million visits to Australian protected areas occurred in 2002 (Worboys et 

al. 2005). In New South Wales, visitation to protected areas was estimated as approximately 18 

million in 1995 but has grown to an estimated 21 million in 2005 (Worboys 1997; DEC (NSW) 

2005).  

 

Increasing visitor use also appears to be occurring within the main alpine area of Kosciuszko 

National Park. Over the last 25 years visitor numbers have increased substantially with an estimated 

102 500 visits to the Kosciusko alpine area during the non-winter period of 1999/2000 (Chapter 4). 

With limited available data outside resorts for visitor numbers and activities in the Australian Alps, 

regular surveys such as those analysed in this study (Chapter 4) allow patterns in visitation to be 

examined. Visitation to the Kosciuszko alpine area during the snow free period for example, is 

currently greatest during Christmas/New Years with walking the most popular activity. Groups 

tended to be smaller than they were during the early 1980s. Around 50% of visitors depart on 

activities of a half day or more. Monitoring using similar methodology in the future could identify if 

visitor use continues to increase. 

 

Some tourist behaviours and activities in mountain areas may be harmful to the environment 

(McCool 2003). Mountain environments can be sensitive to disturbance, climate is often variable and 

extreme, slopes can be steep and the period for growth and reproduction during the snow free period 

can be short (Willard & Marr 1971; Liddle 1997; Körner 1999). Combined, these factors result in 
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high elevation environments having a low resilience to disturbance. Recreational use of these areas 

can have rapid and long lasting effects if not undertaken with consideration to minimal impact 

practices.  

 

The impacts from tourism and recreational use within the high elevation areas of Australia are likely 

to be similar to those found in many mountain protected areas around the world, though some will 

be specific to the Australian alpine and subalpine environment. Based on a recent review of reports 

and a survey of staff from management agencies responsible for the Australian Alps, key concerns 

include: 

• The impacts of ski resorts on adjacent natural areas.  

• Impacts on water quality from visitor use.  

• Increased numbers of feral animals.  

• Habitat reduction and fragmentation. 

• The impacts of bushwalking and camping on vegetation communities (Pickering et al. 2003). 

 

Information on visitor numbers in conjunction with an understanding of the relationship between 

intensity of use and damage to a specific environment can be used by managers to determine when 

visitor use should be restricted or sites hardened  (Cole 2004). The results in this thesis for example, 

indicate that almost 2000 visitors per year are camping in the Kosciuszko alpine area with more than 

47 000 visitors undertaking walks of a half a day or more. Many of these walkers may leave the 

hardened tracks during their visit (Chapter 4). These numbers have the potential to cause significant 

damage to the environment if left unchecked, with management agencies already identifying impacts 

from these activities as being of concern (Pickering et al. 2003). The results from Chapter 4 identify 

that high visitor numbers occur over very short peak periods and results from Chapter 6 suggest that 

moderate use can cause damage in a very short period of time. These impacts are even more likely if 

visitor numbers continue to increase, particularly during peak periods.  

 

9.3 RELATIONSHIPS AND THRESHOLDS 
 

This thesis examined the relationship between specific recreational use and disturbance in high 

elevation vegetation communities. The research demonstrated that there were clear relationships 

between use and damage in the vegetation communities assessed (Chapters 5, 6, 7 and 8). It also 

demonstrated that:  

(1)  There were primary thresholds of use before significant damage occurred in some 
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communities (Table 9.1; Table 9.2) and as such that there were levels of use that did not 

result in significant changes in vegetation parameters from controls.  

(2) For several parameters measured following trampling, a secondary threshold was reached 

after which increased use resulted in limited additional damage in that parameter (Table 9.2).  

(3)  Evidence of damage varied depending on which vegetation parameter was used (Table 9.1; 

Table 9.2) with vegetation height often affected at lower levels of recreational use, with 

changes more immediately apparent than for cover and other measures.  

(4)  The form of the relationships varied between communities and vegetation parameters 

depending upon the level of use. For example, the relationship between use and damage was 

positive and approximately linear for vegetation height in the tall alpine herbfields but was 

logistic or curvilinear for vegetation cover.  

Table 9.1: Summary of relationships between intensity of use and damage to vegetation from camping 
for one and three nights in tall alpine herbfields and subalpine grasslands in Kosciuszko National 
Park based on results from Chapter 5. (Immediate damage = immediately after camping; short term 
damage = significant change in vegetation parameter from control at two weeks; long term damage = 
significant change in vegetation parameter from control at one year. Cover = increase in cover of dead 
material from control values). 

    Primary threshold  
Community Duration Parameter Zone Immediate 

damage 
Short 
term 

damage 

Long 
term 

damage 

3 nights Height Tent Yes Yes No Tall alpine 
herbfields   Activity Yes Yes No 
  Cover Tent No Yes No 
   Activity No Yes No 
 1 night Height Tent Yes No No 
   Activity No No No 
  Cover Tent No No No 
   Activity No No No 

3 nights Height Tent Yes Yes No Subalpine 
grasslands   Activity Yes Yes No 
  Cover Tent No Yes No 
   Activity No Yes No 

 
 
As well as variations among parameters, the relationships and thresholds also varied between the two 

activities undertaken within the communities studied within Kosciuszko National Park: minimal 

damage occurred for the camping trials while both primary and secondary thresholds were exceeded 

for some parameters during trampling trials. Examining these thresholds provides information on 

determining the acceptability of these impacts within protected areas. 
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Table 9.2: Summary of relationships between intensity of use and damage to vegetation from 
trampling in tall alpine herbfields, subalpine grasslands and valley bogs at different intensities of use 
and under different conditions in Kosciuszko National Park based on results from Chapters 6, 7 and 8. 
(Long term damage = significant change in vegetation parameter from control at one year. Cover = 
increase in cover of dead material from control values). Threshold values are the number of passes. 

Activity Community or 
condition 

Parameter Threshold 

   Primary Secondary 

Long 
term 

damage

Height ~400 ~500 500 
Cover ~150 ~500 200 

Undisturbed 
tall alpine 
herbfields Species diversity >700 n/a No 

Principal 
trampling  

 Species frequency ~200 ~500 No 

 Height ~150 ~200 500 
 Cover ~150 ~500 200 
 

Undisturbed 
subalpine 
grasslands Species diversity >700 n/a No 

  Species frequency ~200 ~500 No 

 Height n/a n/a n/a 
 

Undisturbed 
valley bogs Cover 30 >100 30 

  Species diversity >100 >100 >100 

Height ~200 <500 200 Tall alpine 
herbfields Cover ~120 ~400 ~150 
 Species diversity >700 n/a No 

Repeat 

trampling  

 Species frequency >700 n/a No 

 Height ~200 ~500 200 
 

Subalpine 
grasslands Cover ~200 ~500 ~150 

  Species diversity >700 n/a No 
  Species frequency >700 n/a No 

Cover ~30 ~100 No Extensively 
burnt  Species richness >200 n/a No 
 Compaction >200 n/a n/a 
 Soil loss <30 ~100 No 

Cover ~30 ~100 No 

Trampling in 
subalpine 
grasslands after 
bushfire  
(6 weeks) Partially burnt 

Species richness >200 n/a No 
  Compaction >200 n/a n/a 
  Soil loss <30 100 No 

Cover ~100 200 n/a 
Species richness >500 n/a n/a 

Recovering 
subalpine 
grasslands Compaction 150 200 n/a 

Trampling one 
year after 
bushfire 

 Soil loss >500 n/a n/a 
 

9.3.1 Primary and secondary thresholds  
 

This research has demonstrated the value of identifying thresholds which help determine critical 

levels of use. A primary threshold can indicate the upper limit of use for dispersed recreational use 
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while a secondary threshold can indicate when concentrated use should occur (for trampling or 

camping). With increasing visitor numbers to the area (as found in Chapter 4), understanding these 

thresholds will be important as primary thresholds will be reached more frequently causing localised 

change to the environment. 

 

For backcountry camping, the relationship between intensity of use and damage was examined in tall 

alpine herbfields and subalpine grasslands for two different areas of use (tent and activity areas). The 

changes in vegetation height and cover varied between use areas and intensity of use for both 

communities (Table 9.1). Within the tent area, the primary threshold for vegetation height was 

exceeded after as little as one night of camping in tall alpine herbfields. For vegetation cover, three 

nights camping was required before a primary threshold was exceeded within the tent area in both tall 

alpine herbfield and subalpine grassland communities. Within the activity area, three nights of 

camping were required to exceed the primary threshold for both vegetation height and cover. The 

damage caused by low intensity camping however, was short term with no differences among the 

tent, activity and control areas a year later. Further, at no time was a secondary threshold reached in 

either the tent or activity areas at these intensities of use. Campfire scars however, proved the 

exception in the subalpine grasslands as there was damage still evident after one year. If the number 

of camping groups continue to increase therefore, it is likely that the number of campfire scars found 

will also increase. Continued promotion against creating campfires should help to minimise such 

damage.  

 

The relationship between intensity of use and damage from trampling was also examined in tall 

alpine herbfields, subalpine grasslands and valley bogs (Table 9.2). The relationship was investigated 

for a variety of use intensities in a range of conditions including: (1) trampling once in undisturbed 

alpine and subalpine communities; (2) repeat trampling a year later on the same sites; (3) trampling 

soon after bushfire (six weeks post fire, comparing impacts on partially and extensively burnt sites); 

and (4) trampling on recovering vegetation one year after fire in sites that were extensively burnt. 

 

Unlike low intensity camping, both primary and secondary thresholds can be identified for most 

vegetation parameters after trampling in undisturbed tall alpine herbfields and subalpine grasslands 

(Table 9.2). There were however, variations between the two communities and among vegetation 

parameters. The relationship between use and reductions in height in tall alpine herbfields 

immediately after trampling was positive but approximately linear with significant differences from 

the control not evident until approximately 400 passes (Figure 6.4). Within the subalpine grassland 

community the relationship was curvilinear with the primary threshold exceeded at a lower level of 
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use, around 150 passes, with a secondary threshold reached soon after 200 passes (Figure 6.4). For 

vegetation cover, the thresholds appeared to be the same for both the tall alpine herbfields and 

subalpine grasslands: the primary threshold was exceeded at approximately 150 passes while the 

secondary threshold had been reached by 500 passes. These estimates are based on changes to both 

absolute and relative dead material cover and comparisons between trampling lanes and the controls 

(Tukey’s tests). For both communities there were no significant decreases in the diversity of species. 

There were however, decreases in species frequency with a primary threshold reached by 200 passes 

and a secondary threshold achieved after 500 passes. 

 

Damage from trampling in valley bog communities occurred after as few as 30 passes indicating that 

the primary threshold was low and that bushwalking through these areas is inappropriate. 

Comparisons with previous reports suggest that damage will continue to rapidly increase with further 

trampling until the community is lost and replaced altogether (Edwards 1977; Whinam & Chilcott 

1999). This level of damage did not occur within this study however, due to the limited treatment 

intensities.  

 

Repeat trampling in tall alpine herbfields and subalpine grasslands again caused reductions in 

vegetation height and changes to the primary and secondary vegetation thresholds. In both 

communities, the primary threshold for height was reached after approximately 200 passes with the 

secondary threshold achieved below 500 passes. Repeat trampling caused reductions in the primary 

and secondary thresholds for vegetation cover. In the tall alpine herbfields the primary threshold was 

exceeded soon after 100 passes with the secondary threshold reached at approximately 400 passes. 

Significant damage was evident after approximately 150 passes while bare ground was becoming 

exposed at higher intensities of trampling. In the subalpine grasslands, the thresholds are slightly 

higher: the primary threshold was exceeded at approximately 200 passes while the secondary 

threshold was reached at approximately 500 passes. There appears to be greater recovery after repeat 

trampling in the subalpine grasslands when compared to the tall alpine herbfields, although this may 

have been the result of area specific influences such as nutrient runoff from surrounding burnt areas 

(as repeat trampling occurred after the bushfires at sites that were not burnt). For species diversity, 

no significant losses were recorded in either community indicating that the primary threshold 

exceeded 700 passes. Interestingly, no further decreases in species frequency were apparent indicating 

that while principal trampling had caused reductions, repeat trampling did not substantially 

exacerbate the existing damage. This may be a result of the remaining vegetation having a higher 

resistance to disturbance. 
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Threshold levels in subalpine grassland areas following bushfires were very different than had 

previously existed. Where areas had been burnt, as little as 30 passes were required to cause exposure 

and loss of underlying bare soils with secondary thresholds being reached after only 100 passes. 

These thresholds occurred in both extensively burnt and partially burnt sites where vegetation was 

either absent or severely affected by fire. The damage from trampling at these sites however, was 

rapidly eclipsed by natural processes with no significant differences remaining among lanes one year 

post trampling. With almost no live vegetation cover in extensively burnt areas, no impact was 

evident to species richness. There was also no affect to species richness from trampling in partially 

burnt areas.  

 

When examining the impacts of trampling in extensively burnt subalpine grasslands one year after the 

bushfires, the thresholds for cover remained reduced, despite substantial recovery having occurred. 

Around 100 passes were now required to exceed the primary threshold for vegetation cover with a 

secondary threshold reached by 200 passes. Twelve months of recovery had also allowed soils to 

become more cohesive with more than 500 passes required before significant changes to the soil 

profile occurred. Despite this, only an estimated 150 passes were required to reach the primary 

threshold for soil compaction with a secondary threshold achieved by 500 passes. This may influence 

long term vegetation recovery at a local level. 

 

9.3.2 Multiple thresholds and suitable indicators 
  

   

This presence of a primary threshold as discussed in the previous section, does not mean that a 

greater number of thresholds can not exist depending upon the level of detail required. As discussed 

in Chapter 6, Johnston et al. (2003) identified five different states that are separated by different 

transition (threshold) levels. In their study, specific reductions in vegetation loss and changes to soil 

conditions were reported for each state with differences between the first two states occurring after 

only a 5% decrease in vegetation cover. However, while multiple thresholds are identified within their 

model, it is suggested that this level of change is more specific than is required for managing 

recreational impacts. 

 

When examining the different thresholds for each of the parameters in this study, it is apparent that 

some parameters (as outlined in Figure 2.4) may be more suitable indicators for examining impacts 

than others. Vegetation height was the most suitable method for reporting immediate damage caused 

by both camping and trampling activities in this study. Where a community has very low resistance 
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and resilience to disturbance, vegetation height may be the most suitable measure for determining the 

amount of disturbance before other damage occurs and as such may be a valuable indicator in 

managing visitor use. Substantial damage to vegetation cover often required weeks before reductions 

were evident but were longer lasting, particularly in the tall alpine herbfield community. As such, 

vegetation cover may be more suitable for determining long term damages and may be the most 

suitable parameter to identify intensities of past use. Identifying disturbance from changes in species 

diversity, did not prove practical within these vegetation communities due to the high heterogeneity 

between the sites examined. Surveying of species frequency however, proved far more suitable with 

dramatic changes observed which allow the resistance and resilience of plants to be considered. Soil 

loss, while clearly demonstrating the rapid impacts during unstable conditions (such as following the 

bushfires), would be more suitable for measuring changes over larger time periods and at greater 

intensities of use within undisturbed environments. 

 

9.3.3 Environmental function and condition 
 

Increasing visitor numbers have been discussed as potentially having greater impacts upon the 

environment. In the context of the model on environmental function and condition outlined in 

Chapter 2, increased recreational use such as trampling or camping may increasingly shift the state of 

the local environment along a continuum from being conserved to degraded (Step1, Figure 9.1). 

While these impacts will only be localised, increasing use may well result in severe damage.  

 

Within a national park such as Kosciuszko, the acceptability of the damage caused will vary. It may 

either be acceptable or not depending upon the condition of the environment and the nature of the 

protected area (Step 2; Figure 9.1). For example, damage caused by around 150 passes of trampling 

have been identified as exceeding the primary threshold for cover in tall alpine herbfields and 

subalpine grasslands. At this stage, the local environment is shifting from being conserved to being 

degraded. In a high use area where visitation is concentrated such as the summit area around Mt 

Kosciuszko, such a condition may be considered acceptable so long as the environmental condition 

remains stable (Arkle 2000). In this case, a compromise is made to provide for recreational use in a 

popular destination. Similar use levels however, many not be considered appropriate in other parts of 

the alpine area or in areas designated for wilderness. Correspondingly similar use levels in a nature 

reserve may be less acceptable as environmental integrity and conservation are the main management 

objectives. 
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Figure 9.1: Representation of how an environment in an intermediate state of function along a 
continuum of conserving to degrading (Step 1) can be assessed to be in varying states of acceptability 
based on value judgements and the landuse intent (Step 2) and how this will reflect the management 
action (Step 3)(Based on Tongway & Ludwig 1997). 

 

A logical progression on the Togway and Ludwig model outlined in Chapter 2 is that once the 

acceptability of the environmental condition has been determined, decisions can be made on the 
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appropriate level of management intervention (Step 3; Figure 9.1). This intervention can once again 

be considered along a continuum from minimal to substantial. In areas where visitor use is likely to 

remain high and exceed the primary and/or secondary threshold, consideration might be given 

towards either closing the area to allow recovery or containing the use by hardening the site. Though 

hardening a site will cause further modification to the natural environment, damage will be limited to 

that area. Where use levels remain below the primary threshold, such as in short term alpine camping 

in this study, dispersed use may be the most suitable management approach.  

 

9.4 MANAGING CAMPING AND BUSHWALKING IN THE 
AUSTRALIAN ALPS 

9.4.1 Camping in the Australian Alps 
 

Camping, which is usually associated with some form of trampling, is a popular activity within 

protected areas and has as such, been the focus of numerous studies to assist in improving 

management for visitor use while protecting the environment. The research from this study indicates 

that the dispersed camping policy currently applied to most areas of the Australian Alps is likely to be 

effective in vegetation communities such as tall alpine herbfields and subalpine grasslands. In an 

environment where minimising the impacts of recreation in important due to the long periods 

required for vegetation recovery, such results are encouraging. However, continued efforts to 

promote appropriate environmental behaviour, including the use of fuel stoves and no camp fires, 

must occur. While the impacts of tents and general activities within the camping area over three days 

or less may not be causing substantial damage, fire scars will continue as the enduring evidence of 

use.  

 

Further research into the impacts of camping within the Australian Alps should consider: (1) the 

impact of larger groups; (2) the impact of camping at higher frequencies and/or repeated use; and (3) 

other impacts (such as human waste disposal) to the surrounding environment from camping.  

 

9.4.2 Backcountry bushwalking in the Australian Alps 
 

Bushwalking is one of the most popular activities to be undertaken within the Kosciuszko alpine area 

(see Chapter 4) and the wider area of the Australian Alps (Mules 2004). Although sites accessible by 

roads or hardened tracks are very popular with visitors to the Australian Alps during the non-winter 
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period, many visitors depart hardened tracks in order to reach destinations such as mountain peaks 

and glacial lakes. Visitors may set out on a short walk, a day walk or an overnight camping trip 

(Chapter 4). An obvious impact of this trampling is the creation of pads and trails as vegetation 

degrades and soil becomes compacted and/or erodes (Virtanen 1993). The levels of use before 

disturbance occurs as a result of trampling vary among vegetation communities (Chapter 6; Table 

9.2).  

 

The results of this study suggest that the frequently quoted phrase “alpine environments are quick to 

disturbance and slow to recover” applies even to vegetation communities considered to be the most 

resistant in the alpine and subalpine zones. It also highlights the need to continue managing off-track 

bushwalking and encourage environmentally friendly behaviour by bushwalkers. If visitors are leaving 

hardened tracks, then spreading out and avoiding areas with signs of previous use remains a valid and 

important guideline. Bushwalkers also need to avoid communities that are sensitive to damage such 

as bogs. 

 
Further research should examine: (1) the impacts to major vegetation communities during different 

seasons (ie. spring); (2) the long term recovery of vegetation communities which have had the 

primary and secondary threshold exceeded; and (3) if these thresholds vary depending on the 

frequency of trampling. Smaller repeat trampling treatments applied throughout the summer in 

undisturbed communities for example may differ in disturbance level than one-off applications. 

 

9.4.3 Bushfires and subsequent visitation 
 

While there have been several studies on the impacts of trampling in mountain ecosystems around 

the world (see Chapter 6), there are few studies that have examined tourism/recreation impacts on 

environments after large-scale disturbances such as bushfires. Impacts from trampling in the months 

following the landscape level fires in the Australian Alps resulted in soil exposure and loss even from 

low intensity trampling (Chapter 7). Six weeks after trampling had occurred, however, natural 

processes exposing and eroding soils appeared to be eclipsing any impacts of trampling. Regrowth of 

vegetation over the following year did not appear to be affected, suggesting that trampling did not 

have an impact on the recovery of the vegetation community at the level of use applied. While the 

damage caused to these areas in the short term may be acceptable due to the over-riding damage 

caused by natural processes, other considerations such as safety concerns (from falling fire damaged 

trees) may need to be considered in some situations. 
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Despite recovery in the year following bushfires, the thresholds from disturbance remained reduced 

within the subalpine grasslands. Trampling at this time resulted in the primary threshold being 

exceeded for surface cover after low trampling levels. This may have the potential to cause long term 

damage to the environment, as seedlings represent much of the vegetation cover and may be more 

susceptible to damage. Trails and pads are as such, likely to rapidly develop during this time. 

Encouraging visitors to remain on hardened tracks and roads will minimise these impacts. 

 

Continued research into long term damage caused by trampling within the recovering community will 

be of benefit, particularly with regard to the damage caused by repeat trampling. 

 

9.5 CONCLUSION  
 

Protecting the environment, while providing recreational opportunities, requires an understanding of 

the relationship between use and disturbance. This thesis has examined the relationship between the 

level of use of two major recreation activities and the degree of disturbance to high elevation 

vegetation communities in Australia. In examining the relationships, the research found that there 

were primary thresholds of use before significant damage occurred in some vegetation communities. 

When examining the damage caused by trampling, several of the parameters measured reached a 

secondary threshold after which increased use resulted in limited additional damage in that 

parameter. Evidence of damage varied however depending on which vegetation parameter was used 

with changes in vegetation height often more immediately apparent than cover and other measures. 

The form of the relationships also varies between communities and vegetation parameters depending 

upon the level of use. For example, the relationship between use and damage was positive and 

approximately linear for vegetation height in the tall alpine herbfields but could be logistic (an ‘S’ 

curve) or curvilinear for vegetation cover.  

 

These results are valuable as they have: (1) contributed to recreational ecology theory by testing the 

relationship between use and damage in a previously unassessed environment; (2) demonstrated that 

the relationship varied with activities (specifically camping and trampling), parameters measured, and 

among plant communities; and (3) provided a detailed case study on visitor use levels and impacts for 

a protected area that is both popular and of high conservation value. 
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APPENDIX 1   VISITOR NUMBER ESTIMATES 
 

 

Figures for the Crackenback chairlift and Thredbo are not included in this section due to possible 
commercial conflicts of interest.  
 
Figures in bold were counted during the survey. When creating estimates for the whole non-winter 
period, figures were not available for the months of October, November and May. As such, estimates 
were made using daily averages from a corresponding period. The months of November and May 
were classified as “low” periods, with daily averages from other “low” period months used for these 
days. October was classified as “very low” with the daily average from the low period being divided 
by half. 
 
 
Oct-11 Very Low Mon 46 
Oct-12 Very Low Tues 79 
Oct-13 Very Low Wednes 83 
Oct-14 Very Low Thurs 76 
Oct-15 Very Low Fri  83 
Oct-16 Very Low Satur 148 
Oct-17 Very Low Sun 104 
Oct-18 Very Low Mon 46 
Oct-19 Very Low Tues 79 
Oct-20 Very Low Wednes 83 
Oct-21 Very Low Thurs 76 
Oct-22 Very Low Fri  83 
Oct-23 Very Low Satur 148 
Oct-24 Very Low Sun 104 
Oct-25 Very Low Mon 46 
Oct-26 Very Low Tues 79 
Oct-27 Very Low Wednes 83 
Oct-28 Very Low Thurs 76 
Oct-29 Very Low Fri  83 
Oct-30 Very Low Satur 148 
Oct-31 Very Low Sun 104 
Nov-01 Low Mon 92 
Nov-02 Low Tues 159 
Nov-03 Low Wednes 167 
Nov-04 Low Thurs 152 
Nov-05 Low Fri  167 
Nov-06 Low Satur 295 
Nov-07 Low Sun 208 
Nov-08 Low Mon 92 
Nov-09 Low Tues 159 
Nov-10 Low Wednes 167 
Nov-11 Low Thurs 152 
Nov-12 Low Fri  167 

Nov-13 Low Satur 295 
Nov-14 Low Sun 208 
Nov-15 Low Mon 92 
Nov-16 Low Tues 159 
Nov-17 Low Wednes 167 
Nov-18 Low Thurs 152 
Nov-19 Low Fri  167 
Nov-20 Low Satur 295 
Nov-21 Low Sun 208 
Nov-22 Low Mon 92 
Nov-23 Low Tues 159 
Nov-24 Low Wednes 167 
Nov-25 Low Thurs 152 
Nov-26 Low Fri  167 
Nov-27 Low Satur 295 
Nov-28 Low Sun 208 
Nov-29 Low Mon 92 
Nov-30 Low Tues 159 
Dec-01 Low Wednes 167 
Dec-02 Low Thurs 152 
Dec-03 Low Fri  167 
Dec-04 Low Satur 295 
Dec-05 Low Sun 208 
Dec-06 Low Mon 505 
Dec-07 Low Tues 405 
Dec-08 Low Wednes 243 
Dec-09 Low Thurs 281 
Dec-10 Low Fri  167 
Dec-11 Low Satur 222 
Dec-12 Low Sun 265 
Dec-13 Low Mon 229 
Dec-14 Low Tues 342 
Dec-15 Low Wednes 342 
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Dec-16 Low Thurs 137 
Dec-17 Low Fri  164 
Dec-18 Low Satur 360 
Dec-19 Low Sun 244 
Dec-20 Low Mon 312 
Dec-21 Low Tues 413 
Dec-22 Low Wednes 348 
Dec-23 Low Thurs 199 
Dec-24 Low Fri  305 
Dec-25 Low Satur 399 
Dec-26 High Sun 265 
Dec-27 High Mon 673 
Dec-28 High Tues 1115 
Dec-29 High Wednes 955 
Dec-30 High Thurs 2272 
Dec-31 High Fri  1263 
Jan-01 High Satur 2477 
Jan-02 High Sun 2010 
Jan-03 High Mon 1532 
Jan-04 High Tues 1024 
Jan-05 High Wednes 739 
Jan-06 Mid Thurs 1110 
Jan-07 Mid Fri  1431 
Jan-08 Mid Satur 1087 
Jan-09 Mid Sun 1241 
Jan-10 Mid Mon 1020 
Jan-11 Mid Tues 1264 
Jan-12 Mid Wednes 1191 
Jan-13 Mid Thurs 1264 
Jan-14 Mid Fri  802 
Jan-15 Mid Satur 1047 
Jan-16 Mid Sun 2031 
Jan-17 Mid Mon 823 
Jan-18 Mid Tues 1020 
Jan-19 Mid Wednes 376 
Jan-20 Mid Thurs 603 
Jan-21 Mid Fri  638 
Jan-22 Mid Satur 1040 
Jan-23 Mid Sun 770 
Jan-24 Mid Mon 811 
Jan-25 Mid Tues 562 
Jan-26 Mid Wednes 518 
Jan-27 Mid Thurs 112 
Jan-28 Mid Fri  559 
Jan-29 Mid Satur 933 
Jan-30 Mid Sun 530 
Jan-31 Mid Mon 232 
Feb-01 Low Tues 264 
Feb-02 Low Wednes 328 
Feb-03 Low Thurs 349 

Feb-04 Low Fri  232 
Feb-05 Low Satur 337 
Feb-06 Low Sun 291 
Feb-07 Low Mon 243 
Feb-08 Low Tues 340 
Feb-09 Low Wednes 357 
Feb-10 Low Thurs 568 
Feb-11 Low Fri  238 
Feb-12 Low Satur 590 
Feb-13 Low Sun 330 
Feb-14 Low Mon 140 
Feb-15 Low Tues 294 
Feb-16 Low Wednes 342 
Feb-17 Low Thurs 470 
Feb-18 Low Fri  502 
Feb-19 Low Satur 820 
Feb-20 Low Sun 637 
Feb-21 Low Mon 190 
Feb-22 Low Tues 513 
Feb-23 Low Wednes 174 
Feb-24 Low Thurs 381 
Feb-25 Low Fri  238 
Feb-26 Low Satur 423 
Feb-27 Low Sun 639 
Feb-28 Low Mon 211 
Feb-29 Low Tues 257 
Mar-01 Low Wednes 430 
Mar-02 Low Thurs 492 
Mar-03 Low Fri  313 
Mar-04 Low Satur 405 
Mar-05 Low Sun 427 
Mar-06 Low Mon 171 
Mar-07 Low Tues 356 
Mar-08 Low Wednes 199 
Mar-09 Low Thurs 358 
Mar-10 Low Fri  143 
Mar-11 Low Satur 566 
Mar-12 Low Sun 340 
Mar-13 Low Mon 200 
Mar-14 Low Tues 436 
Mar-15 Low Wednes 463 
Mar-16 Low Thurs 405 
Mar-17 Low Fri  215 
Mar-18 Low Satur 222 
Mar-19 Low Sun 698 
Mar-20 Low Mon 293 
Mar-21 Low Tues 368 
Mar-22 Low Wednes 357 
Mar-23 Low Thurs 899 
Mar-24 Low Fri  173 
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Mar-25 Low Satur 528 
Mar-26 Low Sun 303 
Mar-27 Low Mon 177 
Mar-28 Low Tues 414 
Mar-29 Low Wednes 246 
Mar-30 Low Thurs 544 
Mar-31 Low Fri  248 
Apr-01 Low Satur 615 
Apr-02 Low Sun 353 
Apr-03 Low Mon 193 
Apr-04 Low Tues 212 
Apr-05 Low Wednes 96 
Apr-06 Low Thurs 320 
Apr-07 Low Fri  468 
Apr-08 Low Satur 415 
Apr-09 Low Sun 503 
Apr-10 Low Mon 269 
Apr-11 Low Tues 346 
Apr-12 Low Wednes 318 
Apr-13 Low Thurs 450 
Apr-14 Low Fri  467 
Apr-15 Low Satur 381 
Apr-16 Low Sun 316 
Apr-17 Low Mon 479 
Apr-18 Low Tues 602 
Apr-19 Low Wednes 887 
Apr-20 Low Thurs 161 
Apr-21 Low Fri  711 
Apr-22 high Satur 2548 
Apr-23 high Sun 2952 
Apr-24 high Mon 2324 
Apr-25 high Tues 1073 
Apr-26 Mid Wednes 447 
Apr-27 Mid Thurs 357 
Apr-28 Mid Fri  599 
Apr-29 Mid Satur 987 
Apr-30 Mid Sun 651 
May-01 Low Mon 185 
May-02 Low Tues 338 
May-03 Low Wednes 334 
May-04 Low Thurs 304 
May-05 Low Fri  333 
May-06 Low Satur 590 
May-07 Low Sun 416 
May-08 Low Mon 185 
May-09 Low Tues 338 
May-10 Low Wednes 334 
May-11 Low Thurs 304 
May-12 Low Fri  333 
May-13 Low Satur 590 

May-14 Low Sun 416 
May-15 Low Mon 92 
May-16 Low Tues 159 
May-17 Low Wednes 167 
May-18 Low Thurs 152 
May-19 Low Fri  167 
May-20 Low Satur 295 
May-21 Low Sun 208 
May-22 Low Mon 92 
May-23 Low Tues 159 
May-24 Low Wednes 167 
May-25 Low Thurs 152 
May-26 Low Fri  167 
May-27 Low Satur 295 
May-28 Low Sun 208 
May-29 Low Mon 92 
May-30 Low Tues 159 
May-31 Low Wednes 167 
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APPENDIX 2   TRAMPLING REPEATED MEASURES TESTS 
 
 
 
Principal Trampling: Year One 
 
Table 1: Results from Two-Way Repeated Measures ANOVA examining changes in vegetation height 
for principal trampling in Kosciuszko National Park (time = initial, immediately after, two weeks, six 
weeks and one year after trampling; community = tall alpine herbfield and subalpine grassland 
communities; treatment = 0, 30, 100, 200, 500 and 700 passes). 

Effect df F p 
Time 4 68.419 0.000 
Time * Community 4 9.271 0.000 
Time * Treatment 20 3.072 0.000 
Time * Community * Treatment 20 1.621 0.053 
 
Table 2: Results from One-Way Repeated Measures ANOVA examining changes in vegetation height 
for principal trampling in Kosciuszko National Park (time = initial, immediately after, two weeks, six 
weeks and one year after trampling; alpine = tall alpine herbfield; subalpine = subalpine grassland 
communities; treatment = 0, 30, 100, 200, 500 and 700 passes). 

  Alpine Subalpine 
Effect df F p F p 
Time 4 70.319 0.000 30.697 0.000 
Time * Treatment 20 2.918 0.000 1.709 0.052 

 
Table 3: Results from Two-Way Repeated Measures ANOVA examining changes in dead material 
cover for principal trampling in Kosciuszko National Park (time = initial, immediately after, two 
weeks, six weeks and one year after trampling; community = tall alpine herbfield and subalpine 
grassland communities; treatment = 0, 30, 100, 200, 500 and 700 passes). 

Effect df F p 
Time 3 134.721 0.000 
Time * Treatment  15 4.210 0.000 
Time * Community 3 1.290 0.289 
Time * Community * Treatment 15 0.516 0.929 
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Table 4: Contrast results between times from Two-Way Repeated Measures ANOVA for dead material 
cover during principal trampling in Kosciuszko National Park (time = initial, two weeks, six weeks 
and one year after trampling; community = tall alpine herbfield and subalpine grassland communities; 
treatment = 0, 30, 100, 200, 500 and 700 passes). 

 

Table 5: Results from Two-Way Repeated Measures ANOVA examining changes in graminoid cover 
for principal trampling in Kosciuszko National Park (time = initial, immediately after, two weeks, six 
weeks and one year after trampling; community = tall alpine herbfield and subalpine grassland 
communities; treatment = 0, 30, 100, 200, 500 and 700 passes). 

Effect df F p 
Time 3 55.322 0.000 
Time * Treatment  15 3.004 0.000 
Time * Community 3 6.317 0.001 
Time * Community * Treatment 15 1.560 0.092 
 

Table 6: Contrast results between times from Two-Way Repeated Measures ANOVA for graminoid 
cover during principal trampling in Kosciuszko National Park (time = initial, two weeks, six weeks 
and one year after trampling; community = tall alpine herbfield and subalpine grassland communities; 
treatment = 0, 30, 100, 200, 500 and 700 passes). 

 
 
 

Source Time df F p
Time Initial vs. 2 weeks 1 22.950 0.000

Initial vs. 6 weeks 1 276.254 0.000
Initial vs. 1 year 1 183.432 0.000

Time * Treatment Initial vs. 2 weeks 5 5.673 0.000
Initial vs. 6 weeks 5 42.241 0.000
Initial vs. 1 year 5 24.721 0.000

Time * Community Initial vs. 2 weeks 1 1.171 0.285
Initial vs. 6 weeks 1 0.060 0.807
Initial vs. 1 year 1 0.011 0.916

Time * Community * Treatment Initial vs. 2 weeks 5 0.066 0.997
Initial vs. 6 weeks 5 0.213 0.956
Initial vs. 1 year 5 0.415 0.836

Source Time df F p
Time Initial vs. 2 weeks 1 24.504 0.000

Initial vs. 6 weeks 1 130.272 0.000
Initial vs. 1 year 1 42.717 0.000

Time * Treatment Initial vs. 2 weeks 5 0.913 0.481
Initial vs. 6 weeks 5 20.563 0.000
Initial vs. 1 year 5 10.767 0.000

Time * Community Initial vs. 2 weeks 1 11.130 0.002
Initial vs. 6 weeks 1 7.689 0.008
Initial vs. 1 year 1 17.558 0.000

Time * Community * Treatment Initial vs. 2 weeks 5 0.209 0.957
Initial vs. 6 weeks 5 5.536 0.000
Initial vs. 1 year 5 3.011 0.019
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Table 7: Results from Two-Way Repeated Measures ANOVA examining changes in herb cover for 
principal trampling in Kosciuszko National Park (time = initial, immediately after, two weeks, six 
weeks and one year after trampling; community = tall alpine herbfield and subalpine grassland 
communities; treatment = 0, 30, 100, 200, 500 and 700 passes). 

Effect df F p 
Time 3 41.569 0.000 
Time * Treatment 15 3.166 0.000 
Time * Community 3 6.657 0.001 
Time * Community * Treatment 15 0.773 0.705 
 
Table 8: Contrast results between times from Two-Way Repeated Measures ANOVA for herb cover 
during principal trampling in Kosciuszko National Park (time = initial, two weeks, six weeks and one 
year after trampling; community = tall alpine herbfield and subalpine grassland communities; 
treatment = 0, 30, 100, 200, 500 and 700 passes). 

 
Table 9: Results from Two-Way Repeated Measures ANOVA examining changes in shrub cover for 
principal trampling in Kosciuszko National Park (time = initial, immediately after, two weeks, six 
weeks and one year after trampling; community = tall alpine herbfield and subalpine grassland 
communities; treatment = 0, 30, 100, 200, 500 and 700 passes). 

Effect df F p 
Time 3 0.951 0.424 
Time * Treatment  15 1.237 0.251 
Time * Community 3 1.196 0.322 
Time * Community * Treatment 15 1.056 0.403 
 
Table 10: Results from Two-Way Repeated Measures ANOVA examining changes in species richness 
for principal trampling in Kosciuszko National Park (time = initial, immediately after, two weeks, six 
weeks and one year after trampling; community = tall alpine herbfield and subalpine grassland 
communities; treatment = 0, 30, 100, 200, 500 and 700 passes). 

Effect df F p 
Time 3 6.909 0.001 
Time * Community 3 1.478 0.235 
Time * Treatment 15 1.980 0.022 
Time * Community * Treatment 15 0.904 0.562 
 

Source Time df F p
Time Initial vs. 2 weeks 1 64.500 0.000

Initial vs. 6 weeks 1 87.821 0.000
Initial vs. 1 year 1 65.388 0.000

Time * Treatment Initial vs. 2 weeks 5 7.662 0.000
Initial vs. 6 weeks 5 18.996 0.000
Initial vs. 1 year 5 6.770 0.000

Time * Community Initial vs. 2 weeks 1 6.438 0.014
Initial vs. 6 weeks 1 0.199 0.657
Initial vs. 1 year 1 9.009 0.004

Time * Community * Treatment Initial vs. 2 weeks 5 0.354 0.877
Initial vs. 6 weeks 5 0.810 0.548
Initial vs. 1 year 5 1.863 0.118
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Table 11: Contrast results between times from Two-Way Repeated Measures ANOVA species richness 
during principal trampling in Kosciuszko National Park (time = initial, two weeks, six weeks and one 
year after trampling; community = tall alpine herbfield and subalpine grassland communities; 
treatment = 0, 30, 100, 200, 500 and 700 passes). 

 

Table 12: Results from a series of randomised block ANOVAS comparing community and treatments 
for species richness at acute trampling sites in tall alpine herbfields and subalpine grassland 
communities in Kosciuszko National Park. Each time period was analysed separately. 

  Initial 2 weeks 6 weeks 1 year 
 df F p F p F p F p 

Community 1 2.703 0.107 2.223 0.144 1.244 0.271 2.637 0.112 
Treatment 5 0.483 0.787 1.975 0.105 1.953 0.105 0.467 0.798 
Site  4 7.831 0.000 7.197 0.000 4.602 0.003 6.276 0.000 
Community * 
Treatment 

5 0.851 0.522 0.742 0.597 0.232 0.946 0.417 0.834 

 

Table 13: Results from Two-Way Repeated Measures ANOVA examining changes in species net 
frequency for principal trampling in Kosciuszko National Park (time = initial, immediately after, two 
weeks, six weeks and one year after trampling; community = tall alpine herbfield and subalpine 
grassland communities; treatment = 0, 30, 100, 200, 500 and 700 passes). 

Effect df F p 
Time 3 15.426 0.000 
Time * Community 3 2.899 0.047 
Time * Treatment 15 2.973 0.000 
Time * Community * Treatment 15 1.328 0.195 
 

 

 

 

 

 

 

Source Time df F p
Time Initial vs. 2 weeks 1 5.295 0.026

Initial vs. 6 weeks 1 15.892 0.000
Initial vs. 1 year 1 2.053 0.159

Time * Community Initial vs. 2 weeks 1 2.471 0.123
Initial vs. 6 weeks 1 2.447 0.125
Initial vs. 1 year 1 0.285 0.596

Time * Treatment Initial vs. 2 weeks 5 4.051 0.004
Initial vs. 6 weeks 5 5.995 0.000
Initial vs. 1 year 5 1.806 0.133

Time * Community * Treatment Initial vs. 2 weeks 5 1.015 0.421
Initial vs. 6 weeks 5 1.242 0.307
Initial vs. 1 year 5 0.493 0.780
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Table 14: Contrast results between times from Two-Way Repeated Measures ANOVA for species net 
frequency during principal trampling in Kosciuszko National Park (time = initial, two weeks, six 
weeks and one year after trampling; community = tall alpine herbfield and subalpine grassland 
communities; treatment = 0, 30, 100, 200, 500 and 700 passes). 

 
Table 15: Significance values for post hoc test (Tukey’s) between treatments for soil water content 
immediately after principal trampling in tall alpine herbfield community in Kosciuszko National Park.  

Treatment Treatment After  
0 30 0.190 
  100 0.263 
  200 0.202 
  500 0.046 
  700 0.017 
 30 100 1.000 
  200 1.000 
  500 0.988 
  700 0.911 
 100 200 1.000 
  500 0.965 
  700 0.839 
 200 500 0.985 
  700 0.900 
 500 700 0.999 
 
 
Repeat Trampling: Year Two 

Table 16: Results from Two-Way Repeated Measures ANOVA examining changes in vegetation 
height for repeat trampling in Kosciuszko National Park (time = baseline, six weeks and one year 
after trampling; community = tall alpine herbfield and subalpine grassland communities; treatment = 
0, 30, 100, 200, 500 and 700 passes). 

Effect df F P 
Time 2 149.380 0.000 
Time * Community 10 5.272 0.000 
Time * Treatment 2 27.604 0.000 
Time * Community * Treatment 10 2.770 0.006 
 

Source Time df F p
Time Initial vs. 2 weeks 1 40.936 0.000

Initial vs. 6 weeks 1 46.941 0.000
Initial vs. 1 year 1 10.717 0.002

Time * Treatment Initial vs. 2 weeks 5 12.748 0.000
Initial vs. 6 weeks 5 14.677 0.000
Initial vs. 1 year 5 3.650 0.008

Time * Community Initial vs. 2 weeks 1 4.882 0.033
Initial vs. 6 weeks 1 7.623 0.009
Initial vs. 1 year 1 0.516 0.476

Time * Community * Treatment Initial vs. 2 weeks 5 1.498 0.211
Initial vs. 6 weeks 5 0.776 0.572
Initial vs. 1 year 5 0.182 0.968
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Table 17: Results from One-Way Repeated Measures ANOVA examining changes in vegetation 
height for repeat trampling in Kosciuszko National Park (time = baseline, two weeks, six weeks and 
one year after trampling; alpine = tall alpine herbfield; subalpine = subalpine grassland communities; 
treatment = 0, 30, 100, 200, 500 and 700 passes). 

  Alpine Subalpine 
Effect df F p F p 
Time 2 95.181 0.000 53.637 0.000 
Time * Treatment 10 15.054 0.000 0.902 0.546 

 
Table 18: Contrast results between times from Two-Way Repeated Measures ANOVA for vegetation 
height during repeat trampling in Kosciuszko National Park (time = baseline, six weeks and one year 
after trampling; community = tall alpine herbfield and subalpine grassland communities; treatment = 
0, 30, 100, 200, 500 and 700 passes). 

   Alpine Subalpine 

Source Time df F p F p 
Time Baseline vs. 6 weeks 1 224.787 0.000 105.921 0.000 
  Baseline vs. 1 years 1 102.515 0.000 3.819 0.074 
Time * Treatment Baseline vs. 6 weeks 5 35.203 0.000 2.944 0.058 
  Baseline vs. 1 years 5 10.683 0.000 0.344 0.876 
 

Table 19: Results from Two-Way Repeated Measures ANOVA examining changes in dead material 
cover for repeat trampling in Kosciuszko National Park (time = baseline, six weeks and one year after 
trampling; community = tall alpine herbfield and subalpine grassland communities; treatment = 0, 30, 
100, 200, 500 and 700 passes). 

Effect df F p 
Time 2 40.198 0.000 
Time * Treatment  10 2.216 0.026 
Time * Community 2 20.713 0.000 
Time * Community * Treatment 10 1.458 0.173 
 

Table 20: Contrast results between times from Two-Way Repeated Measures ANOVA for dead 
material cover during repeat trampling in Kosciuszko National Park (time = baseline, six weeks and 
one year after trampling; community = tall alpine herbfield and subalpine grassland communities; 
treatment = 0, 30, 100, 200, 500 and 700 passes). 

 

 

Source Time df F P 
Time Baseline vs. 6 weeks 1 38.976 0.000 
 Baseline vs. 1 years 1 0.200 0.658 
Time * Treatment Baseline vs. 6 weeks 5 1.491 0.217 

Baseline vs. 1 years 5 1.119 0.368 
Time * Community Baseline vs. 6 weeks 1 2.912 0.097 

Baseline vs. 1 years 1 29.075 0.000 
Time * Community * Treatment Baseline vs. 6 weeks 5 1.739 0.151 

Baseline vs. 1 years 5 1.286 0.291 
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Table 21: Results from Two-Way Repeated Measures ANOVA examining changes in graminoid cover 
for repeat trampling in Kosciuszko National Park (time = baseline, six weeks and one year after 
trampling; community = tall alpine herbfield and subalpine grassland communities; treatment = 0, 30, 
100, 200, 500 and 700 passes). 

Effect df F p 
Time 2 30.262 0.000 
Time * Treatment  10 1.678 0.103 
Time * Community 2 4.394 0.020 
Time * Community * Treatment 10 1.596 0.125 
 
Table 22: Contrast results between times from Two-Way Repeated Measures ANOVA for graminoid 
cover during repeat trampling in Kosciuszko National Park (time = baseline, six weeks and one year 
after trampling; community = tall alpine herbfield and subalpine grassland communities; treatment = 
0, 30, 100, 200, 500 and 700 passes). 

 
Table 23: Results from Two-Way Repeated Measures ANOVA examining changes in herb cover for 
repeat trampling in Kosciuszko National Park (time = baseline, six weeks and one year after 
trampling; community = tall alpine herbfield and subalpine grassland communities; treatment = 0, 30, 
100, 200, 500 and 700 passes). 

Effect df F  p  
Time 2 21.039 0.000 
Time * Treatment  10 1.492 0.160 
Time * Community 2 18.920 0.000 
Time * Community * Treatment 10 1.037 0.422 
 

Table 24: Contrast results between times from Two-Way Repeated Measures ANOVA for herb cover 
during repeat trampling in Kosciuszko National Park (time = baseline, six weeks and one year after 
trampling; community = tall alpine herbfield and subalpine grassland communities; treatment = 0, 30, 
100, 200, 500 and 700 passes). 

Source Time df F p 
Time Baseline vs. 6 weeks 1 3.824 0.058 
 Baseline vs. 1 years 1 4.905 0.033 
Time * Treatment Baseline vs. 6 weeks 5 0.882 0.503 

Baseline vs. 1 years 5 0.295 0.913 
Time * Community Baseline vs. 6 weeks 1 4.212 0.047 

Baseline vs. 1 years 1 8.328 0.007 
Time * Community * Treatment Baseline vs. 6 weeks 5 2.129 0.084 

Baseline vs. 1 years 5 1.612 0.182 
 

Source Time df F p 
Time Baseline vs. 6 weeks 1 47.141 0.000 
 Baseline vs. 1 years 1 11.620 0.002 
Time * Treatment Baseline vs. 6 weeks 5 2.018 0.099 

Baseline vs. 1 years 5 0.674 0.646 
Time * Community Baseline vs. 6 weeks 1 3.044 0.090 

Baseline vs. 1 years 1 15.415 0.000 
Time * Community * Treatment Baseline vs. 6 weeks 5 0.334 0.889 

Baseline vs. 1 years 5 1.430 0.237 
 



  

 239
 

Table 25: Results from Two-Way Repeated Measures ANOVA examining changes in shrub cover for 
repeat trampling in Kosciuszko National Park (time = baseline, six weeks and one year after 
trampling; community = tall alpine herbfield and subalpine grassland communities; treatment = 0, 30, 
100, 200, 500 and 700 passes). 

Effect df F  p  
Time 2 4.626 0.016 
Time * Treatment  10 0.432 0.926 
Time * Community 2 1.289 0.288 
Time * Community * Treatment 10 0.586 0.820 
 
Table 26: Contrast results between times from Two-Way Repeated Measures ANOVA for shrub cover 
during repeat trampling in Kosciuszko National Park (time = baseline, six weeks and one year after 
trampling; community = tall alpine herbfield and subalpine grassland communities; treatment = 0, 30, 
100, 200, 500 and 700 passes). 

 
Table 27: Results from Two-Way Repeated Measures ANOVA examining changes in bare ground 
cover for repeat trampling in Kosciuszko National Park (time = baseline, immediately after, six weeks 
and one year after trampling; community = tall alpine herbfield and subalpine grassland communities; 
treatment = 0, 30, 100, 200, 500 and 700 passes). 

Effect df F  p  
Time 2 2.148 0.132 
Time * Treatment  10 1.224 0.291 
Time * Community 2 1.656 0.205 
Time * Community * Treatment 10 1.189 0.312 

 

Table 28: Results from Two-Way Repeated Measures ANOVA (within subjects effects: Mauchley’s 
test of sphericity not significant) examining changes in species richness for repeat trampling in 
Kosciuszko National Park (time = baseline, six weeks and one year after trampling; community = tall 
alpine herbfield and subalpine grassland communities; treatment = 0, 30, 100, 200, 500 and 700 
passes). 

Effect df F p 
Time 2 13.117 0.000 
Time * Community 2 1.604 0.208 
Time * Treatment 10 1.111 0.366 
Time * Community * Treatment 10 0.347 0.964 
 

 

Source Time df F  p  
Time Baseline vs. 6 weeks 1 2.650 0.112 
 Baseline vs. 1 years 1 0.009 0.926 
Time * Treatment Baseline vs. 6 weeks 5 0.551 0.737 

Baseline vs. 1 years 5 0.393 0.851 
Time * Community Baseline vs. 6 weeks 1 2.650 0.112 

Baseline vs. 1 years 1 1.907 0.176 
Time * Community * Treatment Baseline vs. 6 weeks 5 0.551 0.737 

Baseline vs. 1 years 5 0.756 0.587 
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Table 29: Contrast results between times from Two-Way Repeated Measures ANOVA for species 
richness during repeat trampling in Kosciuszko National Park (time = baseline, six weeks and one 
year after trampling; community = tall alpine herbfield and subalpine grassland communities; 
treatment = 0, 30, 100, 200, 500 and 700 passes). 

 

Table 30: Results from Two-Way Repeated Measures ANOVA examining changes in species net 
frequency for repeat trampling in Kosciuszko National Park (time = baseline, immediately after, six 
weeks and one year after trampling; community = tall alpine herbfield and subalpine grassland 
communities; treatment = 0, 30, 100, 200, 500 and 700 passes). 

Effect df F p 
Time 2 25.361 0.000 
Time * Community 2 6.534 0.002 
Time * Treatment 10 0.900 0.537 
Time * Community * Treatment 10 0.501 0.884 
 

Table 31: Contrast results between times from Two-Way Repeated Measures ANOVA for species net 
frequency during repeat trampling in Kosciuszko National Park (time = baseline, six weeks and one 
year after trampling; community = tall alpine herbfield and subalpine grassland communities; 
treatment = 0, 30, 100, 200, 500 and 700 passes). 

 

 
 
 
 
 
 
 
 

Source Time df F  p  
Time Baseline vs. 6 weeks 1 16.613 0.000 
 Baseline vs. 1 year 1 0.971 0.331 
Time * Community Baseline vs. 6 weeks 1 0.226 0.637 

Baseline vs. 1 year 1 1.451 0.236 
Time * Treatment Baseline vs. 6 weeks 5 1.629 0.177 

Baseline vs. 1 year 5 0.147 0.980 
Time * Community * Treatment Baseline vs. 6 weeks 5 0.283 0.919 

Baseline vs. 1 year 5 0.339 0.886 
 

Source Time df F  p  
Time Baseline vs. 6 weeks 1 37.085 0.000 
 Baseline vs. 1 year 1 0.243 0.625 
Time * Community Baseline vs. 6 weeks 1 6.662 0.014 

Baseline vs. 1 year 1 1.095 0.302 
Time * Treatment Baseline vs. 6 weeks 5 1.302 0.285 

Baseline vs. 1 year 5 0.343 0.883 
Time * Community * Treatment Baseline vs. 6 weeks 5 0.272 0.925 

Baseline vs. 1 year 5 0.582 0.714 
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APPENDIX 3   RAW DATA FOR CAMPING AND TRAMPLING 
TRIALS IN KOSCIUSZKO NATIONAL PARK  
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Table 1: Raw data from experimental camping sites (Chapter 5)for zone (alpine = tall alpine herbfields; subalpine = subalpine grasslands) and treatment 
(1 = tent area; 2 = activity area; 3 = control area) over time (T1 = initial measurements; T2 = immediately after camping; T3 = two weeks after camping; 
T4 = six weeks after camping; T5 = one year after camping). Percentage measurements for height (ht) and covers (gram = graminoids; herbs = herbs; 
dead = dead material; bare = bare ground, shrub = shrubs) where Rel = relative values. 
 

Site Zone Nights Altitude (m) Treatment T1Ht T2Ht T3Ht T4Ht T5Ht T2RelHt T3RelHt T4RelHt T5RelHt 
1 alpine 3 1960 1 9.5 7 10.2 10.6 11.9 74 102 104 115.24 
1 alpine 3 1960 2 9.4 7.7 8.2 9.5 11.4 82 83 94 111.57 
1 alpine 3 1960 3 9.4 9.4 9.9 10.1 10.2 100 100 100 100.00 
2 alpine 3 1890 1 18 11.7 11.9 12.8   65 65 69   
2 alpine 3 1890 2 16.1 12.4 12 11.9   77 73 72   
2 alpine 3 1890 3 17.2 17.2 17.6 17.8   100 100 100   
3 alpine 3 1975 1 12.4 6.4 8.7 10.7 12.3 52 65 83 93.24 
3 alpine 3 1975 2 12.7 11.2 11.8 12.4 13.2 88 85 94 97.70 
3 alpine 3 1975 3 14.4 14.4 15.6 15 15.3 100 100 100 100.00 
4 alpine 3 1890 1 12.4 9.1 13.3 14.2   62 99 115   
4 alpine 3 1890 2 12.7 12.7 15 15.7   85 109 124   
4 alpine 3 1890 3 19 22.3 20.7 19   100 100 100   
5 subalpine 3 1660 1 11.3 6.6 9.5 10.6   52 73 82   
5 subalpine 3 1660 2 10.3 7.7 8.9 10.1   67 75 85   
5 subalpine 3 1660 3 10.6 11.9 12.2 12.2   100 100 100   
6 subalpine 3 1704 1 11.3 6.2 11.7 12 11.6 55 90 99 120.11 
6 subalpine 3 1704 2 10.9 8.2 10.8 11.3 11.5 75 86 96 123.44 
6 subalpine 3 1704 3 15 15 17.2 16.2 12.8 100 100 100 100.00 
7 subalpine 3 1599 1 11.4 7.1 9 10.3 12.8 62 69 76 96.56 
7 subalpine 3 1599 2 10.6 7.5 8.2 9.4 12.9 71 67 74 104.66 
7 subalpine 3 1599 3 11.9 11.9 13.7 14.2 13.9 100 100 100 100.00 
8 subalpine 3 1721 1 10.7 6.1 9.8 10.3 12.5 58 82 82 101.64 
8 subalpine 3 1721 2 11.1 8.4 10.5 11.3 11.6 77 84 87 90.92 
8 subalpine 3 1721 3 11.2 11 12.6 13.1 12.9 100 100 100 100.00 
9 alpine 1 1951 1 10.5 7.3 10.7 9.5   70 84 98   
9 alpine 1 1951 2 9.9 8.8 10.5 9   89 87 98   
9 alpine 1 1951 3 9.8 9.8 12 9.1   100 100 100   
10 alpine 1 1891 1 20 11.3 15.5 15.5 16.4 59 78 94 96.76 
10 alpine 1 1891 2 19 12.2 13.7 13 15.8 67 72 83 98.13 
10 alpine 1 1891 3 22.6 21.6 22.5 18.7 19.2 100 100 100 100.00 
11 alpine 1 1980 1 13 8 11 11   67 84 88   
11 alpine 1 1980 2 13 10 12 12   81 86 90   
11 alpine 1 1980 3 12 12 12 12   100 100 100   
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Site Treatment T1Gram T3Gram T4Gram T5Gram T3RelGram T4RelGram T5RelGram T1Herb T3Herb T4Herb T5Herb T3RelHerb 

1 1 86 86 90 87 97 104 103.19 3 3 3 3 100 
1 2 85 84 83 81 96 97 97.20 3 4 4 3 133 
1 3 89 92 90 87 100 100 100.00 1 1 1 1 100 
2 1 45 46 43   100 96   44 35 41   80 
2 2 44 54 40   120 91   41 27 39   66 
2 3 46 47 46   100 100   44 44 45   100 
3 1 44 39 38 35 89 86 79.55 21 23 23 21 110 
3 2 64 57 58 53 89 91 82.81 22 18 19 18 82 
3 3 95 95 95 95 100 100 100.00 1 1 1 1 100 
4 1 50 60 59   120 118   47 37 37   79 
4 2 49 51 51   104 104   48 45 46   94 
4 3 59 59 59   100 100   38 38 38   100 
5 1 87 77 84   95 98   2 2 2   89 
5 2 71 68 71   102 101   4 4 4   89 
5 3 73 68 72   100 100   17 19 17   100 
6 1 86 80 79 76 93 93 88.67 7 8 9 7 104 
6 2 72 62 63 63 86 88 88.38 7 6 7 7 78 
6 3 85 85 84 84 100 100 100.00 10 11 11 11 100 
7 1 59 56 57 57 106 108 114.00 39 32 38 35 56 
7 2 59 45 59 62 85 112 124.00 29 31 22 23 73 
7 3 73 65 65 62 100 100 100.00 17 25 25 28 100 
8 1 75 72 70 68 96 94 93.39 16 13 17 17 87 
8 2 80 72 74 74 90 93 95.28 15 13 14 16 93 
8 3 78 78 77 76 100 100 100.00 15 14 14 14 100 
9 1 59 57 63   94 104   18 17 18   83 
9 2 64 58 63   88 95   17 20 17   101 
9 3 71 73 73   100 100   10 11 10   100 
10 1 56 43 42 45 80 80 85.98 38 52 52 44.8 131 
10 2 33 31 32 31.5 101 103 102.76 57 57 57 55.5 97 
10 3 47 44 43 43.3 100 100 100.00 50 53 53 52.5 100 
11 1 60 60 60   100 100   22 20 22   83 
11 2 55 53 54   96 98   25 24 25   87 
11 3 64 64 64   100 100   21 23 23   100 
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Site Treatment T4RelHerb T5RelHerb T1Dead  T3Dead  T4Dead  T5Dead  T3RelDead T4RelDead T5RelDead T1Bare T3Bare T4Bare 

1 1 100 100.00 11 11 7 10 143 71 75.45 0 0 0 
1 2 133 100.00 12 12 13 16 143 120 110.67 0 0 0 
1 3 100 100.00 10 7 9 12 100 100 100.00 0 0 0 
2 1 91  11 19 16  192 161  0 0 0 
2 2 93  15 19 21  141 155  0 0 0 
2 3 100  10 9 9  100 100  0 0 0 
3 1 110 100.00 30 33 34 38 110 113 126.67 0 0 0 
3 2 86 81.82 14 25 23 29 179 164 207.14 0 0 0 
3 3 100 100.00 4 4 4 4 100 100 100.00 0 0 0 
4 1 79  3 3 4  100 133  0 0 0 
4 2 96  3 4 2  133 67  0 0 0 
4 3 100  3 3 3  100 100  0 0 0 
5 1 100  11 21 14  147 116  0 0 0 
5 2 100  25 28 25  86 91  0 0 0 
5 3 100  10 13 11  100 100  0 0 0 
6 1 117 91.00 4 12 12 18 399 300 406.88 3 0 0 
6 2 91 94.90 2 13 13 13 865 650 581.25 0 0 0 
6 3 100 100.00 4 3 4 4 100 100 100.00 1 1 1 
7 1 66 54.74 2 12 5 8 600 250 400.00 0 0 0 
7 2 52 48.38 12 24 19 15 200 158 125.00 0 0 0 
7 3 100 100.00 10 10 10 10 100 100 100.00 0 0 0 
8 1 114 113.69 6 15 13 15 208 163 167.50 3 0 0 
8 2 100 114.13 5 15 12 10 258 180 134.00 0 0 0 
8 3 100 100.00 6 7 8 9 100 100 100.00 1 1 1 
9 1 95  23 26 19  133 94  0 0 0 
9 2 95  19 23 20  142 120  0 0 0 
9 3 100  20 17 18  100 100  0 0 0 
10 1 131 112.29 6 5 6 10.3 80 77 136.74 0 0 0 
10 2 96 93.47 10 12 12 13 97 88 97.18 0 0 0 
10 3 100 100.00 3 4 4 4.3 100 100 100.00 0 0 0 
11 1 91  18 20 18  128 115  0 0 0 
11 2 91  20 23 21  132 121  0 0 0 
11 3 100  15 13 13  100 100  0 0 0 
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Site Treatment T5Bare T3RelBare T4RelBare T5RelBare T1Shrub T3Shrub T4Shrub T5Shrub T3Relshrub T4Relshrub T5Relshrub

1 1 0 NA NA NA 0 0 0 0 NA NA NA 
1 2 0 NA NA NA 0 0 0 0 NA NA NA 
1 3 0 NA NA NA 0 0 0 0 NA NA NA 
2 1 0 NA NA NA 0 0 0 0 NA NA NA 
2 2 0 NA NA NA 0 0 0 0 NA NA NA 
2 3 0 NA NA NA 0 0 0 0 NA NA NA 
3 1 0 NA NA NA 5 5 5 6 0 0 0 
3 2 0 NA NA NA 0 0 0 0 NA NA NA 
3 3 0 NA NA NA 0 0 0 0 NA NA NA 
4 1 0 NA NA NA 0 0 0 0 NA NA NA 
4 2 0 NA NA NA 0 0 0 0 NA NA NA 
4 3 0 NA NA NA 0 0 0 0 NA NA NA 
5 1 0 NA NA NA 0 0 0 0 NA NA NA 
5 2 0 NA NA NA 0 0 0 0 NA NA NA 
5 3 0 NA NA NA 0 0 0 0 NA NA NA 
6 1 0 0 0 0.00 0 0 0 0 NA NA NA 
6 2 0 NA NA NA 19 19 17 17 0 0 0 
6 3 1 100 100 100 0 0 0 0 NA NA NA 
7 1 0 NA NA NA 0 0 0 0 NA NA NA 
7 2 0 NA NA NA 0 0 0 0 NA NA NA 
7 3 0 NA NA NA 0 0 0 0 NA NA NA 
8 1 0 0 0 0 0 0 0 0 NA NA NA 
8 2 0 NA NA NA 0 0 0 0 NA NA NA 
8 3 1 100 100 100 0 0 0 0 NA NA NA 
9 1 0 NA NA NA 0 0 0 0 NA NA NA 
9 2 0 NA NA NA 0 0 0 0 NA NA NA 
9 3 0 NA NA NA 0 0 0 0 NA NA NA 
10 1 0 NA NA NA 0 0 0 0 NA NA NA 
10 2 0 NA NA NA 0 0 0 0 NA NA NA 
10 3 0 NA NA NA 0 0 0 0 NA NA NA 
11 1 0 NA NA NA 0 0 0 0 NA NA NA 
11 2 0 NA NA NA 0 0 0 0 NA NA NA 
11 3 0 NA NA NA 0 0 0 0 NA NA NA 
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Table 2: Raw data from experimental trampling sites (Chapter 6) for zone (alpine = tall alpine herbfields; subalpine = 
subalpine grasslands) and treatment (1 = control; 2 = 30 passes; 3 = 100 passes; 4 = 200 passes; 5 = 500 passes; 6 = 700 
passes) over time (T1 = initial measurements; T2 = immediately after trampling; T3 = two weeks after; T4 = six weeks 
after; T5 = one year after/baseline for repeat trampling; T6 = six weeks after repeat trampling; T7 = one year after 
repeat trampling ). Percentage measurements for height (ht) and covers (totsp = species richness; gram = graminoids; 
herbs = herbs; dead = dead material; bare = bare ground, shrub = shrubs) where Rel = relative values. 

Site Zone Altitude (m) Treatment T1AveHt T2AveHt T3AveHt T4AveHt T5AveHt T6AveHt 
1 alpine 1960.0 1 11.4 10.8 11.9 10.7 10.2 9.5 
1 alpine 1960.0 2 10.7 9.7 9.1 9.1 9.1 7.4 
1 alpine 1960.0 3 11.1 7.6 8.8 10.6 10.3 7.8 
1 alpine 1960.0 4 11.8 9.5 10.1 10.3 9.6 6.2 
1 alpine 1960.0 5 11.8 5.6 5.9 9.4 12.5 4.0 
1 alpine 1960.0 6 11.8 5.8 6.3 6.9 8.1 2.9 
2 alpine 1941.0 1 11.5 8.8 9.8 10.2 9.2 7.9 
2 alpine 1941.0 2 9.9 6.5 9.0 8.7 10.0 9.3 
2 alpine 1941.0 3 10.5 9.1 8.8 7.8 9.7 7.1 
2 alpine 1941.0 4 10.6 8.6 8.9 7.6 9.0 5.9 
2 alpine 1941.0 5 10.9 7.3 7.7 6.8 8.8 3.5 
2 alpine 1941.0 6 13.7 7.8 7.4 7.1 7.9 3.6 
3 alpine 1890.0 1 18.2 17.5 19.9 19.9 19.0 18.1 
3 alpine 1890.0 2 19.2 16.8 15.7 15.7 16.1 16.0 
3 alpine 1890.0 3 15.8 12.6 11.8 11.8 13.1 12.0 
3 alpine 1890.0 4 16.4 13.1 13.6 13.6 13.1 11.2 
3 alpine 1890.0 5 15.6 8.7 5.2 5.2 8.7 4.2 
3 alpine 1890.0 6 18.7 8.8 8.9 8.9 10.1 4.9 
4 alpine 1975.0 1 13.1 11.7 12.6 12.1 12.4 10.3 
4 alpine 1975.0 2 11.9 9.6 10.8 9.9 11.6 10.8 
4 alpine 1975.0 3 13.2 10.1 10.6 12.0 10.7 8.9 
4 alpine 1975.0 4 11.7 6.5 10.6 7.8 9.7 7.5 
4 alpine 1975.0 5 12.0 6.2 7.6 6.3 9.6 3.2 
4 alpine 1975.0 6 11.6 4.6 5.0 5.3 7.2 1.9 
5 alpine 1890.0 1 15.7 16.0 15.7 16.2 15.7 15.7 
5 alpine 1890.0 2 15.8 15.0 13.7 16.1 16.0 15.1 
5 alpine 1890.0 3 16.4 14.5 12.2 15.6 14.5 13.1 
5 alpine 1890.0 4 15.9 11.0 9.8 12.1 13.3 7.9 
5 alpine 1890.0 5 13.6 9.9 7.3 10.4 11.5 2.8 
5 alpine 1890.0 6 13.9 7.6 4.9 6.0 7.0 2.2 
6 subalpine 1678.0 1       19.5 16.6 15.0 
6 subalpine 1678.0 2       21.3 19.8 12.0 
6 subalpine 1678.0 3       12.4 13.7 6.5 
6 subalpine 1678.0 4       13.4 11.6 7.2 
6 subalpine 1678.0 5       11.0 10.9 4.5 
6 subalpine 1678.0 6       9.5 12.4 6.8 
7 subalpine 1704.0 1 14.5 15.5 15.4 13.7 12.7 10.3 
7 subalpine 1704.0 2 15.3 12.0 12.2 11.1 12.3 9.5 
7 subalpine 1704.0 3 12.7 12.8 11.6 10.6 13.4 11.2 
7 subalpine 1704.0 4 14.0 8.5 8.2 9.7 11.4 8.8 
7 subalpine 1704.0 5 13.2 6.2 4.4 7.7 9.2 4.6 
7 subalpine 1704.0 6 9.6 5.7 3.6 6.3 6.9 4.7 
8 subalpine 1599.0 1 11.4 8.9 9.7 9.7 12.9   
8 subalpine 1599.0 2 10.5 11.3 12.2 10.8 12.0   
8 subalpine 1599.0 3 12.5 10.2 11.7 11.4 14.3   
8 subalpine 1599.0 4 12.1 4.3 4.7 6.5 11.4   
8 subalpine 1599.0 5 9.0 5.2 4.7 4.9 7.7   
8 subalpine 1599.0 6 8.4 2.7 2.4 3.6 6.2   
9 subalpine 1646.0 1 20.3 20.3 18.3 15.5 19.0   
9 subalpine 1646.0 2 18.7 12.0 12.0 10.8 13.9   
9 subalpine 1646.0 3 17.9 10.8 8.3 9.4 14.4   
9 subalpine 1646.0 4 20.8 7.9 7.0 9.4 12.2   
9 subalpine 1646.0 5 16.1 3.7 3.3 4.7 7.1   
9 subalpine 1646.0 6 18.9 2.9 3.5 5.0 7.4   
10 subalpine 1712.0 1 18.8 18.8 18.6 16.5 15.2 9.9 
10 subalpine 1712.0 2 22.6 14.4 14.8 13.3 13.3 10.8 
10 subalpine 1712.0 3 18.7 10.5 11.4 11.4 14.2 11.1 
10 subalpine 1712.0 4 22.9 7.4 10.4 12.1 14.3 9.8 
10 subalpine 1712.0 5 21.1 6.3 6.2 8.3 12.4 6.5 
10 subalpine 1712.0 6 23.6 5.8 4.4 6.6 10.7 5.9 
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Site Treatment T7AveHt T2RelHT T3RelHT T4RelHT T5RelHT T6RelHT T7RelHT T1Shrub 

1 1 10.3 100.0 100.0 100.0 100.0 100.0 100.0 0.0 
1 2 9.0 95.7 81.5 90.6 95.1 83.0 93.1 0.0 
1 3 8.7 72.3 75.9 101.7 103.7 84.3 86.8 0.0 
1 4 7.7 85.0 82.0 93.0 90.9 63.1 71.8 0.0 
1 5 6.1 50.1 47.9 84.9 118.4 40.7 56.8 0.0 
1 6 5.7 51.9 51.1 62.3 76.7 29.5 53.3 0.0 
2 1 9.1 100.0 100.0 94.5 100.0 100.0 100.0 19.0 
2 2 7.0 85.8 106.7 93.6 126.3 136.7 88.5 0.0 
2 3 7.0 113.3 98.3 79.1 115.5 98.4 83.9 0.0 
2 4 5.5 106.0 98.5 76.4 106.1 81.0 65.3 49.0 
2 5 5.2 87.5 82.9 66.5 100.9 46.7 60.1 0.0 
2 6 6.2 74.4 63.4 55.2 72.1 38.3 56.7 0.0 
3 1 16.5 100.0 100.0 100.0 100.0 100.0 100.0 0.0 
3 2 14.0 91.0 74.8 74.8 80.3 83.8 80.3 0.0 
3 3 8.3 82.9 68.3 68.3 79.4 76.4 58.0 0.0 
3 4 9.0 83.1 75.8 75.8 76.5 68.7 60.7 0.0 
3 5 4.4 58.0 30.5 30.5 53.4 27.1 30.8 0.0 
3 6 5.1 48.9 43.5 43.5 51.7 26.3 29.8 0.0 
4 1 19.3 100.0 100.0 100.0 100.0 100.0 100.0 0.0 
4 2 9.4 90.3 94.4 90.1 103.0 115.4 53.4 0.0 
4 3 9.9 85.7 83.5 98.4 85.6 85.8 51.1 0.0 
4 4 8.1 62.2 94.2 72.2 87.6 81.5 46.9 0.0 
4 5 4.9 57.8 65.8 56.8 84.5 33.9 27.6 0.0 
4 6 3.2 44.4 44.8 49.5 65.6 20.8 19.0 0.0 
5 1 14.3 100.0 100.0 100.0 100.0 100.0 100.0 60.0 
5 2 12.8 93.2 86.7 98.8 101.3 95.6 89.0 52.0 
5 3 11.8 86.8 74.4 92.2 88.4 79.9 78.9 60.0 
5 4 7.2 67.9 61.6 73.8 83.6 49.7 49.4 61.0 
5 5 4.7 71.4 53.7 74.1 84.6 20.6 38.3 48.0 
5 6 3.7 53.7 35.3 41.8 50.4 15.8 29.0 49.0 
6 1 22.8             0.0 
6 2 20.3             0.0 
6 3 15.4             0.0 
6 4 14.8             0.0 
6 5 14.8             0.0 
6 6 12.0             0.0 
7 1 14.1 100.0 100.0 100.0 100.0 100.0 100.0 0.0 
7 2 12.6 73.4 75.1 76.8 91.8 87.4 84.5 0.0 
7 3 16.5 94.3 86.0 88.3 120.5 124.1 133.9 0.0 
7 4 10.9 56.8 55.1 73.3 93.0 88.5 80.5 0.0 
7 5 5.7 43.9 31.4 61.7 79.6 49.1 44.2 0.0 
7 6 7.1 55.5 35.3 69.5 82.1 68.9 75.9 0.0 
8 1   100.0 100.0 100.0 100.0     0.0 
8 2   137.8 136.6 120.9 101.0     0.0 
8 3   104.5 110.0 107.2 101.1     0.0 
8 4   45.5 45.7 63.1 83.3     0.0 
8 5   74.0 61.4 64.0 75.6     0.0 
8 6   41.2 33.6 50.4 65.2     0.0 
9 1   100.0 100.0 100.0 100.0     0.0 
9 2   64.2 71.2 75.6 79.4     0.0 
9 3   60.3 51.4 68.8 86.0     4.0 
9 4   38.0 37.3 59.2 62.7     0.0 
9 5   23.0 22.7 38.2 47.1     0.0 
9 6   15.3 20.5 34.6 41.8     0.0 
10 1 15.8 100.0 100.0 100.0 100.0 100.0 100.0 0.0 
10 2 18.9 63.7 66.2 67.1 72.8 90.7 99.1 0.0 
10 3 14.4 56.1 61.6 69.5 93.9 112.7 91.7 0.0 
10 4 18.2 32.3 45.9 60.2 77.2 81.3 94.4 0.0 
10 5 13.1 29.9 29.7 44.8 72.7 58.5 73.5 0.0 
10 6 14.2 24.6 18.8 31.9 56.1 47.5 71.6 0.0 
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Site Treatment T3Shrub T4Shrub T5Shrub T6Shrub T7Shrub T3RelSHB T4RelSHB T5RelSHB

1 1 0.0 0.0 0.0 0.0 0.0 NA NA NA 
1 2 0.0 0.0 0.0 0.0 0.0 NA NA NA 
1 3 0.0 0.0 0.0 0.0 0.0 NA NA NA 
1 4 0.0 0.0 0.0 0.0 0.0 NA NA NA 
1 5 0.0 0.0 0.0 0.0 0.0 NA NA NA 
1 6 0.0 0.0 0.0 0.0 0.0 NA NA NA 
2 1 19.0 24.0 23.5 23.5 29.5 100.0 100.0 100.0 
2 2 0.0 0.0 0.0 0.0 0.0 NA NA NA 
2 3 0.0 0.0 0.0 0.0 0.0 NA NA NA 
2 4 45.0 43.0 31.8 17.5 6.3 91.8 69.5 52.4 
2 5 0.0 0.0 0.0 0.0 0.0 NA NA NA 
2 6 0.0 0.0 0.0 0.0 0.0 NA NA NA 
3 1 0.0 0.0 0.0 0.0 0.5 NA NA NA 
3 2 0.0 0.0 0.0 0.0 0.3 NA NA NA 
3 3 0.0 0.0 0.0 0.0 1.0 NA NA NA 
3 4 0.0 0.0 0.0 0.0 0.5 NA NA NA 
3 5 0.0 0.0 0.0 0.0 0.3 NA NA NA 
3 6 0.0 0.0 0.0 0.0 0.5 NA NA NA 
4 1 0.0 0.0 0.0 0.0 0.0 NA NA NA 
4 2 0.0 0.0 0.0 0.0 0.0 NA NA NA 
4 3 0.0 0.0 0.0 0.0 0.0 NA NA NA 
4 4 0.0 0.0 0.0 0.0 0.0 NA NA NA 
4 5 0.0 0.0 0.0 0.0 0.0 NA NA NA 
4 6 0.0 0.0 0.0 0.0 0.0 NA NA NA 
5 1 63.0 63.0 71.8 71.8 70.5 100.0 100.0 100.0 
5 2 53.0 53.0 53.8 54.0 47.3 97.1 97.1 86.4 
5 3 57.0 54.0 55.3 32.0 26.8 90.5 85.7 77.0 
5 4 45.0 39.0 30.3 16.5 15.0 70.3 60.9 41.5 
5 5 11.0 6.0 5.8 2.3 3.8 21.8 11.9 10.0 
5 6 9.0 3.0 2.8 0.8 2.8 17.5 5.8 4.7 
6 1   0.0 0.0 0.0 0.0 NA NA NA 
6 2   0.0 0.0 0.0 0.0 NA NA NA 
6 3   0.0 0.0 0.0 0.0 NA NA NA 
6 4   0.0 0.0 0.0 0.0 NA NA NA 
6 5   0.0 0.0 0.0 0.0 NA NA NA 
6 6   0.0 0.0 0.0 0.0 NA NA NA 
7 1 0.0 0.0 0.5 0.5 1.8 NA NA NA 
7 2 0.0 0.0 0.0 0.0 0.5 NA NA NA 
7 3 0.0 0.0 0.0 0.0 1.8 NA NA NA 
7 4 0.0 0.0 0.0 0.0 0.5 NA NA NA 
7 5 0.0 0.0 0.3 0.3 0.3 NA NA NA 
7 6 0.0 0.0 0.0 0.0 0.0 NA NA NA 
8 1 0.0 0.0 0.0     NA NA NA 
8 2 0.0 0.0 0.0     NA NA NA 
8 3 0.0 0.0 0.0     NA NA NA 
8 4 0.0 0.0 0.0     NA NA NA 
8 5 0.0 0.0 0.0     NA NA NA 
8 6 0.0 0.0 0.0     NA NA NA 
9 1 0.0 0.0 0.0     NA NA NA 
9 2 0.0 0.0 0.0     NA NA NA 
9 3 3.0 3.0 3.0     0.0 0.0 0.0 
9 4 0.0 0.0 0.0     NA NA NA 
9 5 0.0 0.0 0.0     NA NA NA 
9 6 0.0 0.0 0.0     NA NA NA 
10 1 0.0 0.0 0.0 0.0 0.0 NA NA NA 
10 2 0.0 0.0 0.0 0.0 0.0 NA NA NA 
10 3 0.0 0.0 0.0 0.0 0.0 NA NA NA 
10 4 0.0 0.0 0.0 0.0 0.0 NA NA NA 
10 5 0.0 0.0 0.0 0.0 0.0 NA NA NA 
10 6 0.0 0.0 0.0 0.0 0.0 NA NA NA 
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Site Treatment T6RelSRB T7RelSRB T1Gram T3Gram T4Gram T5Gram T6Gram T7Gram 

1 1 NA NA 30.0 30.0 15.0 26.3 15.5 16.3 
1 2 NA NA 23.0 18.0 9.0 14.0 14.5 14.5 
1 3 NA NA 42.0 41.0 42.0 55.8 51.3 52.8 
1 4 NA NA 53.0 47.0 49.0 65.5 54.8 58.8 
1 5 NA NA 54.0 34.0 40.0 54.8 17.5 26.0 
1 6 NA NA 20.0 13.0 10.0 32.0 12.8 16.3 
2 1 100.0 100.0 15.0 15.0 13.0 16.0 15.5 19.8 
2 2 NA NA 33.0 27.0 29.0 33.0 40.0 41.3 
2 3 NA NA 32.0 25.0 30.0 34.8 35.8 37.5 
2 4 28.9 8.2 3.0 8.0 8.0 15.3 15.5 14.5 
2 5 NA NA 48.0 42.0 29.0 34.8 26.8 37.5 
2 6 NA NA 72.0 48.0 42.0 40.0 20.0 31.8 
3 1 NA NA 23.0 24.0 23.0 24.8 24.8 25.5 
3 2 NA NA 33.0 33.0 34.0 33.0 33.0 38.0 
3 3 NA NA 30.0 30.0 29.0 29.0 28.3 27.5 
3 4 NA NA 28.0 21.0 17.0 33.0 33.0 37.0 
3 5 NA NA 35.0 10.0 6.0 8.0 8.0 11.5 
3 6 NA NA 10.0 5.0 4.0 3.5 3.3 7.5 
4 1 NA NA 16.0 15.0 15.0 15.5 21.5 22.0 
4 2 NA NA 20.0 17.0 15.0 15.0 15.0 15.3 
4 3 NA NA 21.0 21.0 19.0 26.8 23.3 24.8 
4 4 NA NA 16.0 15.0 14.0 15.0 17.5 17.0 
4 5 NA NA 39.0 28.0 15.0 17.0 10.0 12.5 
4 6 NA NA 19.0 21.0 13.0 17.5 8.8 10.5 
5 1 100.0 100.0 15.0 9.0 9.0 10.3 10.5 10.5 
5 2 86.8 77.3 17.0 13.0 12.0 21.8 22.0 26.3 
5 3 44.6 37.9 11.0 10.0 11.0 10.0 13.8 14.0 
5 4 22.6 20.9 13.0 10.0 8.0 8.3 8.3 8.8 
5 5 3.9 6.6 15.0 5.0 5.0 8.3 4.3 8.0 
5 6 1.3 4.8 9.0 7.0 4.0 4.8 3.5 7.8 
6 1 NA NA 71.0   71.0 59.3 57.3 69.0 
6 2 NA NA 86.0   81.0 63.5 62.3 69.0 
6 3 NA NA 65.0   57.0 52.3 52.0 60.5 
6 4 NA NA 60.0   55.0 46.5 41.3 50.3 
6 5 NA NA 69.0   41.0 33.5 39.3 48.3 
6 6 NA NA 59.0   36.0 32.8 35.3 38.3 
7 1 NA NA 68.0 67.0 66.0 67.0 67.0 66.0 
7 2 NA NA 71.0 73.0 73.0 74.3 72.8 72.0 
7 3 NA NA 77.0 72.0 63.0 72.0 69.5 70.8 
7 4 NA NA 62.0 53.0 52.0 54.5 60.3 62.3 
7 5 NA NA 75.0 29.0 29.0 34.0 27.0 30.3 
7 6 NA NA 54.0 26.0 23.0 27.0 26.8 35.8 
8 1   NA 56.0 61.0 60.0 60.5     
8 2   NA 41.0 39.0 37.0 39.3     
8 3   NA 56.0 55.0 54.0 54.8     
8 4   NA 57.0 32.0 32.0 31.0     
8 5   NA 42.0 23.0 20.0 20.0     
8 6   NA 61.0 19.0 17.0 20.3     
9 1   NA 65.0 65.0 71.0 75.5     
9 2   NA 60.0 59.0 66.0 66.3     
9 3   0.0 49.0 42.0 42.0 49.0     
9 4   NA 60.0 51.0 49.0 54.3     
9 5   NA 41.0 29.0 22.0 24.8     
9 6   NA 55.0 32.0 22.0 28.0     
10 1 0.0 NA 50.0 56.0 56.0 62.8 71.3 74.0 
10 2 0.0 NA 82.0 82.0 81.0 81.3 75.8 78.8 
10 3 0.0 NA 75.0 69.0 63.0 60.5 59.3 64.0 
10 4 0.0 NA 85.0 82.0 76.0 77.5 73.8 83.0 
10 5 0.0 NA 79.0 42.0 39.0 47.5 52.3 54.5 
10 6 0.0 NA 73.0 21.0 16.0 22.3 26.8 49.5 
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Site Treatment T3RelGR T4RelGR T5RelGR T6RelGR T7RelGR T1Herb T3Herb T4Herb 

1 1 100.0 100.0 100.0 100.0 100.0 56.0 56.0 66.0 
1 2 78.3 78.3 69.6 122.0 116.4 56.0 58.0 65.0 
1 3 97.6 200.0 151.7 236.2 231.9 50.0 47.0 48.0 
1 4 88.7 184.9 141.2 199.9 204.6 38.0 36.0 33.0 
1 5 63.0 148.1 115.9 62.7 88.9 36.0 24.0 16.0 
1 6 65.0 100.0 182.9 123.4 150.0 65.0 24.0 14.0 
2 1 100.0 100.0 100.0 100.0 100.0 51.0 51.0 47.0 
2 2 81.8 101.4 93.8 117.3 94.9 41.0 46.0 37.0 
2 3 78.1 108.2 101.8 108.1 89.0 47.0 52.0 40.0 
2 4 266.7 307.7 476.6 500.0 367.1 30.0 28.0 22.0 
2 5 87.5 69.7 67.9 53.9 59.3 34.0 27.0 21.0 
2 6 66.7 67.3 52.1 26.9 33.5 7.0 3.0 3.0 
3 1 100.0 100.0 100.0 100.0 100.0 67.0 68.0 70.0 
3 2 95.8 103.0 92.9 92.9 103.9 50.0 50.0 51.0 
3 3 95.8 96.7 89.8 87.5 82.7 55.0 53.0 55.0 
3 4 71.9 60.7 109.5 109.5 119.2 49.0 45.0 36.0 
3 5 27.4 17.1 21.2 21.2 29.6 50.0 10.0 9.0 
3 6 47.9 40.0 32.5 30.2 67.6 68.0 29.0 20.0 
4 1 100.0 100.0 100.0 100.0 100.0 72.0 69.0 66.0 
4 2 90.7 80.0 77.4 55.8 55.5 69.0 68.0 67.0 
4 3 106.7 96.5 131.5 82.4 85.7 64.0 61.0 59.0 
4 4 100.0 93.3 96.8 81.4 77.3 72.0 59.0 52.0 
4 5 76.6 41.0 45.0 19.1 23.3 41.0 33.0 27.0 
4 6 117.9 73.0 95.1 34.3 40.2 66.0 38.0 26.0 
5 1 100.0 100.0 100.0 100.0 100.0 13.0 13.0 12.0 
5 2 127.5 117.6 187.2 184.9 220.6 16.0 23.0 23.0 
5 3 151.5 166.7 133.0 178.6 181.8 22.0 17.0 20.0 
5 4 128.2 102.6 92.9 90.7 96.2 15.0 14.0 13.0 
5 5 55.6 55.6 80.5 40.5 76.2 24.0 11.0 9.0 
5 6 129.6 74.1 77.2 55.6 123.0 31.0 9.0 9.0 
6 1  100.0 100.0 100.0 100.0 12.0  18.0 
6 2  94.2 88.5 89.8 82.6 11.0  11.0 
6 3  87.7 96.3 99.2 95.8 17.0  19.0 
6 4  91.7 92.9 85.3 86.2 22.0  16.0 
6 5  73.9 58.2 70.5 72.0 11.0  7.0 
6 6  61.0 66.5 74.1 66.7 20.0  8.0 
7 1 100.0 100.0 100.0 100.0 100.0 23.0 19.0 20.0 
7 2 104.4 105.9 106.1 104.0 104.5 22.0 15.0 13.0 
7 3 94.9 84.3 94.9 91.6 94.7 11.0 12.0 12.0 
7 4 86.8 86.4 89.2 98.6 103.4 34.0 29.0 19.0 
7 5 39.2 39.8 46.0 36.5 41.6 11.0 7.0 6.0 
7 6 48.9 43.9 50.7 50.3 68.2 37.0 5.0 3.0 
8 1 100.0 100.0 100.0   24.0 20.0 16.0 
8 2 87.3 84.2 88.6   42.0 40.0 40.0 
8 3 90.2 90.0 90.5   27.0 25.0 21.0 
8 4 51.5 52.4 50.3   33.0 17.0 19.0 
8 5 50.3 44.4 44.1   44.0 17.0 13.0 
8 6 28.6 26.0 30.7   24.0 7.0 6.0 
9 1 100.0 100.0 100.0   10.0 10.0 9.0 
9 2 98.3 100.7 95.1   14.0 15.0 13.0 
9 3 85.7 78.5 86.1   14.0 10.0 9.0 
9 4 85.0 74.8 77.8   21.0 15.0 14.0 
9 5 70.7 49.1 52.0   20.0 8.0 8.0 
9 6 58.2 36.6 43.8   17.0 4.0 2.0 
10 1 100.0 100.0 100.0 100.0 100.0 44.0 37.0 37.0 
10 2 89.3 88.2 79.0 64.8 64.9 11.0 10.0 11.0 
10 3 82.1 75.0 64.3 55.4 57.7 15.0 13.0 15.0 
10 4 86.1 79.8 72.7 60.9 66.0 8.0 6.0 7.0 
10 5 47.5 44.1 47.9 46.4 46.6 14.0 4.0 3.0 
10 6 25.7 19.6 24.3 25.7 45.8 15.0 2.0 2.0 
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Site Treatment T5Herb T6Herb T7Herb T3RelHRB T4RelHRB T5RelHRB T6RelHRB T7RelHRB

1 1 57.3 56.0 61.8 100.0 100.0 100.0 100.0 100.0 
1 2 57.8 55.3 53.0 103.6 98.5 100.9 98.7 85.8 
1 3 32.8 33.0 30.0 94.0 81.5 64.1 66.0 54.4 
1 4 19.3 18.0 15.5 94.7 73.7 49.6 47.4 37.0 
1 5 11.3 9.3 9.0 66.7 37.7 30.6 25.7 22.7 
1 6 30.5 29.0 21.0 36.9 18.3 45.9 44.6 29.3 
2 1 48.3 48.8 40.0 100.0 100.0 100.0 100.0 100.0 
2 2 36.8 35.8 35.0 112.2 97.9 94.7 91.2 108.8 
2 3 41.3 38.3 37.5 110.6 92.3 92.8 85.1 101.7 
2 4 17.0 16.0 9.3 93.3 79.6 59.9 55.8 39.3 
2 5 19.3 12.8 11.5 79.4 67.0 59.8 39.2 43.1 
2 6 2.0 2.0 1.0 42.9 46.5 30.2 29.9 18.2 
3 1 70.8 68.5 65.8 100.0 100.0 100.0 100.0 100.0 
3 2 51.0 47.5 40.8 98.5 97.6 96.6 92.9 83.0 
3 3 49.3 42.3 34.5 94.9 95.7 84.8 75.1 63.9 
3 4 29.5 19.8 14.0 90.5 70.3 57.0 39.4 29.1 
3 5 8.5 7.3 3.5 19.7 17.2 16.1 14.2 7.1 
3 6 15.5 8.3 7.5 42.0 28.2 21.6 11.9 11.2 
4 1 67.5 68.3 60.3 100.0 100.0 100.0 100.0 100.0 
4 2 66.5 64.8 59.0 102.8 105.9 102.8 99.0 102.2 
4 3 55.0 51.8 45.8 99.5 100.6 91.7 85.3 85.4 
4 4 50.5 46.8 44.0 85.5 78.8 74.8 68.5 73.0 
4 5 19.3 12.5 10.5 84.0 71.8 50.1 32.2 30.6 
4 6 20.3 7.5 11.3 60.1 43.0 32.7 12.0 20.4 
5 1 7.0 7.3 9.8 100.0 100.0 100.0 100.0 100.0 
5 2 13.5 14.0 16.0 143.8 155.7 156.7 156.9 133.3 
5 3 12.3 14.3 13.0 77.3 98.5 103.4 116.1 78.8 
5 4 13.5 11.0 10.5 93.3 93.9 167.1 131.5 93.3 
5 5 9.0 4.3 7.5 45.8 40.6 69.6 31.8 41.7 
5 6 12.8 9.3 13.0 29.0 31.5 76.4 53.5 55.9 
6 1 24.8 24.8 21.8  100.0 100.0 100.0 100.0 
6 2 12.8 12.8 15.0  66.7 56.2 56.2 75.2 
6 3 20.8 9.5 13.5  74.5 59.2 27.1 43.8 
6 4 22.8 16.0 20.5  48.5 50.1 35.3 51.4 
6 5 19.0 16.5 21.0  42.4 83.7 72.7 105.3 
6 6 24.0 14.3 18.8  26.7 58.2 34.5 51.7 
7 1 15.8 14.8 18.8 100.0 100.0 100.0 100.0 100.0 
7 2 10.8 8.8 14.0 82.5 68.0 71.4 62.0 78.1 
7 3 8.3 8.8 11.5 132.1 125.5 109.5 124.0 128.2 
7 4 16.5 8.3 15.3 103.3 64.3 70.9 37.8 55.0 
7 5 6.0 5.8 10.5 77.0 62.7 79.7 81.5 117.1 
7 6 7.8 6.0 13.3 16.4 9.3 30.6 25.3 43.9 
8 1 14.0   100.0 100.0 100.0   
8 2 37.8   114.3 142.9 154.1   
8 3 20.8   111.1 116.7 131.7   
8 4 21.8   61.8 86.4 113.0   
8 5 17.8   46.4 44.3 69.2   
8 6 9.8   35.0 37.5 69.6   
9 1 10.3   100.0 100.0 100.0   
9 2 13.0   107.1 103.2 90.6   
9 3 9.8   71.4 71.4 67.9   
9 4 16.0   71.4 74.1 74.3   
9 5 7.5   40.0 44.4 36.6   
9 6 4.8   23.5 13.1 27.3   
10 1 29.8 20.8 19.3 100.0 100.0 100.0 100.0 100.0 
10 2 10.8 8.3 10.5 108.1 118.9 144.5 159.0 218.2 
10 3 16.5 12.0 15.0 103.1 118.9 162.7 169.6 228.6 
10 4 6.0 5.0 6.3 89.2 104.1 110.9 132.5 178.6 
10 5 11.8 4.3 15.5 34.0 25.5 124.1 64.4 253.1 
10 6 12.8 4.8 15.5 15.9 15.9 125.7 67.1 236.2 
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Site Treatment T1Dead T3Dead T4Dead T5Dead T6Dead T7Dead T3RelDD T4RelDD 

1 1 15.0 15.0 19.0 16.5 28.5 22.0 100.0 100.0 
1 2 22.0 24.0 26.0 25.8 27.3 29.0 109.1 93.3 
1 3 9.0 13.0 10.0 11.5 15.8 17.3 144.4 87.7 
1 4 9.0 18.0 18.0 15.3 27.3 25.8 200.0 157.9 
1 5 10.0 42.0 44.0 34.0 73.3 64.5 420.0 347.4 
1 6 15.0 63.0 76.0 37.5 58.3 62.8 420.0 400.0 
2 1 15.0 14.0 15.0 12.3 12.3 10.8 100.0 100.0 
2 2 26.0 27.0 34.0 30.3 24.3 23.8 111.3 130.8 
2 3 11.0 23.0 30.0 24.0 26.0 25.0 224.0 272.7 
2 4 7.0 19.0 27.0 36.0 51.0 70.0 290.8 385.7 
2 5 19.0 31.0 50.0 46.0 55.0 46.0 174.8 263.2 
2 6 21.0 49.0 55.0 58.0 67.0 55.5 250.0 261.9 
3 1 10.0 8.0 7.0 4.5 6.8 8.3 100.0 100.0 
3 2 17.0 17.0 15.0 16.0 19.5 21.0 125.0 126.1 
3 3 15.0 17.0 16.0 21.8 29.5 37.0 141.7 152.4 
3 4 23.0 34.0 47.0 37.5 47.3 48.5 184.8 291.9 
3 5 15.0 80.0 85.0 83.5 84.8 84.8 666.7 809.5 
3 6 22.0 66.0 76.0 81.0 88.5 84.5 375.0 493.5 
4 1 12.0 16.0 19.0 17.0 10.3 17.8 100.0 100.0 
4 2 11.0 15.0 18.0 18.5 20.3 25.3 102.3 103.3 
4 3 15.0 18.0 22.0 18.3 25.0 29.3 90.0 92.6 
4 4 12.0 26.0 34.0 34.5 35.8 39.0 162.5 178.9 
4 5 20.0 39.0 58.0 63.8 76.3 73.0 146.3 183.2 
4 6 15.0 41.0 61.0 62.3 74.8 67.8 205.0 256.8 
5 1 12.0 15.0 16.0 11.0 10.5 9.3 100.0 100.0 
5 2 15.0 11.0 12.0 11.0 10.0 10.5 58.7 60.0 
5 3 7.0 16.0 15.0 22.5 40.0 46.3 182.9 160.7 
5 4 11.0 31.0 40.0 48.0 64.3 65.8 225.5 272.7 
5 5 13.0 73.0 80.0 77.0 89.3 80.8 449.2 461.5 
5 6 11.0 75.0 84.0 79.8 86.5 76.5 545.5 572.7 
6 1 15.0  9.0 15.5 18.0 9.3  100.0 
6 2 3.0  8.0 23.8 25.0 16.0  444.4 
6 3 18.0  24.0 27.0 37.8 23.0  222.2 
6 4 18.0  29.0 30.8 42.8 29.3  268.5 
6 5 20.0  52.0 47.5 44.3 30.8  350.0 
6 6 21.0  56.0 43.3 50.5 43.0  444.4 
7 1 4.0 11.0 11.0 14.3 17.0 13.5 100.0 100.0 
7 2 7.0 12.0 14.0 14.8 18.5 13.5 62.3 72.7 
7 3 12.0 16.0 25.0 19.8 21.8 16.0 48.5 75.8 
7 4 4.0 18.0 29.0 29.0 31.5 22.0 163.6 263.6 
7 5 14.0 64.0 65.0 59.8 67.0 59.0 166.2 168.8 
7 6 6.0 67.0 74.0 65.3 67.3 50.5 406.1 448.5 
8 1 20.0 19.0 24.0 25.5   100.0 100.0 
8 2 17.0 21.0 23.0 23.0   130.0 112.7 
8 3 16.0 20.0 25.0 24.5   131.6 130.2 
8 4 10.0 51.0 49.0 47.3   536.8 408.3 
8 5 14.0 60.0 67.0 62.3   451.1 398.8 
8 6 15.0 74.0 77.0 70.0   519.3 427.8 
9 1 22.0 22.0 17.0 12.0   100.0 100.0 
9 2 23.0 23.0 19.0 18.5   100.0 106.9 
9 3 33.0 45.0 46.0 38.3   136.4 180.4 
9 4 19.0 34.0 37.0 29.8   178.9 252.0 
9 5 34.0 63.0 70.0 67.8   185.3 266.4 
9 6 23.0 62.0 75.0 65.8   269.6 422.0 
10 1 6.0 7.0 7.0 7.5 8.0 6.8 100.0 100.0 
10 2 7.0 8.0 8.0 8.0 16.0 10.8 98.0 98.0 
10 3 10.0 18.0 22.0 23.0 28.8 21.0 154.3 188.6 
10 4 7.0 12.0 17.0 16.5 21.3 10.8 146.9 208.2 
10 5 7.0 54.0 58.0 40.8 43.5 30.0 661.2 710.2 
10 6 12.0 77.0 82.0 65.0 68.5 35.0 550.0 585.7 
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Site Treatment T5RelDD T6RelDD T7RelDD T1Bare T3Bare T4Bare T5Bare T6Bare 

1 1 100.0 100.0 100.0 0.0 0.0 0.0 0.0 0.0 
1 2 106.4 65.2 89.9 0.0 0.0 0.0 2.5 3.0 
1 3 116.2 92.1 130.7 0.0 0.0 0.0 0.0 0.0 
1 4 154.0 159.4 195.1 0.0 0.0 0.0 0.0 0.0 
1 5 309.1 385.5 439.8 0.0 0.0 0.0 0.0 0.0 
1 6 227.3 204.4 285.2 0.0 0.0 0.0 0.0 0.0 
2 1 100.0 100.0 100.0 0.0 0.0 0.0 0.0 0.0 
2 2 142.5 114.2 127.5 0.0 0.0 0.0 0.0 0.0 
2 3 267.2 289.4 317.1 0.0 0.0 0.0 0.0 0.0 
2 4 629.7 892.1 1395.3 0.0 0.0 0.0 0.0 0.0 
2 5 296.5 354.5 337.8 0.0 0.0 0.0 0.0 5.5 
2 6 338.2 390.7 368.8 0.0 0.0 0.0 0.0 11.0 
3 1 100.0 100.0 100.0 0.0 0.0 0.0 0.0 0.0 
3 2 209.2 169.9 149.7 0.0 0.0 0.0 0.0 0.0 
3 3 322.2 291.4 299.0 0.0 0.0 0.0 0.0 0.0 
3 4 362.3 304.3 255.6 0.0 0.0 0.0 0.0 0.0 
3 5 1237.0 837.0 684.8 0.0 0.0 0.0 0.0 0.0 
3 6 818.2 596.0 465.6 0.0 0.0 0.0 0.0 0.0 
4 1 100.0 100.0 100.0 0.0 0.0 0.0 0.0 0.0 
4 2 118.7 215.5 155.2 0.0 0.0 0.0 0.0 0.0 
4 3 85.9 195.1 131.8 0.0 0.0 0.0 0.0 0.0 
4 4 202.9 348.8 219.7 0.0 0.0 0.0 0.0 0.0 
4 5 225.0 446.3 246.8 0.0 0.0 0.0 0.0 1.0 
4 6 292.9 583.4 305.4 0.0 0.0 0.0 0.0 9.0 
5 1 100.0 100.0 100.0 0.0 0.0 0.0 0.0 0.0 
5 2 80.0 76.2 90.8 0.0 0.0 0.0 0.0 0.0 
5 3 350.6 653.1 857.1 0.0 0.0 0.0 0.0 0.0 
5 4 476.0 667.5 775.4 0.0 0.0 0.0 0.0 0.0 
5 5 646.2 784.6 805.8 0.0 0.0 0.0 0.0 0.0 
5 6 790.9 898.7 902.2 0.0 0.0 0.0 0.0 0.0 
6 1 100.0 100.0 100.0 2.0  2.0 0.5 0.0 
6 2 766.1 694.4 864.9 0.0  0.0 0.0 0.0 
6 3 145.2 174.8 207.2 0.0  0.0 0.0 0.8 
6 4 165.3 197.9 263.5 0.0  0.0 0.0 0.0 
6 5 229.8 184.4 249.3 0.0  0.0 0.0 0.0 
6 6 199.3 200.4 332.0 0.0  0.0 0.0 0.0 
7 1 100.0 100.0 100.0 5.0 3.0 3.0 2.5 0.8 
7 2 59.1 62.2 57.1 0.0 0.0 0.0 0.0 0.0 
7 3 46.2 42.6 39.5 0.0 0.0 0.0 0.0 0.0 
7 4 203.5 185.3 163.0 0.0 0.0 0.0 0.0 0.0 
7 5 119.8 112.6 124.9 0.0 0.0 0.0 0.0 0.0 
7 6 305.3 263.7 249.4 3.0 2.0 0.0 0.0 0.0 
8 1 100.0   0.0 0.0 0.0 0.0  
8 2 106.1   0.0 0.0 0.0 0.0  
8 3 120.1   0.0 0.0 0.0 0.0  
8 4 370.6   0.0 0.0 0.0 0.0  
8 5 348.7   0.0 0.0 0.0 0.0  
8 6 366.0   0.0 0.0 0.0 0.0  
9 1 100.0   3.0 3.0 3.0 2.3  
9 2 147.5   3.0 3.0 2.0 2.3  
9 3 212.5   0.0 0.0 0.0 0.0  
9 4 287.1   0.0 0.0 0.0 0.0  
9 5 365.3   5.0 0.0 0.0 0.0  
9 6 524.1   5.0 2.0 1.0 1.5  
10 1 100.0 100.0 100.0 0.0 0.0 0.0 0.0 0.0 
10 2 91.4 171.4 136.5 0.0 0.0 0.0 0.0 0.0 
10 3 184.0 215.6 186.7 0.0 0.0 0.0 0.0 0.0 
10 4 188.6 227.7 136.5 0.0 0.0 0.0 0.0 0.0 
10 5 465.7 466.1 381.0 0.0 0.0 0.0 0.0 0.0 
10 6 433.3 428.1 259.3 0.0 0.0 0.0 0.0 0.0 
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Site Treatment T7Bare T3RelBRE T4RelBRE T5RelBRE T6RelBRE T7RelBRE T1totsp. T3totsp. 

1 1 0.0 NA NA NA NA NA 4.0 4.0 
1 2 3.5 NA NA NA NA NA 13.0 12.0 
1 3 0.0 NA NA NA NA NA 9.0 7.0 
1 4 0.0 NA NA NA NA NA 6.0 5.0 
1 5 0.5 NA NA NA NA NA 6.0 4.0 
1 6 0.0 NA NA NA NA NA 4.0 4.0 
2 1 0.0 NA NA NA NA NA 10.0 10.0 
2 2 0.0 NA NA NA NA NA 8.0 9.0 
2 3 0.0 NA NA NA NA NA 10.0 10.0 
2 4 0.0 NA NA NA NA NA 8.0 6.0 
2 5 5.0 NA NA NA NA NA 14.0 11.0 
2 6 11.8 NA NA NA NA NA 13.0 10.0 
3 1 0.0 NA NA NA NA NA 13.0 13.0 
3 2 0.0 NA NA NA NA NA 13.0 30.0 
3 3 0.0 NA NA NA NA NA 12.0 12.0 
3 4 0.0 NA NA NA NA NA 11.0 11.0 
3 5 0.0 NA NA NA NA NA 9.0 9.0 
3 6 0.0 NA NA NA NA NA 11.0 9.0 
4 1 0.0 NA NA NA NA NA 16.0 15.0 
4 2 0.5 NA NA NA NA NA 12.0 11.0 
4 3 0.3 NA NA NA NA NA 15.0 14.0 
4 4 0.0 NA NA NA NA NA 15.0 13.0 
4 5 4.0 NA NA NA NA NA 11.0 14.0 
4 6 10.5 NA NA NA NA NA 17.0 16.0 
5 1 0.0 NA NA NA NA NA 18.0 17.0 
5 2 0.0 NA NA NA NA NA 13.0 14.0 
5 3 0.0 NA NA NA NA NA 13.0 13.0 
5 4 0.0 NA NA NA NA NA 14.0 13.0 
5 5 0.0 NA NA NA NA NA 13.0 10.0 
5 6 0.0 NA NA NA NA NA 14.0 11.0 
6 1 0.0  100.0 100.0 0.0 0.0 12.0  
6 2 0.0  0.0 0.0 0.0 NA 13.0  
6 3 3.0  0.0 0.0 0.0 NA 11.0  
6 4 0.0  0.0 0.0 0.0 NA 11.0  
6 5 0.0  0.0 0.0 0.0 NA 14.0  
6 6 0.0  0.0 0.0 0.0 NA 11.0  
7 1 0.0 100.0 100.0 100.0 0.0 0.0 12.0 11.0 
7 2 0.0 0.0 0.0 0.0 0.0 NA 11.0 13.0 
7 3 0.0 0.0 0.0 0.0 0.0 NA 10.0 10.0 
7 4 0.0 0.0 0.0 0.0 0.0 NA 11.0 10.0 
7 5 0.0 0.0 0.0 0.0 0.0 NA 12.0 9.0 
7 6 0.5 111.1 0.0 0.0 0.0 16.7 12.0 9.0 
8 1  0.0 0.0 0.0   11.0 11.0 
8 2  0.0 0.0 0.0   12.0 12.0 
8 3  0.0 0.0 0.0   9.0 10.0 
8 4  0.0 0.0 0.0   13.0 12.0 
8 5  0.0 0.0 0.0   13.0 11.0 
8 6  0.0 0.0 0.0   15.0 10.0 
9 1  100.0 100.0 100.0   14.0 14.0 
9 2  100.0 66.7 100.0   13.0 13.0 
9 3  0.0 0.0 0.0   13.0 12.0 
9 4  0.0 0.0 0.0   13.0 13.0 
9 5  0.0 0.0 0.0   13.0 10.0 
9 6  40.0 20.0 40.0   15.0 11.0 
10 1 0.0 0.0 0.0 0.0 0.0 NA 14.0 14.0 
10 2 0.0 0.0 0.0 0.0 0.0 NA 10.0 10.0 
10 3 0.0 0.0 0.0 0.0 0.0 NA 13.0 13.0 
10 4 0.0 0.0 0.0 0.0 0.0 NA 12.0 12.0 
10 5 0.0 0.0 0.0 0.0 0.0 NA 17.0 11.0 
10 6 0.0 0.0 0.0 0.0 0.0 NA 15.0 8.0 
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Site Treatment T4totsp. T5totsp. T6totsp. T7totsp. 

1 1 4.0 4.0 4.0 3.0 
1 2 10.0 8.0 7.0 7.0 
1 3 7.0 7.0 6.0 7.0 
1 4 6.0 7.0 6.0 7.0 
1 5 5.0 5.0 5.0 3.0 
1 6 4.0 5.0 4.0 5.0 
2 1 11.0 10.0 9.0 9.0 
2 2 9.0 10.0 9.0 10.0 
2 3 12.0 11.0 11.0 11.0 
2 4 7.0 6.0 6.0 8.0 
2 5 7.0 8.0 6.0 8.0 
2 6 9.0 6.0 4.0 7.0 
3 1 13.0 14.0 14.0 13.0 
3 2 13.0 15.0 14.0 14.0 
3 3 12.0 12.0 11.0 12.0 
3 4 14.0 12.0 12.0 13.0 
3 5 11.0 13.0 11.0 12.0 
3 6 11.0 13.0 12.0 14.0 
4 1 18.0 17.0 18.0 18.0 
4 2 12.0 12.0 13.0 15.0 
4 3 13.0 13.0 13.0 16.0 
4 4 12.0 13.0 14.0 16.0 
4 5 11.0 11.0 9.0 14.0 
4 6 15.0 14.0 12.0 17.0 
5 1 17.0 19.0 17.0 15.0 
5 2 13.0 14.0 14.0 13.0 
5 3 14.0 16.0 14.0 15.0 
5 4 16.0 15.0 13.0 11.0 
5 5 11.0 12.0 11.0 11.0 
5 6 10.0 15.0 9.0 11.0 
6 1 15.0 13.0 15.0 15.0 
6 2 13.0 12.0 12.0 16.0 
6 3 12.0 14.0 14.0 14.0 
6 4 15.0 14.0 12.0 16.0 
6 5 12.0 13.0 16.0 17.0 
6 6 12.0 15.0 14.0 17.0 
7 1 11.0 11.0 11.0 12.0 
7 2 13.0 14.0 9.0 14.0 
7 3 10.0 10.0 9.0 10.0 
7 4 10.0 12.0 11.0 11.0 
7 5 9.0 10.0 9.0 8.0 
7 6 8.0 9.0 8.0 8.0 
8 1 10.0 12.0   
8 2 13.0 13.0   
8 3 10.0 10.0   
8 4 11.0 14.0   
8 5 11.0 12.0   
8 6 10.0 12.0   
9 1 14.0 12.0   
9 2 13.0 13.0   
9 3 12.0 14.0   
9 4 12.0 12.0   
9 5 12.0 13.0   
9 6 11.0 12.0   
10 1 15.0 14.0 12.0 14.0 
10 2 10.0 10.0 11.0 10.0 
10 3 13.0 13.0 11.0 15.0 
10 4 12.0 11.0 10.0 11.0 
10 5 11.0 13.0 9.0 12.0 
10 6 9.0 13.0 6.0 13.0 
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Table 3 Raw data from experimental trampling sites for valley bog sites (Chapter 6) for each treatment (1 = control; 2 = 30 passes; 3 = 100 passes over time 
(T1 = initial measurements; T2 = two weeks after; T4 = six weeks after; T5 = one year after. Rel = relative values; cf = correction factor. Percentage 
measurements for height (ht) and covers (totsp = species richness; gram = graminoids; herbs = herbs; bare = bare ground; shrubs = shrubs; dead = dead 
material; moss = sphagnum). 

 
 
Site Treatment T1totsp. T2totsp. T3totsp. T4totsp. T1AveHt T2AveHt T3AveHt T4AveHt T1Gram T2Gram T3Gram T4Gram T1Herbs T2Herbs T3Herbs T4Herbs

1 1 8 8.0 8 7 17.9 15.1 12.0 12.0 44.8 44.75 43.75 44.25 1.3 1.25 1.25 1.25 
1 2 8 8.0 8 7 19.7 15.1 10.8 10.8 40.5 34.75 32 25 1.8 1.75 1.75 1.75 
1 3 8 8.0 8 8 15.9 11.6 8.9 8.9 37.0 62.75 56 26 0.5 0.5 0.5 0.25 
2 1 13 14.0 14 13 13.6 10.7 10.0 10.0 46.0 46 44.75 31 7.8 7.75 7.75 7.75 
2 2 13 12.0 12 12 14.2 11.6 9.9 9.9 36.0 35 34.25 25 1.3 1.25 1.25 1.5 
2 3 16 15.0 15 13 14.7 10.1 9.3 9.3 31.5 24.75 22.75 14.5 5.0 4.5 4.5 3.5 
3 1 10 8.0 10 9 9.8 7.7 7.9 7.9 46.0 46 45.5 30.75 1.0 1 1 1 
3 2 7 7.0 7 7 11.5 7.9 6.8 6.8 48.5 52 50 48.75 0.8 0.5 0.5 0.5 
3 3 9 5.0 7 9 8.2 7.3 5.5 5.5 48.8 48.75 47.75 49.25 1.3 1.25 1.25 1.25 
4 1 3 3.0 3 3 10.6 10.0 9.9 9.9 30.0 30 29.5 29.25 0.0 0 0 0 
4 2 4 4.0 4 4 11.1 8.6 9.2 9.2 36.8 48.25 56.25 51 0.0 0 0 0 
4 3 6 5.0 5 5 10.2 8.3 7.7 7.7 28.3 46 57.5 54.25 0.0 0 0 0 
5 1 12 12.0 12 12 15.3 13.5 13.8 13.8 72.0 72 72 71 9.8 9.75 9.75 8.5 
5 2 13 13.0 12 11 15.4 12.5 12.4 12.4 48.0 47.5 47 44.75 29.0 27.5 27.5 18.25 
5 3 11 11.0 11 10 12.9 11.1 9.8 9.8 50.3 53.25 48.5 27.75 23.0 18.5 17.5 16.5 

 
Site Treatment T1Bare T2Bare T3Bare T4Bare T1Shrubs T2Shrbs T3Shrbs T4Shrbs T1Dead T2Dead T3Dead T4Dead T1Moss T2Moss T3Moss T4Moss 

1 1 0.0 0 0 0 29.5 29.5 29.5 30.25 13.8 13.75 14.5 10.5 10.8 10.75 11 13.75 
1 2 0.0 0 0 0 30.3 29 29 29 18.3 22 24.75 30.25 9.3 12.5 12.5 14 
1 3 0.0 0 0 0 33.5 14.25 14.25 15.75 13.8 16.25 23.75 41.25 15.3 6.25 5.5 16.75 
2 1 0.0 0 0 0 29.8 29.75 29.75 25.25 2.8 2.75 3.25 5.5 13.8 13.75 14.5 30.5 
2 2 0.0 0 3.5 0 40.3 40.5 35.5 29 5.8 6.75 7.5 9.5 16.8 16.5 18 35 
2 3 0.0 0 0 0 42.8 35.5 31.5 28 3.8 7.5 19 19.75 17.0 27.75 22.25 34.25 
3 1 0.0 0 0 0 39.8 39.75 39.75 35 0.0 0 0.75 3.25 13.3 13.25 13 30 
3 2 0.0 0 0 0 18.8 13.5 13.5 12 4.3 3.25 8.75 12.75 28.8 30.75 27.25 26 
3 3 0.0 0 0 0 27.3 13.5 13.25 13.75 1.3 5.5 18 12.75 21.5 31 19.75 23 
4 1 0.0 0 0 0 40.3 40.25 40 32.5 2.0 2 2.75 6.75 27.8 27.75 27.75 31.5 
4 2 0.0 0 0 0 29.3 16.75 14.75 11.5 5.3 5.5 7.25 20.25 28.8 29.5 21.75 17.25 
4 3 0.0 0 0 0 36.5 19.25 17.5 14.5 4.0 4.5 19.5 25 31.3 30.25 5.5 6.25 
5 1 0.0 0 0 0 1.0 1 1 1 4.0 4 4 6.25 13.3 13.25 13.25 13.25 
5 2 0.0 0 0 0 3.8 3.75 3.75 2.25 12.3 14.25 14.75 21.75 7.0 7 7 13 
5 3 0.0 0 0 0 0.0 0 0 0 16.3 16.5 22.25 36.5 10.5 11.75 11.75 19.25 
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Table 4: Raw data from experimental trampling sites (Chapter 7) for burn type (1 = extensive burn; 2 = partial burn) and treatment (1 = control; 2 = 30 passes; 3 = 100 
passes; 4 = 200 passes) over time (T1 = initial measurements; T2 = immediately after trampling; T3 = two weeks after; T4 = six weeks after; T5 = one year after). 
Percentage measurements for covers (totsp = species richness; Cover = live vegetation; gram = graminoids; herbs = herbs; dead = dead material; bare = bare ground, 
shrubs = shrubs; burnt = burnt) where Rel = relative values. 

 
Site Type Treatment T1TotSp T3TotSp T4TotSp T5TotSp T1Cover T2Cover T3Cover T4Cover T5Cover T2RelCover T3RelCover T4RelCover T5RelCover 

1 1 1 0 0 0 5 0.1 0.1 0.1 0.1 12.25 100.0 100.0 100.0 100.00 
1 1 2 0 0 0 10 0.1 0.1 0.1 0.1 13.5 100.0 100.0 100.0 110.20 
1 1 3 0 1 1 5 0.3 0.3 0.5 0.5 15.25 100.0 200.0 200.0 49.80 
1 1 4 0 1 1 6 0.5 0.3 0.3 0.3 14.5 50.0 50.0 50.0 23.67 
2 1 1 2 4 4 9 0.8 0.8 0.8 1.3 16 100.0 100.0 100.0 100.00 
2 1 2 3 3 3 11 0.5 0.5 0.5 0.8 16 100.0 100.0 90.0 150.00 
2 1 3 2 3 3 7 1.0 0.8 1.0 1.8 17.75 75.0 100.0 105.0 83.20 
2 1 4 1 2 3 11 0.3 0.1 0.0 0.8 15 40.0 0.0 180.0 281.25 
3 1 1 1 1 1 5 0.1 0.1 0.3 0.5 39.3 100.0 100.0 100.0 100.00 
3 1 2 2 3 3 9 0.5 0.5 0.5 3.0 37.5 100.0 40.0 120.0 19.11 
3 1 3 2 2 2 9 1.3 1.3 1.3 1.5 35.3 100.0 40.0 24.0 7.18 
3 1 4 0 0 3 9 0.1 0.1 0.1 1.0 32.8 100.0 40.0 200.0 83.44 
4 1 1 10 10 10 13 5.8 5.8 11.0 16.8 44.3 100.0 100.0 100.0 100.00 
4 1 2 9 10 11 16 4.8 4.8 10.0 14.5 39.5 100.0 110.0 104.8 108.06 
4 1 3 8 9 9 12 3.0 2.0 4.3 6.3 26.3 66.7 74.1 71.5 113.70 
4 1 4 6 5 5 9 3.3 1.8 3.3 7.8 32.5 53.8 52.3 81.9 129.94 
5 1 1 4 7 7 11 1.8 1.8 3.0 6.0 41.3 100.0 100.0 100.0 100.00 
5 1 2 5 7 9 9 2.0 2.0 4.3 6.5 49.8 100.0 124.0 94.8 105.53 
5 1 3 5 6 8 11 2.0 0.8 1.0 4.0 39.0 37.5 29.2 58.3 82.73 
5 1 4 4 3 5 7 2.0 0.5 1.3 2.3 43.3 25.0 36.5 32.8 91.74 
6 2 1 5 6 6 7 3.3 3.3 6.0 7.8 29.75 100.0 100.0 100.0 100.00 
6 2 2 5 5 5 7 5.5 5.5 6.5 9.3 31.25 100.0 64.0 70.5 62.07 
6 2 3 6 6 5 8 24.0 22.3 17.5 17.3 30 92.7 39.5 30.1 13.66 
6 2 4 6 4 3 5 8.5 7.3 6.0 8.8 25 85.3 38.2 43.2 32.13 
7 2 1 3 4 6 9 2.5 2.5 3.8 5.3 61.0 100.0 100.0 100.0 100.00 
7 2 2 2 2 2 7 2.3 2.3 3.8 7.3 42.0 100.0 111.1 153.4 76.50 
7 2 3 3 2 4 11 9.5 7.3 10.0 18.3 73.3 76.3 70.2 91.5 31.60 
7 2 4 3 3 4 9 9.0 18.5 4.0 8.8 47.5 205.6 29.6 46.3 21.63 
8 2 1 7 7 8 8 7.0 7.0 8.8 9.3 20 100.0 100.0 100.0 100.00 
8 2 2 7 7 7 8 6.8 6.8 8.0 8.3 23.75 100.0 94.8 92.5 123.15 
8 2 3 10 8 10 12 9.0 7.3 8.3 8.3 16.25 80.6 73.3 69.4 63.19 
8 2 4 7 4 5 7 8.5 4.8 3.8 5.5 13.75 55.9 35.3 49.0 56.62 
9 2 1 7 11 12 13 16.5 15.0 16.5 22.8 44.8 100.0 100.0 100.0 100.00 
9 2 2 3 7 6 13 12.3 12.0 13.0 14.0 56.8 107.8 106.1 82.9 170.81 
9 2 3 5 8 7 9 18.0 10.0 9.8 15.8 55.3 61.1 54.2 63.5 113.18 
9 2 4 5 9 8 12 21.3 17.3 21.5 26.8 51.3 89.3 101.2 91.3 88.93 
10 2 1 6 7 7 10 6.0 6.0 8.3 10.0 31.0 100.0 100.0 100.0 100.00 
10 2 2 5 6 6 7 7.8 5.5 7.3 10.0 31.0 71.0 68.0 77.4 77.42 
10 2 3 5 7 7 7 9.5 5.3 8.0 10.0 40.0 55.3 61.2 63.2 81.49 
10 2 4 5 5 5 6 7.5 3.8 6.0 6.5 35.0 50.0 58.2 52.0 90.32 
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Site Treatment T1Gram T2Gram T3Gram T4Gram T5Gram T2RelGrm T3RelGrm T4RelGrm T5RelGrm T1Herbs T2Herbs T3Herbs T4Herbs T5Herbs 

1 1 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 0.0 0.0 0.0 0.0 0 
1 2 0.0 0.0 0.0 0.0 12.3 NA NA NA NA 0.0 0.0 0.0 0.0 0.75 
1 3 0.3 0.3 0.5 0.5 15.3 100.0 200.0 200.0 #DIV/0! 0.0 0.0 0.0 0.0 0 
1 4 0.5 0.3 0.3 0.3 13.0 50.0 50.0 50.0 #DIV/0! 0.0 0.0 0.0 0.0 1.5 
2 1 0.3 0.3 0.3 0.3 9.3 100.0 100.0 100.0 100.00 0.5 0.5 0.5 1.0 6.75 
2 2 0.3 0.3 0.3 0.5 14.3 100.0 100.0 200.0 185.00 0.3 0.3 0.3 0.3 1.75 
2 3 0.8 0.5 0.8 1.0 13.8 66.7 100.0 133.3 91.67 0.3 0.3 0.3 0.8 4 
2 4 0.3 0.0 0.0 0.3 12.0 0.0 0.0 100.0 215.00 0.0 0.0 0.0 0.5 3 
3 1 0.0 0.0 0.0 0.0 0.3 NA NA NA NA 0.0 0.0 0.3 0.5 38.8 
3 2 0.3 0.3 0.0 0.0 6.3 100.0 0.0 0.0 0.00 0.3 0.3 0.5 3.0 31.3 
3 3 0.5 0.5 0.5 0.8 30.0 100.0 100.0 150.0 0.00 0.8 0.8 0.8 0.8 5.3 
3 4 0.0 0.0 0.0 0.5 24.0 NA NA NA NA 0.0 0.0 0.0 0.5 8.8 
4 1 1.8 1.8 4.5 6.8 11.3 100.0 100.0 100.0 100.00 4.0 4.0 6.5 10.0 33.0 
4 2 2.8 2.8 4.8 7.3 22.5 100.0 56.3 56.0 103.49 2.0 2.0 5.3 7.3 16.8 
4 3 1.3 0.8 1.3 2.0 8.8 60.0 31.3 32.0 81.40 1.8 1.3 3.0 4.3 17.5 
4 4 1.0 0.5 1.3 2.0 12.5 50.0 39.1 40.0 145.35 2.3 1.3 2.0 5.8 19.3 
5 1 0.8 0.8 1.0 1.0 10.5 100.0 100.0 100.0 100.00 1.0 1.0 2.0 5.0 30.8 
5 2 0.5 0.5 0.8 1.0 8.3 100.0 112.5 150.0 117.86 1.5 1.5 3.5 5.5 41.5 
5 3 1.0 0.3 0.5 1.5 17.5 25.0 37.5 112.5 125.00 1.0 0.5 0.5 2.5 21.5 
5 4 0.5 0.0 0.3 0.5 23.0 0.0 37.5 75.0 328.57 1.5 0.5 1.0 1.8 20.3 
6 1 3.3 3.3 6.0 7.5 29.5 100.0 100.0 100.0 100.00 0.0 0.0 0.0 0.3 0.25 
6 2 4.5 4.5 5.5 7.5 29.3 100.0 78.3 95.2 115.86 1.0 1.0 1.0 1.8 2 
6 3 16.3 16.0 15.8 16.8 29.3 110.0 54.8 62.1 48.10 0.5 0.5 0.5 0.5 0.75 
6 4 6.3 5.8 4.8 7.0 24.0 92.0 39.7 46.3 37.66 2.3 1.5 1.3 1.8 1 
7 1 2.0 2.0 2.8 3.3 21.5 100.0 100.0 100.0 100.00 0.5 0.5 1.0 2.0 39.5 
7 2 2.0 2.0 3.5 6.8 29.3 100.0 127.3 207.7 139.29 0.3 0.3 0.3 0.5 12.8 
7 3 8.5 6.8 9.3 16.0 60.8 79.4 79.1 115.8 68.07 1.0 0.5 0.8 2.3 12.5 
7 4 8.3 18.5 4.0 8.0 39.0 224.2 35.3 59.7 45.02 0.8 0.0 0.0 0.8 8.5 
8 1 5.3 5.3 6.8 6.5 16.5 100.0 100.0 100.0 100.00 1.8 1.8 2.0 2.8 3.5 
8 2 6.0 6.0 7.0 7.0 21.8 100.0 92.0 95.8 137.70 0.8 0.8 1.0 1.3 2 
8 3 5.8 5.0 5.8 5.3 11.0 85.7 76.0 71.6 62.30 3.3 2.3 2.5 3.0 5.25 
8 4 7.8 4.8 3.8 5.0 13.0 58.3 31.7 52.8 64.89 0.8 0.0 0.0 0.5 0.75 
9 1 11.5 11.5 11.8 14.8 29.0 100.0 100.0 100.0 100.00 5.0 3.5 4.8 8.0 15.8 
9 2 10.8 10.5 10.8 11.5 41.3 97.7 97.9 83.4 169.72 1.0 1.0 1.8 2.0 11.5 
9 3 9.8 6.3 5.0 6.5 37.5 64.1 50.2 52.0 155.37 8.3 3.8 4.8 9.3 17.8 
9 4 12.0 10.0 13.5 15.0 34.8 83.3 110.1 97.5 128.08 9.3 7.3 8.0 11.8 16.5 
10 1 4.3 4.3 6.5 8.0 22.8 100.0 100.0 100.0 100.00 1.8 1.8 1.8 2.0 8.3 
10 2 6.0 4.0 5.5 6.3 18.3 66.7 58.7 52.1 53.48 1.8 1.5 1.8 3.8 12.8 
10 3 7.8 4.8 5.8 6.8 26.3 65.5 50.8 46.6 63.66 1.8 0.5 2.3 3.3 13.8 
10 4 4.3 2.5 4.3 4.0 23.0 56.3 48.0 34.4 97.80 3.3 1.3 1.8 2.5 12.0 
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Site Treatment T2RelHerb T3RelHerb T4RelHerb T5RelHerb T1Shb T2Shb T3Shb T4Shb T5Shb T2RelShb T3RelShb T4RelShb T5RelShb T1Litter 

1 1 NA NA NA NA 0.0 0.0 0.0 0.0 0 NA NA NA NA 0.0 
1 2 NA NA NA NA 0.0 0.0 0.0 0.0 0.5 NA NA NA NA 0.0 
1 3 NA NA NA NA 0.0 0.0 0.0 0.0 0 NA NA NA NA 0.0 
1 4 NA NA NA NA 0.0 0.0 0.0 0.0 0 NA NA NA NA 0.0 
2 1 100.0 100.0 100.0 100.00 0.0 0.0 0.0 0.0 0 NA NA NA NA 0.0 
2 2 100.0 100.0 50.0 51.85 0.0 0.0 0.0 0.0 0 NA NA NA NA 0.0 
2 3 100.0 100.0 150.0 118.52 0.0 0.0 0.0 0.0 0 NA NA NA NA 0.3 
2 4 NA NA NA NA 0.0 0.0 0.0 0.0 0 NA NA NA NA 0.0 
3 1 NA NA NA NA 0.0 0.0 0.0 0.0 0.3 NA NA NA NA 21.5 
3 2 100.0 200.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 19.3 
3 3 100.0 100.0 0.0 0.00 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 11.8 
3 4 NA NA NA NA 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 20.0 
4 1 100.0 100.0 100.0 100.00 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 0.8 
4 2 100.0 161.5 145.0 101.52 0.0 0.0 0.0 0.0 0.3 NA NA NA NA 1.3 
4 3 71.4 105.5 97.1 121.21 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 1.5 
4 4 55.6 54.7 102.2 103.70 0.0 0.0 0.0 0.0 0.8 NA NA NA NA 0.8 
5 1 100.0 100.0 100.0 100.00 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 0.0 
5 2 100.0 116.7 73.3 89.97 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 3.8 
5 3 50.0 25.0 50.0 69.92 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 0.3 
5 4 33.3 33.3 23.3 43.90 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 0.3 
6 1 NA NA NA NA 0.0 0.0 0.0 0.0 0 NA NA NA NA 1.5 
6 2 100.0 100.0 0.0 0.00 0.0 0.0 0.0 0.0 0 NA NA NA NA 1.5 
6 3 100.0 100.0 0.0 0.00 7.3 5.8 1.3 0.0 0 79.3 17.2 0.0 #DIV/0! 0.8 
6 4 66.7 55.6 0.0 0.00 0.0 0.0 0.0 0.0 0 NA NA NA NA 1.0 
7 1 100.0 100.0 100.0 100.00 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 4.8 
7 2 100.0 50.0 50.0 64.56 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 2.3 
7 3 50.0 37.5 56.3 15.82 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 2.3 
7 4 0.0 0.0 25.0 14.35 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 3.8 
8 1 100.0 100.0 100.0 100.00 0.0 0.0 0.0 0.0 0 NA NA NA NA 5.5 
8 2 100.0 116.7 106.1 133.33 0.0 0.0 0.0 0.0 0 NA NA NA NA 4.0 
8 3 69.2 67.3 58.7 80.77 0.0 0.0 0.0 0.0 0 NA NA NA NA 4.5 
8 4 0.0 0.0 42.4 50.00 0.0 0.0 0.0 0.0 0 NA NA NA NA 4.5 
9 1 100.0 100.0 100.0 100.00 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 6.3 
9 2 142.9 184.2 125.0 365.08 0.5 0.5 0.5 0.5 4.0 100.0 100.0 100.0 #DIV/0! 1.8 
9 3 64.9 60.6 70.1 68.30 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 8.3 
9 4 112.0 91.0 79.4 56.63 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 3.5 
10 1 100.0 100.0 100.0 100.00 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 1.8 
10 2 85.7 100.0 187.5 154.55 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 0.8 
10 3 28.6 128.6 162.5 166.67 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 1.8 
10 4 38.5 53.8 67.3 78.32 0.0 0.0 0.0 0.0 0.0 NA NA NA NA 2.0 
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Site Treatment T2Litter T3Litter T4Litter T5Litter T2RelLit T3RelLit T4RelLit T5RelLit T1Bare T2Bare T3Bare T4Bare T5Bare T2RelBare
1 1 0.0 0.0 0.0 0 NA NA NA NA 37.5 37.5 43.8 72.8 64.25 100.0 
1 2 0.0 0.0 0.0 1.25 NA NA NA NA 48.3 73.0 91.3 92.0 57.5 151.3 
1 3 0.0 0.0 0.0 2 NA NA NA NA 51.0 95.5 95.0 95.8 53 187.3 
1 4 0.3 0.5 0.5 1.5 NA NA NA NA 43.8 95.3 95.0 95.5 60.75 217.7 
2 1 0.0 0.0 0.0 0 NA NA NA NA 21.0 21.0 40.8 45.5 54.25 100.0 
2 2 0.3 0.3 0.3 0 NA NA NA NA 27.0 66.5 68.5 65.3 65.5 246.3 
2 3 4.0 2.8 2.8 1 1600.0 1100.0 1100.0 #DIV/0! 17.0 62.3 61.8 43.0 62.25 366.2 
2 4 2.0 2.0 2.0 0.25 NA NA NA NA 17.5 91.8 50.8 34.5 55.75 524.3 
3 1 21.5 8.0 8.0 7.3 100.0 100.0 100.0 100.00 6.3 6.3 8.8 8.8 34.3 100.0 
3 2 22.8 23.5 24.5 17.5 118.2 328.1 342.0 269.59 4.8 12.0 9.0 9.8 13.0 252.6 
3 3 23.0 37.0 45.3 29.0 195.7 846.3 1035.0 731.91 4.0 51.0 40.5 33.0 21.0 1275.0 
3 4 37.5 38.0 34.3 20.5 187.5 510.6 460.2 303.97 2.3 47.8 47.5 36.5 25.3 2122.2 
4 1 0.8 3.0 2.5 0.8 100.0 100.0 100.0 100.00 19.3 19.3 59.8 57.3 48.0 100.0 
4 2 1.0 2.5 2.5 2.3 80.0 50.0 60.0 180.00 25.8 32.0 57.5 59.0 31.0 124.3 
4 3 10.8 4.8 4.8 1.5 716.7 79.2 95.0 100.00 21.8 69.0 75.8 76.0 62.5 317.2 
4 4 6.8 2.3 2.3 1.3 900.0 75.0 90.0 166.67 27.3 78.8 83.0 81.5 58.0 289.0 
5 1 0.0 0.0 0.0 0.0 NA NA NA NA 42.5 42.5 59.3 72.3 53.5 100.0 
5 2 3.8 2.0 2.0 2.0 100.0 53.3 53.3 #DIV/0! 48.3 76.0 81.5 79.8 43.3 157.5 
5 3 7.3 2.5 2.5 0.5 2900.0 1000.0 1000.0 #DIV/0! 36.0 80.5 87.5 86.0 53.3 223.6 
5 4 4.0 2.5 2.5 1.5 1600.0 1000.0 1000.0 #DIV/0! 46.0 89.3 92.3 91.8 49.3 194.0 
6 1 1.5 2.5 2.5 2.25 100.0 100.0 100.0 100.00 7.5 7.5 23.3 31.0 41.75 100.0 
6 2 3.8 4.5 4.5 1.75 250.0 180.0 180.0 77.78 4.5 45.9 52.5 54.3 42.75 1018.9 
6 3 3.0 4.8 4.8 3.25 400.0 380.0 380.0 288.89 3.0 39.6 38.0 37.3 26.75 1320.0 
6 4 6.8 8.8 8.8 3.25 675.0 525.0 525.0 216.67 8.0 58.5 52.0 49.5 42.5 731.3 
7 1 4.8 7.3 7.3 2.0 100.0 100.0 100.0 100.00 3.8 3.8 5.5 6.5 13.3 100.0 
7 2 9.0 11.0 13.5 6.0 400.0 320.3 393.1 633.33 3.5 9.8 10.0 8.3 6.0 278.6 
7 3 19.3 15.8 16.3 1.5 855.6 458.6 473.2 158.33 2.5 18.8 17.8 17.5 10.5 750.0 
7 4 26.3 27.3 27.3 5.3 700.0 476.1 476.1 332.50 1.5 9.3 7.3 7.3 2.8 616.7 
8 1 5.5 6.5 8.3 10 100.0 100.0 100.0 100.00 5.3 5.3 6.8 8.0 27 100.0 
8 2 5.5 10.3 10.3 10.75 137.5 216.8 170.8 147.81 6.8 9.8 15.8 18.5 44 144.4 
8 3 37.3 36.5 37.5 37.5 827.8 686.3 555.6 458.33 6.8 27.3 26.5 24.5 24.75 403.7 
8 4 43.5 46.3 46.3 36.5 966.7 869.7 685.2 446.11 8.0 32.3 27.8 26.0 24.25 403.1 
9 1 6.3 4.0 6.8 6.8 100.0 100.0 100.0 100.00 14.0 15.3 22.8 24.8 25.3 100.0 
9 2 9.3 8.3 9.5 6.5 528.6 736.6 502.6 343.92 4.0 6.8 9.0 9.5 14.8 154.9 
9 3 48.8 52.3 49.0 5.8 590.9 989.6 549.9 64.53 5.3 21.0 13.8 13.8 21.8 367.2 
9 4 36.5 33.0 29.5 14.8 1042.9 1473.2 780.4 390.21 4.5 13.8 9.3 9.0 15.5 280.5 
10 1 1.8 1.8 1.8 1.5 100.0 100.0 100.0 100.00 11.3 11.3 19.3 20.5 46.0 100.0 
10 2 5.8 8.0 8.0 2.0 766.7 1066.7 1066.7 311.11 9.3 15.5 24.5 24.0 47.5 167.6 
10 3 38.0 19.5 19.0 6.5 2171.4 1114.3 1085.7 433.33 6.0 40.8 50.3 49.5 37.5 679.2 
10 4 44.0 33.3 33.3 12.0 2200.0 1662.5 1662.5 100.00 7.5 41.8 45.0 45.0 40.3 556.7 
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Site Treatment T3RelBare T4RelBare T5RelBare T1Burnt T2Burnt T3Burnt T4Burnt T5Burnt T2RelBurn T3RelBurn T4RelBurn T5RelBurn T1Dead T2Dead 
1 1 100.0 100.0 100.00 62.5 62.5 56.3 27.3 2.75 100.0 100.0 100.0 100.00 0.0 0.0 
1 2 162.1 98.3 69.56 51.8 27.0 8.8 8.0 1.5 52.2 18.8 35.5 65.88 0.0 0.0 
1 3 159.7 96.8 60.65 48.8 4.3 4.5 3.8 0.75 8.7 10.3 17.6 34.97 0.0 0.0 
1 4 186.1 112.5 81.05 55.8 4.3 4.3 3.8 0.5 7.6 8.5 15.4 20.38 0.0 0.0 
2 1 100.0 100.0 100.00 78.3 78.3 58.5 53.3 2 100.0 100.0 100.0 100.00 0.0 0.0 
2 2 130.7 111.5 93.91 72.5 32.8 30.8 32.5 1 45.2 56.7 65.9 53.97 0.0 0.0 
2 3 187.2 116.7 141.75 81.8 33.0 34.5 43.0 1 40.4 56.4 77.3 47.86 0.0 0.0 
2 4 149.4 91.0 123.32 82.3 6.3 47.3 53.8 1.25 7.6 76.8 96.0 59.46 0.0 0.0 
3 1 100.0 100.0 100.00 72.3 72.3 83.0 82.8 12.3 100.0 100.0 100.0 100.00 0.0 0.0 
3 2 135.3 146.6 49.94 75.5 64.8 67.0 60.3 10.3 85.8 77.2 69.7 80.07 0.0 0.0 
3 3 723.2 589.3 95.80 83.0 24.8 21.3 20.3 0.0 29.8 22.3 21.3 0.00 0.0 0.0 
3 4 1507.9 1158.7 204.79 77.8 14.8 14.5 17.8 0.8 19.0 16.2 19.9 5.69 0.0 0.0 
4 1 100.0 100.0 100.00 74.3 74.3 26.3 23.5 0.0 100.0 100.0 100.0 #DIV/0! 0.0 0.0 
4 2 71.9 77.0 48.28 68.3 62.3 30.0 24.0 0.0 91.2 124.3 111.1 #DIV/0! 0.0 0.0 
4 3 112.2 117.5 115.24 73.8 18.3 13.8 13.0 0.0 24.7 52.7 55.7 #DIV/0! 0.0 0.0 
4 4 98.1 100.6 85.36 68.8 12.8 11.5 8.5 0.0 18.5 47.3 39.1 #DIV/0! 0.0 0.0 
5 1 100.0 100.0 100.00 55.8 55.8 37.8 21.8 0.0 100.0 100.0 100.0 #DIV/0! 0.0 0.0 
5 2 121.2 97.2 71.21 46.0 18.3 12.3 11.8 2.0 39.7 39.3 65.5 #DIV/0! 0.0 0.0 
5 3 174.3 140.5 117.50 61.8 11.5 9.0 7.5 0.0 18.6 21.5 31.1 #DIV/0! 0.0 0.0 
5 4 143.8 117.3 85.05 51.8 6.3 4.0 3.5 0.0 12.1 11.4 17.3 #DIV/0! 0.0 0.0 
6 1 100.0 100.0 100.00 66.3 66.3 47.5 39.0 3 100.0 100.0 100.0 100.00 21.5 21.5 
6 2 376.3 291.7 170.66 68.3 26.8 18.3 14.3 2.5 39.2 37.3 35.5 80.89 19.8 18.3 
6 3 408.6 300.4 160.18 41.8 5.3 5.3 5.3 1 12.6 17.5 21.4 52.89 30.5 30.0 
6 4 209.7 149.7 95.43 55.0 3.3 4.8 4.8 0.75 5.9 12.0 14.7 30.11 27.5 24.3 
7 1 100.0 100.0 100.00 83.3 83.3 77.8 75.3 4.3 100.0 100.0 100.0 100.00 5.8 5.8 
7 2 194.8 136.0 48.52 84.8 73.3 69.3 66.8 3.0 86.4 87.5 87.1 69.34 7.3 5.8 
7 3 484.1 403.8 118.87 54.8 15.0 15.0 14.5 0.0 27.4 29.3 29.3 0.00 31.0 39.8 
7 4 329.5 278.8 51.89 67.3 11.0 16.5 16.5 0.3 16.4 26.3 27.1 7.28 18.5 35.0 
8 1 100.0 100.0 100.00 55.0 55.0 54.3 47.5 4.75 100.0 100.0 100.0 100.00 27.3 27.3 
8 2 181.5 179.9 126.75 76.0 72.0 56.8 53.8 5.25 94.7 75.7 81.9 79.99 6.5 6.0 
8 3 305.3 238.2 71.30 61.0 9.8 10.3 9.3 3 16.0 17.0 17.6 56.95 18.8 18.5 
8 4 269.8 213.3 58.94 64.5 7.8 8.3 8.3 4.5 12.0 13.0 14.8 80.78 14.5 11.8 
9 1 100.0 100.0 100.00 50.3 52.3 43.3 28.8 3.3 104.0 100.0 100.0 100.00 13.0 11.3 
9 2 138.5 134.3 204.46 53.0 45.0 42.8 39.5 1.0 84.9 93.7 130.3 29.17 29.0 27.0 
9 3 161.2 148.1 229.70 45.3 8.3 8.8 7.3 2.3 18.2 22.5 28.0 76.88 23.3 12.0 
9 4 126.5 113.1 190.98 42.5 14.3 12.5 9.3 1.8 33.5 34.2 38.0 63.67 28.3 18.3 
10 1 100.0 100.0 100.00 68.8 68.8 61.3 59.0 0.0 100.0 100.0 100.0 #DIV/0! 12.3 12.3 
10 2 154.8 142.4 125.59 76.8 65.8 51.3 49.8 0.0 85.7 75.0 75.5 #DIV/0! 5.5 7.5 
10 3 489.4 452.7 152.85 71.3 9.8 9.8 9.5 0.0 13.7 15.4 15.5 #DIV/0! 11.5 6.3 
10 4 350.6 329.3 131.25 74.0 5.3 4.5 4.5 0.0 7.1 6.8 7.1 #DIV/0! 9.0 5.3 
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Site Treatment T3Dead T4Dead T5Dead T2RelDead T3RelDead T4RelDead T5RelDead T1AveHt T2AveHt T3AveHt T4AveHt T5AveHt 
1 1 0.0 0.0 11.5 NA NA NA NA 193.50 193.83 194.50 203.83 172.50 
1 2 0.0 0.0 17.5 NA NA NA NA 177.00 185.33 184.83 197.17 165.42 
1 3 0.0 0.0 24 NA NA NA NA 207.00 212.17 212.17 215.50 174.17 
1 4 0.0 0.0 19 NA NA NA NA 200.00 207.00 206.50 211.50 160.42 
2 1 0.0 0.0 26.5 NA NA NA NA 202.83 202.33 216.00 211.50 232.92 
2 2 0.0 1.3 10 NA NA NA NA 192.67 198.67 203.67 203.33 225.83 
2 3 0.0 9.5 18 NA NA NA NA 173.00 184.17 199.67 192.33 205.00 
2 4 0.0 9.0 22.5 NA NA NA NA 168.50 179.67 176.83 180.17 187.50 
3 1 0.0 0.0 7.0 NA NA NA NA 137.83 136.83 137.17 146.67 165.42 
3 2 0.0 0.0 21.8 NA NA NA NA 155.33 163.50 163.17 167.83 183.75 
3 3 0.0 0.0 14.8 NA NA NA NA 177.50 183.17 183.00 185.50 202.50 
3 4 0.0 0.0 20.8 NA NA NA NA 154.00 166.00 164.83 170.67 190.83 
4 1 0.0 0.0 7.0 NA NA NA NA 176.50 177.50 182.50 182.17 126.67 
4 2 0.0 0.0 27.3 NA NA NA NA 195.83 201.00 204.50 203.50 147.92 
4 3 0.0 0.0 9.8 NA NA NA NA 189.00 197.17 201.67 199.83 140.00 
4 4 0.0 0.0 8.3 NA NA NA NA 200.83 210.17 211.00 210.67 145.42 
5 1 0.0 0.0 5.3 NA NA NA NA 185.00 186.00 203.33 202.17 183.33 
5 2 0.0 0.0 3.0 NA NA NA NA 172.67 171.50 186.67 186.00 276.25 
5 3 0.0 0.0 7.3 NA NA NA NA 149.17 157.67 165.17 167.50 154.58 
5 4 0.0 0.0 6.0 NA NA NA NA 186.00 195.00 200.17 193.83 187.08 
6 1 20.8 19.8 23.25 100.0 96.5 100.0 100.00 176.67 179.50 179.50 174.00 192.50 
6 2 18.3 17.8 21.75 92.4 92.4 97.8 101.84 192.00 192.67 192.67 191.83 214.17 
6 3 34.5 35.5 39 98.4 113.1 126.7 118.24 158.33 163.00 163.00 170.67 195.00 
6 4 28.5 28.3 28.5 88.2 103.6 111.8 95.84 177.00 188.50 188.50 189.17 202.08 
7 1 5.8 5.8 19.5 100.0 100.0 100.0 100.00     220.67 216.67 242.08 
7 2 6.0 4.3 43.0 79.3 82.8 58.6 174.89     215.00 201.83 229.58 
7 3 41.5 33.5 14.8 128.2 133.9 108.1 14.03     195.00 198.67 212.50 
7 4 45.0 40.3 44.3 189.2 243.2 217.6 70.53     208.83 213.17 230.00 
8 1 23.8 27.0 38.25 100.0 100.0 100.0 100.00 241.33 240.00 248.17 246.00 263.75 
8 2 9.3 9.3 16.25 92.3 163.3 143.6 178.10 238.83 245.67 246.67 244.50 274.58 
8 3 18.5 20.5 18.5 98.7 113.2 110.3 70.29 219.67 226.67 236.67 234.83 257.50 
8 4 14.0 14.0 21 81.0 110.8 97.4 103.18 219.67 227.00 229.33 223.17 247.50 
9 1 13.5 17.0 20.0 100.0 100.0 100.0 100.00 199.83 198.67 198.67 199.50 217.50 
9 2 27.0 27.5 21.0 107.6 89.7 72.5 47.07 245.00 250.50 250.50 241.33 257.92 
9 3 15.5 14.3 15.0 59.6 64.2 46.9 41.94 219.33 229.17 229.17 235.33 254.58 
9 4 22.5 25.5 16.8 74.7 76.7 69.0 38.54 210.00 218.33 218.33 212.17 243.33 
10 1 9.5 8.8 21.5 100.0 100.0 100.0 100.00 212.67 213.50 215.83 214.33 234.58 
10 2 9.0 8.3 19.5 136.4 211.0 210.0 202.01 210.00 213.67 215.50 211.67 227.92 
10 3 12.5 12.0 16.0 54.3 140.2 146.1 79.27 199.17 203.33 208.67 208.50 232.50 
10 4 11.3 10.8 12.8 58.3 161.2 167.2 80.72 215.00 219.50 221.67 223.17 235.42 
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Table 5: Raw data from experimental trampling sites (Chapter 8) with treatment (1 = control; 2 = 30 passes; 3 = 100 passes; 4 = 200 passes 5 = 200(3) 
passes; 6 =500 passes) over time (T1 = initial measurements; T2 = immediately after; T2.5 = one week after T3 = two weeks after; T4 = six weeks after). 
Percentage measurements for height (ht) and covers (totsp = species richness; Cover = total vegetation cover; gram = graminoids; herbs = herbs; dead = 
dead material; bare = bare ground, shb = shrubs; brnt = burnt; pen = penetrometer measurement (kg/cm2); aveht = soil profile average height). 
 
Site Treatment T1ToSp T3ToSp T4ToSp T1Cover T3Cover T4Cover T1Gra T3Gram T4Gram T1Hrb T3Hrb T4Hrb 

1 1 12 12 13 39.0 39.0 39.3 8.5 8.5 7.5 30.5 30.5 31.5 
1 2 13 13 13 52.8 51.3 37.5 8.8 8.8 8.3 44.0 42.5 29.3 
1 3 9 9 9 35.5 22.0 16.0 5.0 4.5 3.8 30.5 17.5 12.3 
1 4 10 9 10 79.8 21.8 15.5 7.0 7.0 7.3 72.8 14.8 8.3 
1 5 11 8 10 55.0 43.3 31.0 9.8 8.5 7.0 45.3 34.8 24.0 
1 6 11 11 11 53.3 13.3 9.8 14.0 4.3 2.8 39.3 9.0 7.0 
2 1 11 11 11 40.8 40.8 47.3 30.8 30.8 37.0 10.0 10.0 10.3 
2 2 12 12 12 26.8 26.8 31.8 16.0 16.0 20.5 10.8 10.8 11.3 
2 3 12 14 13 36.0 34.0 35.8 23.8 22.8 23.8 12.3 11.3 11.8 
2 4 11 14 11 32.5 25.0 20.3 24.3 18.3 14.0 8.3 6.8 6.3 
2 5 16 14 18 43.3 39.0 34.3 14.3 13.5 13.0 28.8 25.3 21.0 
2 6 13 11 13 32.5 12.8 8.8 18.8 6.3 5.0 13.8 6.5 3.8 
3 1 14 14 15 69.0 68.3 68.0 7.3 6.8 6.5 61.8 61.5 61.5 
3 2 12 12 12 59.8 61.0 60.8 8.5 10.3 10.5 51.3 50.8 50.3 
3 3 14 14 12 71.0 65.0 62.5 9.0 8.3 8.0 62.0 56.8 54.5 
3 4 15 14 11 60.0 45.8 20.5 14.3 11.8 10.0 45.8 34.0 10.5 
3 5 14 14 12 65.8 62.0 26.5 32.0 32.5 15.5 33.8 29.5 11.0 
3 6 14 11 10 58.3 13.8 8.5 14.3 4.8 3.3 44.0 9.0 5.3 
4 1 9 9 8 21.8 21.8 27.5 18.3 18.3 23.5 3.5 3.5 3.8 
4 2 6 4 3 8.0 7.8 13.8 7.8 7.5 13.5 0.3 0.3 0.3 
4 3 7 7 6 9.5 10.0 14.5 8.8 9.3 13.8 0.8 0.8 0.8 
4 4 6 4 5 2.5 1.3 1.3 1.5 1.0 1.0 1.0 0.3 0.3 
4 5 5 4 4 8.8 7.8 12.8 6.5 6.8 10.8 2.0 0.8 1.8 
4 6 6 5 3 11.5 6.0 16.0 10.8 5.5 15.5 0.8 0.5 0.5 
5 1 7 7 8 19.5 19.5 23.0 14.5 14.5 17.3 4.8 4.8 5.3 
5 2 9 9 10 34.8 34.8 39.8 28.5 28.5 32.3 5.8 5.8 5.8 
5 3 8 8 8 33.8 33.0 37.8 19.5 18.8 21.3 12.8 12.8 14.0 
5 4 7 7 7 19.3 18.0 21.0 10.3 10.0 10.5 4.3 3.5 4.3 
5 5 9 8 10 21.0 20.3 23.0 13.0 13.0 15.5 8.0 7.3 7.5 
5 6 8 8 8 37.8 21.5 24.8 22.8 14.3 15.5 13.8 7.3 9.3 
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Site Treatment T1Shb T3Shb T4Shb T1Dead T3Dead T4Dead T1Brnt T3Brnt T4Brnt T1Lit T3Lit T4Lit 
1 1 0.0 0.0 0.3 14.8 14.8 15.3 1.3 1.3 1.3 1.3 1.3 1.3 
1 2 0.0 0.0 0.0 8.3 9.8 21.0 0.8 0.8 0.8 1.0 1.0 1.0 
1 3 0.0 0.0 0.0 6.3 17.8 20.3 0.5 0.5 0.5 0.8 0.8 0.8 
1 4 0.0 0.0 0.0 4.5 61.8 64.5 0.0 0.0 0.0 0.0 0.0 0.0 
1 5 0.0 0.0 0.0 7.0 13.8 21.5 0.0 0.0 0.0 0.5 0.5 0.5 
1 6 0.0 0.0 0.0 9.0 35.0 32.0 0.0 0.0 0.0 0.3 0.3 0.3 
2 1 0.0 0.0 0.0 11.3 11.3 10.8 1.5 1.5 1.5 0.5 0.5 0.5 
2 2 0.0 0.0 0.0 13.5 13.5 13.0 2.0 2.0 2.0 0.5 0.5 0.5 
2 3 0.0 0.0 0.3 10.5 12.5 12.5 0.8 0.8 0.8 0.5 0.5 0.5 
2 4 0.0 0.0 0.0 10.3 15.8 21.8 0.5 0.5 0.5 0.3 1.8 1.8 
2 5 0.3 0.3 0.3 13.3 17.5 21.0 0.8 0.8 0.8 2.0 2.0 2.0 
2 6 0.0 0.0 0.0 10.8 26.3 30.3 0.3 0.3 0.3 1.0 3.3 3.3 
3 1 0.0 0.0 0.0 17.0 17.8 17.5 1.5 1.5 1.5 1.3 1.3 1.3 
3 2 0.0 0.0 0.0 11.8 12.0 12.3 2.3 2.3 2.3 3.8 3.8 3.8 
3 3 0.0 0.0 0.0 9.3 15.3 17.8 0.3 0.3 0.3 0.8 0.8 0.8 
3 4 0.0 0.0 0.0 14.8 28.8 51.3 1.5 1.3 1.3 1.0 1.0 2.3 
3 5 0.0 0.0 0.0 13.0 17.0 53.5 5.3 5.0 2.5 1.3 1.3 1.3 
3 6 0.0 0.0 0.0 20.3 59.8 63.8 0.3 0.3 0.3 3.0 4.3 4.8 
4 1 0.0 0.0 0.3 13.0 13.0 12.0 6.5 6.5 6.5 2.3 2.3 2.3 
4 2 0.0 0.0 0.0 8.5 9.3 9.3 4.0 4.0 4.0 1.5 1.5 1.5 
4 3 0.0 0.0 0.0 7.8 8.3 8.3 7.8 7.8 7.8 1.0 1.0 1.0 
4 4 0.0 0.0 0.0 5.3 6.5 7.0 7.5 7.5 7.0 1.8 1.8 1.8 
4 5 0.3 0.3 0.3 4.3 4.8 4.8 4.8 1.0 1.0 0.3 0.3 0.3 
4 6 0.0 0.0 0.0 5.8 9.3 6.3 6.5 2.0 2.0 1.0 1.0 1.0 
5 1 0.3 0.3 0.5 28.0 28.0 27.8 2.8 2.8 2.3 1.8 1.8 2.5 
5 2 0.5 0.5 1.8 31.0 31.0 28.3 2.8 2.8 1.8 4.0 4.0 5.8 
5 3 1.5 1.5 2.5 21.8 22.5 18.0 3.8 1.8 1.0 1.5 1.5 5.3 
5 4 4.8 4.5 6.3 20.5 21.5 18.8 2.0 1.0 0.0 1.5 1.5 7.3 
5 5 0.0 0.0 0.0 48.5 49.3 47.5 4.3 0.0 0.0 4.3 6.0 12.0 
5 6 1.3 0.0 0.0 38.0 48.8 45.5 3.0 1.3 0.3 6.0 6.0 7.5 
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Site Treatment T1Bare T3Bare T4Bare T1Pen T2Pen T2.5Pen T3Pen T4Pen T1AvHt T2AvHt T3AvHt T4AvHt 
1 1 43.8 43.8 43.0 0.7 0.7  1.2 1.3 222.1 220.4 220.8 223.3 
1 2 37.3 37.3 39.8 0.6 1.4  1.4 1.8 194.2 198.3 200.4 199.2 
1 3 57.0 59.0 62.5 0.4 1.0  0.8 1.3 194.2 194.6 196.3 199.6 
1 4 15.8 16.5 20.0 0.8 1.4  1.7 1.6 219.2 223.3 226.3 230.0 
1 5 37.5 42.5 47.0 0.6 1.1 1.3 1.3 1.5 187.9 190.8 194.6 194.6 
1 6 37.5 51.5 58.0 0.6 2.2  1.5 2.2 209.2 210.8 218.8 218.3 
2 1 46.0 46.0 40.0 0.5 0.9  0.7 0.8 227.1 221.7 225.0 225.8 
2 2 57.3 57.3 52.8 1.4 1.1  1.0 1.4 272.5 262.5 264.6 270.4 
2 3 52.3 52.3 50.5 1.1 2.1  1.7 1.7 236.3 233.8 233.3 235.0 
2 4 56.5 57.0 55.8 1.4 3.0  1.9 1.7 228.3 231.3 231.7 232.1 
2 5 40.8 40.8 42.0 0.8 1.1 1.2 1.5 1.7 228.8 226.3 227.1 229.2 
2 6 55.5 57.5 57.5 1.2 2.9  1.8 2.8 225.8 222.1 226.3 230.4 
3 1 11.3 11.3 11.8 0.4 0.5  0.5 0.8 267.9 272.1 269.6 275.4 
3 2 22.5 21.0 21.0 0.7 0.9  0.7 1.4 238.8 241.7 243.3 244.2 
3 3 18.8 18.8 18.8 0.4 1.3  1.2 1.2 263.3 260.4 260.0 267.9 
3 4 22.8 23.3 24.8 0.8 1.7  1.2 1.3 235.0 237.9 237.5 241.3 
3 5 14.8 14.8 16.3 1.2 1.5 1.8 2.0 1.8 316.3 300.8 302.0 306.7 
3 6 18.3 22.0 22.8 0.6 2.4  2.2 2.2 247.1 248.8 244.2 250.0 
4 1 56.5 56.5 51.8 0.4 0.5  0.5 1.0 225.4 226.7 228.8 232.1 
4 2 78.0 77.5 71.5 0.3 1.0  0.7 0.6 230.0 236.7 232.1 235.4 
4 3 74.0 73.0 68.5 0.4 1.3  0.8 1.3 232.9 229.6 232.5 232.1 
4 4 83.0 83.0 83.0 0.1 0.9  1.2 1.2 217.1 216.7 217.5 219.2 
4 5 82.0 86.3 81.3 0.5 1.9 1.0 1.3 1.4 180.4 186.3 183.3 184.6 
4 6 75.3 81.8 74.8 0.5 1.1  1.0 1.2 202.1 207.5 209.6 212.9 
5 1 48.0 48.0 44.5 0.6 1.0  0.8 1.1 246.3 237.5 242.1 252.5 
5 2 27.5 27.5 24.5 0.6 1.1  1.2 1.1 347.5 347.1 348.3 352.9 
5 3 39.3 41.3 38.0 0.5 1.0  1.6 1.5 240.8 242.1 242.9 245.4 
5 4 56.8 58.0 53.0 1.0 1.8  1.3 1.2 307.5 304.2 311.7 311.3 
5 5 22.0 24.5 17.5 0.8 1.4 1.4 1.9 1.4 335.4 340.4 343.3 348.3 
5 6 15.3 22.5 22.0 0.5 2.2  1.4 2.1 280.4 290.0 285.4 291.3 

 
 
 
 
 
 


