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ABSTRACT 


This thesis examined vegetation change over the last 43 years in Australia’s largest 

contiguous alpine area, the Kosciuszko alpine zone in south-eastern Australia. Using 

historical and current data about the state of the most common vegetation 

community, tall alpine herbfield, this thesis addressed the questions: (1) what were 

the patterns of change at the species/genera and life form levels during this time 

period; (2) what were the patterns of recovery, if recovery occurred, from 

anthropogenic disturbances such as livestock grazing or trampling by tourists; (3) 

what impacts did natural disturbances such as drought have on the vegetation and 

how does it compare to anthropogenic disturbances; and (4) What are the benefits, 

limitations and management considerations when using long-term data for assessing 

vegetation changes at the species/genera, life form and community levels? 

The Kosciuszko alpine zone has important economic, cultural and ecological values. 

It is of great scientific and biological importance, maintaining an assemblage of 

vegetation communities found nowhere else in the world. It is one of the few alpine 

regions in the world with deep loamy soils, and contains endemic flora and fauna and 

some of the few periglacial and glacial features in Australia. The area also forms the 

core of the Australian mainland’s most important water catchment and is a popular 

tourist destination, offering a range of recreational opportunities. 

The vegetation of the Kosciuszko alpine zone is recovering from impacts of livestock 

grazing and is increasingly exposed to pressures from tourism and anthropogenic 

climate change. At the same time, natural disturbances such as drought and fire can 

influence the distribution, composition and diversity of plants. Thus, there is a need 

for detailed environmental data on this area in order to: (1) better understand 

ecological relationships; (2) understand existing and potential effects of recreational 

and management pressures on the region; (3) provide data against which future 

changes can be assessed; and (4) provide better information on many features of this 

area, including vegetation, for interpretation, education and management. The 

research in this thesis utilised three types of ecological information: (1) scientific 

long-term datasets; (2) photographic records; and (3) a comparison of disturbed and 

undisturbed vegetation. 
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This research analysed data from one of the longest ongoing monitoring programs in 

the Australian Alps established by Alec Costin and Dane Wimbush in 1959. 

Permanent plots (6 transects and 30 photoquadrats) were established at two locations 

that differed in the time since grazing and have been repeatedly surveyed. Plots near 

Mt Kosciuszko had not been grazed for 15 years and had nearly complete vegetation 

cover in 1959, while plots near Mt Gungartan showed extensive impacts of grazing 

and associated activities which only ceased in 1958.  

Some transect data from 1959 to 1978 have been analysed by the original 

researchers. The research presented in this thesis extends this monitoring program 

with data from additional surveys in 1990, 1999 and 2002 and applies current 

methods of statistical evaluation, such as ordination techniques, to the whole data set 

for the first time. Results indicated that the recovery from livestock grazing and the 

effects of drought have been the main factors affecting vegetation. Recovery from 

livestock grazing at the three transects at Gungartan was slow and involved: (1) 

increasing genera diversity; (2) increasing vegetation cover; (3) decreasing amounts 

of bare ground; and (4) a directional change over time in species composition. 

Patterns of colonisation and species succession were also documented. In 2002, 44 

years after the cessation of grazing, transects near Mt Gungartan had similar 

vegetation cover and genera diversity to the transects near Mt Kosciuszko, but cover 

by exposed rock remained higher. A drought in the 1960s resulted in a temporary 

increase of litter and a shift in the proportional cover of life forms, as grasses died 

and herb cover increased at both locations. Proportions of cover for life forms 

reverted to pre-drought levels within a few years. The results also highlighted the 

spatial variability of tall alpine herbfield. 

The photoquadrats were surveyed in the years 1959, 1964, 1968, 1978 and 2001 and 

are analysed for the first time in this thesis. After comparing a range of methods, 

visual assessment using a 130 point grid was found to be the most suitable technique 

to measure vegetation cover and genera diversity. At the 18 quadrats near Mt 

Gungartan, there was a pattern of increasing vegetation cover as bare areas were 

colonised by native cudweeds and the naturalized herb Acetosella vulgaris. 

Revegetation from within bare areas largely occurred by herb species, while 

graminoids and shrub species predominately colonised bare ground by lateral 
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expansion from the edges, eventually replacing the colonising herbs. At the 12 

quadrats near Mt Kosciuszko, vegetation cover was almost complete in all years 

surveyed except 1968, which was at the end of a six year drought. Similar to the 

results from the transect study, the drought caused an increase in litter at both 

locations as graminoid cover declined. Initially herb cover increased, potentially as a 

result of decreased competition from the graminoids and a nutrient spike from 

decaying litter, but as the drought became more severe, herb cover also declined. 

Graminoid cover rapidly recovered after the drought, reaching pre-drought levels by 

1978, and was at similar levels in 2001. Herb cover continued to decline after 

peaking in 1964. The photoquadrat study also documented the longevity and growth 

rates of several species indicating that many taxa may persist for several decades. It 

further provided insights into replacement patterns amongst life forms. 

In addition to assessing vegetation change following livestock grazing and drought at 

the long-term plots, recovery from tourism impacts was examined by comparing 

vegetation and soils on a closed walking track, with that of adjacent undisturbed tall 

alpine herbfield at a series of 22 paired quadrats. Fifteen years after the track was 

closed there was limited success in restoration. Over a quarter of the closed track was 

still bare ground with non-native species the dominant vegetation. Plant species 

composition differed and vegetation height, soil nutrients and soil moisture were 

lower on the track which had a higher compaction level than adjacent natural 

vegetation. 

The results presented in this thesis highlight that tall alpine herbfield is characterised 

by nearly entire vegetation cover which is dominated by graminoids, followed by 

herbs and shrubs in the absence of disturbance by livestock grazing, trampling or 

drought. The studies also showed that under “average” conditions, the relative cover 

of herbs and graminoids remained fairly stable even though there can be considerable 

cycling between them. Spatial variability in terms of taxa composition was high. The 

only common introduced species in unrehabilitated sites was Acetosella vulgaris, 

which was effective at colonising bare ground but was eventually replaced by other 

native species. However, in areas actively rehabilitated, such as on the closed track, 

non-native species introduced during revegetation efforts still persist with high cover 

15 years after their introduction. 
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Monitoring of vegetation change is also important at the landscape scale. This thesis 

provides a review of the potential use, the limitations and the benefits of aerial 

photography to examine vegetation change in the Kosciuszko alpine zone. Numerous 

aerial photography runs have been flown over the area since the 1930s for 

government agencies, industry and the military. Some of these records have been 

used to map vegetation communities and eroding areas at a point in time. Other 

studies compared different types and scales of photographs, highlighting in particular 

the benefits and potential of large scale colour aerial photography to map alpine 

vegetation. However, despite their potential to assess vegetation change over time, a 

temporal comparison of vegetation in the Kosciuszko alpine zone from aerial 

photographs has not been completed to this date. Historical photographs may not be 

easy to locate or access and difficulties with vegetation classification may restrict the 

practicality of using historical aerial photographs to assess vegetation change. 

Despite these issues, aerial photography may provide a very useful and efficient tool 

to assess changes over time when applied appropriately, even in alpine environments. 

The development of digital classification techniques, the application of statistical 

measures of error to both methodology and data, and the application of geographic 

information systems are likely to further improve the practicality of historical aerial 

photographs for the detection of vegetation change and assist in overcoming some of 

the limitations. 

The results presented in this thesis highlight the need for limiting disturbance, for 

ongoing rehabilitation of disturbed areas and for long-term monitoring in the 

Kosciuszko alpine zone. The results contribute to our understanding of how 

vegetation may change in the future and may be affected by new land use activities 

and climate change. This type of information, which otherwise would require the 

establishment of long-term studies and years of monitoring, can assist land managers 

of this and other important protected areas. The study highlights how the use and 

expansion of already existing datasets to gather ecological information can save 

considerable money and time, providing valuable data for current and emerging 

issues. 
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TERMINOLOGY 

In the context of this thesis the following terms are used to mean: 

�	 Alpine zone: the area above the treeline, which in Kosciuszko National Park lies 

at approximately 1830 metres. 

�	 Ecological change: change occurring at the scale of decades (10 to 50+ years). 

�	 Graminoids: sedges, rushes and grasses combined. 

�	 Intrinsic values: values that people attribute to the knowledge that the 

environmental attributes exist (ISC 2002). 

�	 Kosciuszko alpine zone: the contiguous alpine zone around Mt Kosciuszko and 

in the context of this thesis including the adjacent alpine area around Mt 

Gungartan. 

�	 Option values: values held by people who want the resource to be there in the 

future for their own personal use or the personal use of others (ISC 2002). 

�	 Percent cover in the herb layer: (number of hits/number of points measured) x 

100. 

�	 Percent overlapping cover: (number of hits of species/total number of hits of 

vegetation) x 100. 

�	 Snow line: Lower boundary of areas with at least one month of continuous snow 

cover per year. 

�	 Tall alpine herbfield: vegetation that consists predominately of species typical 

of the Celmisia-Poa alliance (sensu Costin et al. 2000), but which may include 

Chionochloa frigida, and/or some sod tussock grassland species. 

�	 Tourism: describe the activities of tourists or visitors to the area. The term 

tourism in this thesis largely refers to summer tourism activities, as the current 

level of winter activities in the alpine zone is low and appears to have little 

impact on the vegetation due to the protective snow cover. 

�	 Tourist and Visitor: used interchangeably to describe any person visiting the 

area, independent of whether they are paying for the experience as part of a tour 

package or they are an independent traveller or a local visiting the area. 
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1 GENERAL INTRODUCTION 


1.1 INTRODUCTION 

Ecosystem conservation is becoming increasingly important amid global trends of 

declining biodiversity, multiplying land use activities and mounting external 

pressures such as enhanced climate change (Brereton et al. 1995; Graetz et al. 1995; 

Buckley 1999a). Mountain areas contain some of the last relatively undisturbed 

terrestrial ecosystems due to their generally remote locations and harsh 

environments. These environments often exhibit high species diversities in relatively 

small areas due to an extensive range of microclimates arising from exaggerated 

environmental gradients (Urbanska and Chambers 2002).  

In many areas of the world, mountain areas are extensively used for forestry, 

livestock grazing, mining and tourism. Anthropogenic pressures arising from such 

activities can dramatically increase the rate and extent of change occurring in 

dynamic natural ecosystems (UNEP WCMC 2002). Negative impacts from human 

land use can, however, be limited through planning and management. At the same 

time, stabilisation and restoration efforts are often required to mitigate effects of 

previous land use activities (Cole 1981). A sustainable management response to deal 

with such pressures requires a detailed understanding of the ecology of the 

ecosystems, including the response to anthropogenic disturbances and subsequent 

recovery processes (Buckley 1999a; Zabinski and Cole 1999; Yoccoz et al. 2001). 

An understanding of the recovery patterns, rates, and processes is of particular 

importance for alpine ecosystems. Alpine ecosystems are subject to very severe 

climatic conditions and have short growing seasons. These factors contribute to the 

slow growth of plants and may cause rapid deterioration of vegetation and soils in 

disturbed areas (e.g. by natural events such as needle ice formation and wind erosion) 

(Körner 1999; Urbanska and Chambers 2002). Existing sources of ecological 

information, such as scientific studies (especially when spanning a decade or more), 

remotely sensed imagery and historical documentation, may provide important data 

on these processes and patterns of change. Such information may be available 
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already and could be used immediately without having to wait for results from newly 

established monitoring programs. 

This chapter provides a global context for the importance and characteristics of 

mountain ecosystems and specifically alpine zones. The need for understanding 

ecological change, in order to manage protected mountain environments sustainably, 

is highlighted; and in this context, the objectives and structure of this thesis are 

outlined.  

1.2 MOUNTAIN ECOSYSTEMS 

1.2.1 Importance 

Mountain areas cover about 27 percent1 of the earth’s land surface (Table 1.1) 

(UNEP WCMC 2002). The greatest component (12.2%; 17.9 million km2) is in 

Eurasia, while only one percent (1.4 million km2) covers the Australasia and 

Southeast Asia region (Table 1.1). Mountain areas have important economic, cultural 

and ecological values. About 10 percent of the world’s population live in mountain 

regions and more than 40 percent depend in some way on mountain resources such 

as water from mountain catchments for drinking and irrigation (Messerli and Ives 

1984; Hamilton 2002). Some mountain areas, such as the European Alps, have been 

utilised sustainably for agricultural purposes for millennia, while other areas, such as 

the Australian Alps, have experienced little anthropogenic influence until relatively 

recently (since the arrival of Europeans) (Bock et al. 1995; Patzelt 1996). Common 

land uses in mountain areas during the last century include forestry, mining, 

development of water and energy resources (e.g. hydroelectricity) and tourism 

(UNEP WCMC 2002). All of these activities have the potential to change the 

ecology of such areas. 

1 Using the UNEP WCMC definition based on elevation and slope (cf. UNEP WCMC 2002). 
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Table 1.1 Global land cover of mountain areas by region (UNEP WCMC 2002). 

Area 
Region (million km2) (percentage) 
Eurasia 17.9 12.2 
Antarctica 6.3 4.3 
North & Central America 5.9 4.0 
Africa 4.2 2.9 
South America 3.4 2.3 
Australasia & Southeast Asia 1.4 1.0 
Greenland 1.0 0.7 
World non-mountain land 107.0 72.7 
TOTAL 147.1 100 

Mountains have important cultural values and through their history may represent 

spiritual values, national sentiment, and ethnic and linguistic diversity (Hamilton-

Smith 2002; Sullivan and Lennon 2002; UNEP WCMC 2002; Hamilton 2003). 

Mountain areas also hold inspirational aesthetic values, option values2, and intrinsic 

values3 (Primack 1998; ISC 2002). Thus, people value the mere existence of the 

mountain ecosystems and the opportunity to preserve these environments for future 

generations. 

Mountain areas fulfil many ecological functions and are of great scientific and 

biological importance (Cebon et al. 1998; Körner 1999; Hamilton 2003). They 

contain much of the world’s biological diversity in their heterogeneous environments 

and often have high species richness and endemism compared to adjacent lowlands 

(Hamilton 2002; UNEP WCMC 2002). Due to their generally harsh, inaccessible and 

remote environments, many of these high altitude ecosystems have retained 

vegetation in a relatively natural state and thus represent some of the last wilderness 

reserves in highly populated parts of the world (Körner 1999). Many of these 

ecosystems have been protected in parks and reserves which were established to 

protect biodiversity, scenery, and to provide recreational opportunities (Sheppard 

2002; UNEP WCMC 2002). For example, 79 percent of the alpine bioregion of 

Australia is conserved in a series of linked protected areas (Pulsford et al. 2003). 

Globally, about 32 percent of protected areas are in mountain regions (UNEP 

WCMC 2002). 

2 Values held by people who want the resource to be there in the future for their own personal use or 

the personal use of others (Primack 1998). 

3 Values that people attribute to the knowledge that the environmental attributes exist (Primack 1998). 
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1.2.2 Characteristics 

There are three commonly recognised vegetation zones in mountain areas: (1) the 

alpine zone, which refers to the treeless environment between the zone of permanent 

snow and ice cover (nival zone) and the treeline; (2) the subalpine zone (sometimes 

referred to as treeline-ecotone), between the treeline and the winter snowline4; and 

(3) the montane zone (areas with snow falls, but mean mid-winter temperatures 

greater than 0°C) (Costin 1957; Körner 1999). Alpine vegetation is dominated 

largely by graminoids, forbs, perennial cushions, rosette plants and shrubs, while 

subalpine and montane vegetation is dominated largely by trees, shrubs and 

graminoids (Urbanska and Chambers 2002). Worldwide, alpine vegetation zones 

make up nearly three percent of the terrestrial surface (Körner 1999). Over 80 

percent is in the northern hemisphere, including the Rocky Mountains in North 

America, the European Alps, the Himalayas and the northern sections of the Andes 

(Figure 1.1) (Körner 1999). Alpine zones in the southern hemisphere are confined 

largely to the southern sections of the Andes, New Guinea, Australia, New Zealand 

and Tierra del Fuego. Only 1.5 percent of the global alpine areas are located between 

the southern latitudes of 30° and 40° (Körner 1999). This band includes the 

Australian alpine zones. 

Overall, about 10,000 species of higher plants occur in alpine zones (about 4% of all 

known higher plants) (Körner 1999). Factors such as geographic isolation, climatic 

changes, glaciation, and tectonic uplift have resulted in strong microhabitat 

differentiation and vegetation heterogeneity (Körner 1999; UNEP WCMC 2002). At 

a regional scale (< 100 km2), flora diversity averages at roughly 250 higher plant 

species from around 40 families (Körner 1999). The most diverse plant families in 

alpine zones are Asteraceae and Poaceae, while Brassicaceae, Caryophyllaceae, 

Cyperaceae, Rosaceae and Ranunculaceae are also important components of the flora 

(Körner 1999). 

4 The lower boundary of areas with at least one month of continuous snow cover per year. 
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Figure 1.1 Global distribution of alpine zones (shaded black) which cover nearly three 

percent of the Earth’s land area (adapted from Körner 1999). 

Climate strongly influences the type and distribution of plants in the alpine zone (ISC 

2002; Urbanska and Chambers 2002). Alpine areas throughout the world have some 

common macroclimatic features such as low atmospheric pressure (resulting in low 

CO2 content), low air moisture content, low temperatures, unpredictable weather 

patterns and high maximum solar radiation5 (Körner 1999; Urbanska and Chambers 

2002). Alpine zones at temperate latitudes also commonly experience strong winds 

and, due to periods of snow cover, short growing periods (Billings 1974; Green and 

Osborne 1994; Körner 1999; Costin et al. 2000; UNEP WCMC 2002). 

Low temperatures and snow strongly influence the distribution of plant species. Low 

temperatures during snow-free periods can result in mechanical stress to plants such 

as from freezing, frost heave and needle ice (Costin and Wimbush 1973, Körner, 

1999 #712). Snow cover can protect vegetation from temperature extremes, winter 

desiccation, ice blast and solar radiation (Billings and Mooney 1968; Körner 1999; 

Costin et al. 2000). Temperature fluctuations in alpine environments can be large, 

such as in the Australian Alps where the diurnal temperature range is frequently 

5 But otherwise similar radiation doses due to an increase in the relative frequency of local cloud 
cover with altitude. 
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30°C or more during the snow-free months (Costin 1957; Green and Osborne 1994). 

Ultraviolet radiation can also be very high, particularly during clear days (Billings 

and Mooney 1968; Good 1992a; Green and Osborne 1994; Körner 1999; Costin et 

al. 2000). 

Wind may cause mechanical damage to plants, increase the chilling factor and shift 

the snow cover, either exposing plants to frost, or shortening their growing season by 

burying them under long-lasting snowdrifts (Urbanska and Chambers 2002). 

While macroclimate provides the framework for alpine ecosystems, microclimate 

(climate at the plant/soil surface) may be more important at a local scale. 

Microclimate is largely determined by solar radiation, slope, exposure, plant stature 

and canopy structure (Körner 1999). The small-scale multitude of microclimates and 

stresses, together with edaphic patterns created by relief, explain the high biological 

diversity in the alpine zone (Körner 1999; Costin et al. 2000; UNEP WCMC 2002). 

1.2.3 Ecological change6 

Mountain landscapes are dynamic ecosystems where natural changes may be cyclical 

(repeatedly moving through different states over time) or successional (directional, 

leading to new states) processes, converging on relatively stable climax states 

(Austin 1981; Cairns 1995; Körner 1999). Small scale natural ecological change is 

generally gradual and may be imperceptible even over centuries. At a larger scale, 

more rapid changes may be observed particularly in response to specific disturbance 

events (e.g. drought, floods, landslides, etc.). Since such natural disturbances have 

often shaped the biota and influenced abiotic factors for millennia, the recovery from 

natural disturbance events is generally fairly rapid. In contrast, anthropogenic 

disturbances may accelerate, advance or divert and interrupt natural processes and 

ecosystem dynamics and thus can threaten the persistence of natural ecosystems 

(Messerli and Ives 1984; Körner 1999). Anthropogenic activities such as deliberate 

burning or mechanical clearing of vegetation often cause very rapid, severe, and 

long-lasting changes (Graetz et al. 1995; Körner 1999). 

6 Ecological change in the context of this thesis is defined as change occurring at the scale of decades 
(10 to 50+ years) and stands in contrast to geological or evolutionary change which can be measured 
on time scales of 105 to 107 years for higher plants. 
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Grazing, mining and tourism related activities are the most common detrimental 

anthropogenic influences in alpine environments (UNEP WCMC 2002). With the 

protection of many alpine areas in parks and reserves, incompatible activities such as 

grazing and mining have declined. Tourism, on the other hand, is generally 

increasing (Buckley 1999b). 

Negative impacts to vegetation from anthropogenic activities include changes to 

species richness, composition and cover due to trampling, selective grazing, 

deliberate burning, species introduction, and secondary impacts such as erosion 

(Buckley 1999a). More recently, anthropogenic climate change, a global scale issue, 

has also been associated with an altitudinal shift in the distribution of plant species 

(Grabherr et al. 1994; UNEP WCMC 2002). 

Negative impacts can be activity and site specific. The time, type and duration of 

activities, as well as the biotic and abiotic characteristics of a site, all influence the 

severity of impacts. Ecosystems are interdependent, and degradation of one 

component or area is likely to affect other components and areas. For example, soil 

erosion due to vegetation removal at campsites may diminish the water quality of a 

nearby lake, potentially affecting the aquatic fauna (Cole and Ranz 1983). Such 

negative impacts may, however, be limited or even avoided through appropriate 

planning and management of land use activities. 

1.3 MANAGING NATURAL AREAS 

With an increase in public awareness of environmental issues towards the end of the 

20th century, demand for reliable environmental data at a range of spatial scales has 

increased (Alexander and Millington 2000). At the same time, increasingly powerful 

remote sensing and geographical information systems technologies have influenced 

the ways of acquiring, analysing and reporting environmental data (Alexander and 

Millington 2000). 

Sustainable management requires a strong commitment to assessing and monitoring 

the environment, including natural and anthropogenic changes and testing the 

effectiveness of management tools before impacts become irreversible (Kirkpatrick 

and Brown 1991; Clarke 1998; Buckley 1999b). Effective protected area 

management is crucial, as impacts of land use activities can adversely affect the 

7




ecological and economic base of many parks and reserves (Buckley 1990; Worboys 

et al. 2001). Monitoring in parks and reserves is, however, often at the “eyeball 

level” and thus management action may not be taken until impacts are obvious, 

leaving few options (Buckley 1999b). 

The gathering and application of information on natural systems, and changes 

occurring in them, is fundamental to sustainable management (Costin 1955b; 

Buckley 1990; Worboys et al. 2001). Better information about the resilience of 

different sites and about the ability of disturbed sites to recover will allow more 

informed management decisions (Costin 1955b; Marion and Cole 1996). Ecological 

information is thus required about: (1) the state of the ecosystem and its components 

(baseline); (2) environmental change, both by natural causes and anthropogenic 

factors; and (3) past impacts and their recovery. This is particularly important in 

mountain environments, where relatively small changes can have severe 

consequences (e.g. sheet erosion on a steep slope following trampling damage) and 

where recovery is slow (Costin et al. 2000). 

1.4 MEASURING ECOLOGICAL CHANGE 

For some mountain areas, information about past and current states may already be 

available and can be utilised to examine changes over time. Scientific studies and 

natural history provide much of this knowledge. The timespan over which an 

ecosystem is assessed can determine the type of information that is available. 

Shorter-term (< 5 yrs) studies and surveys can capture the present state of an 

environment and are often used to assess seasonal changes (e.g. Green 1997; Bridle 

and Kirkpatrick 2001; Buckland et al. 2001; Stock and Pickering 2002) or for pre-

and-post impact assessment (e.g. Strehlow et al. 2002). Such field studies may, 

however, be affected by shorter-term climatic conditions (e.g. persistent freezing 

conditions without a protective cover by snow), which could distort the results. 

Longer-term (10 to 50+ yr) studies may be able to examine longer-term trends, 

cyclical patterns, and provide information on longer-term stability of systems, the 

recovery process from disturbance and the timeframe involved (e.g. Wimbush and 

Costin 1979a, b, c; Lunt 1998; McDougall 2001; Roques et al. 2001). Longer-term 

vegetation studies, for example, can provide information on: (1) the temporal 

patterns of vegetation change (what is happening?); (2) successional patterns in 
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response to particular events (why is it happening?); and (3) interactions contributing 

to successional change (how is it happening?) (Bakker et al. 1996). Vegetation 

studies over 10 to 50 years may facilitate the description of the effects of external 

causes of change (e.g. low rainfall) and the generation of hypotheses on internal 

causes and mechanisms of change (e.g. species competition, allelopathy) (Bakker et 

al. 1996). For example, permanent plots monitored for several years or preferably for 

decades are considered to be central to the assessment of mechanisms and causes of 

vegetation dynamics and successional change (Austin 1981; Bakker et al. 1996; 

Herben 1996). 

Nevertheless, ecological studies examining vegetation change over periods of more 

than 50 years are rare. Notable examples are a study by Grabherr et al. (1994) which 

revisited vegetation plots established by Braun-Blanquet in the European Alps; and a 

study by Harmer et al. (2001) describing the development of secondary woodland on 

abandoned arable land in England. Studies spanning 10-50 years are few, but include 

several important examples from the Australian Alps. These are namely the grazing 

exclusion plots in the Bogong High Plains established by Carr and Turner (1959b) 

and reassessed by Wahren (1997), and grazing trials and range transects established 

by Wimbush and Costin (1979a; 1979b; 1979c) at Kosciuszko. 

Given the wealth of information to be gained from longer-term studies, much of 

which cannot be assessed by shorter-term studies, it is important to measure change 

at a scale of 10 to 50+ years. Such longer-term monitoring can provide a sound 

scientific basis for decisions by land managers and can assist in the development of 

sustainable management of natural areas. 

Historic sources of long-term information about the vegetation of mountain areas 

may include scientific studies, documented observations of naturalists, photographic 

records, maps and anecdotal sources (cf. Lawrence 1990). The use of different types 

of data can provide information at a range of scales and about various components of 

vegetation change. By utilising existing information about past states, it is possible to 

quantify changes that have occurred and to assess how past influences have affected 

the flora. Such sources may also provide reliable information for predictions of 

potential impacts from future activities/events (Buckley 1990). 
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1.5 RATIONALE 

This thesis examines longer-term (10-50 yr) vegetation change in Australia’s largest 

contiguous alpine area, the Kosciuszko alpine zone in southeast New South Wales. 

The study addresses the growing need for information about changes in alpine 

ecosystems, both natural and in response to anthropogenic influences. The vegetation 

of the Kosciuszko alpine zone is recovering from the impacts of livestock grazing 

and is increasingly exposed to impacts from tourism and anthropogenic climate 

change. By utilising three sources of ecological information in order to monitor long-

term vegetation change: (1) scientific long-term datasets; (2) photographic records; 

and (3) a comparison of disturbed and undisturbed sites; this thesis aims to provide a 

better understanding of past and ongoing changes, the response of ecosystems to 

specific impacts and the recovery process following disturbance. The strengths and 

limitations of the different monitoring methods are highlighted. This information will 

contribute to our understanding of possible future changes and potential impacts of 

new land use activities. It can be used to assist current land managers in making 

informed decisions, which otherwise would require the establishment of long-term 

studies, years of monitoring, and would possibly provide little information for 

several years (Cullen and Turner 1986). It may also save considerable costs and time 

by utilising and expanding already existing datasets to gather information. Existing 

studies may further provide a good understanding of the underlying vegetation 

dynamics and could assist in the fine-tuning of the experimental set-ups of 

international monitoring programs, such as the Global Observation Research 

Initiative in Alpine Environments (GLORIA) and the International Tundra 

Experiment (ITEX), to achieve maximum sensitivity (Pauli et al. 2001). 

This thesis builds on research started with the establishment of permanent plots in the 

Kosciuszko alpine zone in the late 1950s. Not only does it extend these long-term 

studies by an additional twenty years through renewed sampling, it also incorporates 

the existing dataset into the current study and applies current data analysis methods, 

such as ordination techniques, enhancing our understanding of this unique alpine 

ecosystem. The long-term focus of this thesis is continued through the assessment of 

the state of recovery of a closed walking track. The thesis provides information about 

the rate and patterns of recovery from disturbances by livestock grazing and tourism; 
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gives insights into the effects of climatic variation on the vegetation; and provides 

information about trends and patterns in life forms, genera and individual plant 

species. Further to contributing to the ecological understanding of the Kosciuszko 

alpine zone vegetation, this thesis demonstrates ways in which a variety of 

techniques can be used to assess long-term vegetation change and reviews the use of 

aerial photography to assess landscape level changes. Benefits, limitations and 

management considerations for the use and continuation of vegetation monitoring in 

the Kosciuszko alpine zone are addressed. 

1.6 RESEARCH QUESTIONS 

Using historical and current data about the state of the dominant vegetation 

community in the Kosciuszko alpine zone over the past 50 years, the following 

questions are addressed in this thesis: 

(1) What were the patterns of change at the species/genera and life form levels 

during this time period (Chapters 3, 4 and 5)? 

(2) What were the patterns of recovery, if recovery occurred, from anthropogenic 

disturbances such as livestock grazing or trampling by tourists (Chapters 4, 5 and 6)? 

(3) What impacts did natural disturbances such as drought have on the vegetation 

and how does it compare to anthropogenic disturbances (Chapters 4, 5 and 6)? 

(4) What are the benefits, limitations and management considerations when using 

long-term data for assessing vegetation changes at the species/genera, life form and 

community levels (Chapters 5, 7 and 8)? 

1.7 THESIS OUTLINE 

This thesis is presented as a series of chapters with the overall theme of long-term 

(10 to 50 year) vegetation change in the alpine zone and is structured in accordance 

with the techniques used to measure such changes, namely permanent transects, 

permanent photoquadrats, paired quadrats, and aerial photography. 

Chapter 1 provides a general introduction to mountain environments, environmental 

changes in alpine environments, monitoring and management.  
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Chapter 2 introduces the Australian and local context of the study and provides 

background information on the Kosciuszko alpine zone. 

Chapter 3 reviews the literature on vegetation dynamics in the Kosciuszko alpine 

zone. 

Chapter 4 reports on the results of a long-term transect study and evaluates patterns 

of vegetation recovery from former anthropogenic impacts and drought. 

Chapter 5 reports on the results of a long-term photoquadrat study, evaluates trends 

and patterns in alpine vegetation and compares between two locations with different 

land use histories. 

Chapter 6 presents the results of a paired quadrat study examining the state of a 

closed walking track in comparison to adjacent natural vegetation. 

Chapter 7 discusses and reviews the use of aerial photography for long-term 

vegetation assessment in the Kosciuszko alpine area. 

Chapter 8 presents an overall discussion and conclusions linking the previous 

chapters, offers recommendations for management, and suggests directions for future 

research. 

To allow the results chapters to be read as stand alone studies, there is some minor 

repetition between the introductory chapters and the introductions of the results 

chapters. 
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2 THE KOSCIUSZKO ALPINE ZONE 


2.1 THE AUSTRALIAN ALPS 

The Australian Alps cover a small but nationally and internationally important area 

of the Australian continent. They form the southern end of the Great Dividing Range, 

which runs parallel to Australia’s east coast for over 2000 km, about 50 to 150 km 

inland. The Australian Alps extend from the high country of the Australian Capital 

Territory (ACT), through the Snowy Mountains in New South Wales (NSW) to the 

highlands of Victoria (Figure 2.1). Other alpine and subalpine areas are found in 

Tasmania, south of the Australian mainland (Figure 2.1). 

The Australian Alps are distinctive in many ways in relation to mountain areas 

worldwide (Wardle 1989; Good 1992d; Kirkpatrick 2003). Important characteristics 

include aspects of soils, flora, fauna, climate, and particularly their comparatively 

low-set topography. Many of the values of the Australian Alps are found in the 

differences from, rather than conformity to, the stereotypic images of steep slopes, 

high rocky outcrops and towering mountain peaks, which are often associated with 

alpine areas elsewhere (Kirkpatrick 2003). Australia’s mountains are much older 

and, unlike the mountains of New Zealand or New Guinea which are still being 

uplifted, have experienced considerable weathering since their major periods of uplift 

(Ollier and Wyborn 1989). With milder Pleistocene conditions than in many other 

mountain regions, the Australian Alps experienced only weak glaciation (Good 

1992a). These factors all contributed to the area’s rounded, soil-mantled character 

that stands in contrast to the icy, rugged and sawtooth-like features of alpine areas in 

Europe, America or New Zealand (Costin 1955b; Kirkpatrick 2003). 
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Figure 2.1 Distribution of the Australian alpine and subalpine zones across the Australian 

Capital Territory, New South Wales, Victoria and Tasmania (adapted from Green 1998). 

The deep alpine humus soils cover almost the entire area and have formed 

independently of the underlying rock types (Costin 1955b). Environments with acid 

rocks, low nutrient vegetation and wet cold climates are generally favourable to the 

occurrence of podsolisation, and many alpine areas elsewhere have predominately 

shallow lithosolic and peaty soils (Costin 1955b; Corbett 1969). Factors contributing 
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to the development of the organically rich alpine humus soils include the 

accumulation of soil colloids and nutrients in the surface soils, vigorous 

decomposition and redistribution of plant remains by soil organisms (especially 

earthworms), accumulation of dust deposits from inland areas, and nutrient cycling 

by deep rooting plants and associated fungi (Costin 1955b; Johnston and Ryan 2000; 

Johnston 2001b; Costin 2002). 

The Australian Alps are the culmination of a spectacular and unique vegetation 

gradient from the Pacific Ocean to Mt Kosciuszko. A range of evergreen eucalypts 

dominate the vegetation assemblage from sea level to the tree line, with tussock 

grasses and large herbs becoming the dominant life-forms in the alpine zone 

(Morland 1959; McDougall 1982; Costin et al. 2000; Kirkpatrick 2003). 

Compared to most mountains elsewhere, which have been subject to centuries of 

human occupation and associated uses, the Australian Alps are in a relatively 

‘untouched’ state (Costin 2002). Its alpine biota has evolved in the absence of 

substantial grazing and trampling by vertebrates. Only recently, with the introduction 

of hard-hoofed livestock (e.g. cattle and sheep) and feral animals (e.g. pigs, horses 

and hares), has the vegetation been affected by large herbivores (Williams and Costin 

1994; Bridle 2000; Kirkpatrick 2003). 

Despite their comparatively gentle slopes, the Australian Alps have a high risk of 

erosion (Costin 1955b). The deep organo-mineral soils and almost entire vegetation 

cover, which developed effectively in the absence of native megafauna or 

agricultural activities, can be rapidly exposed or damaged by anthropogenic activities 

(Costin 1954; Good 1992a). Climatic factors such as strong temperature fluctuations, 

severe frost action during the snow-free months, frequent high-intensity summer 

storms and strong winds, can rapidly exacerbate such damage. Thus, less than two 

centuries of non-indigenous human use of the Australian Alps have resulted in 

considerable modification and damage to the environment, particularly changes in 

plant species composition, the reduction in vegetation cover and subsequent loss of 

the deep organic soils through erosion (cf. Chapter 3) (Costin 1955b; Good 1992a; 

Costin 2002; Costin et al. 2002). 
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2.2 THE KOSCIUSZKO ALPINE ZONE 

2.2.1 Introduction 

Australia’s largest contiguous alpine zone7, the Kosciuszko alpine zone, is protected 

within Kosciuszko National Park (6980 km2), the largest park in the Australian Alps 

(Good 1992a). The Kosciuszko alpine zone covers an area of about 100 km2 (Costin 

et al. 2000). It consists of an undulating plateau that gradually rises from the east to a 

series of north-south aligned peaks along the Main Range, and rapidly drops off 

towards steep valleys along the western side (Figure 2.2). The tree line is around 

1830 m which, like in many other mountain environments, coincides with a mean 

temperature during the warmest month of about 10°C (Körner 1999; Costin et al. 

2000). 

This study examined mostly sites which are within the contiguous alpine zone 

around Mt Kosciuszko, and some sites located at Gungartan, northeast of the 

contiguous alpine area but separated by a u-shaped valley (Figure 2.2). This valley at 

its highest point, Schlinks Pass (1800 m), is only 30 m below the average tree line in 

Kosciuszko National Park. Thus, in the context of this thesis the term “Kosciuszko 

alpine zone” is henceforth used to refer to the alpine zone around Mt Kosciuszko and 

the adjacent alpine area around Mt Gungartan. 

2.2.2 International recognition 

The Kosciuszko alpine zone, as part of Kosciuszko National Park, is internationally 

recognised under the UNESCO Man and the Biosphere Program as a World 

Biosphere Reserve, for its extraordinary alpine landscape of great ecological, 

economic and scientific importance (Mosley 1988; Good 1989, 1992a; Virtanen 

1993; Kirkpatrick 1994; Clarke 1998; Costin et al. 2000; Kirkpatrick 2003). It also 

contains Blue Lake, which is protected under the RAMSAR convention (ISC 2002). 

7 The term ‘alpine zone’ in the context of this thesis refers to the area above the tree line, which in 
Kosciuszko National Park lies at approximately 1830 m (Costin et al. 2000). 
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Figure 2.2 The Kosciuszko alpine zone in Kosciuszko National Park, New South Wales, 

Australia. 
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2.2.3 Environmental, cultural and economic values 

The Kosciuszko alpine zone has important environmental, cultural and economic 

values. Outstanding natural features include the highest point on the Australian 

continent (Mt Kosciuszko, at 2228 m); 21 endemic flowering plant species (i.e. 10% 

of the native flowering plants); periglacial and glacial features (which show the only 

clear evidence of mainland glaciation during the last glacial period and are an 

outstanding example of glaciation under marginal conditions); and great scenic 

values (Mosley 1988; NPWS 1988; Good 1992a; Galloway 2002; ISC 2002; 

Kirkpatrick 2003). The area maintains an assemblage of vegetation communities 

found nowhere else in the world (Costin et al. 2002). The integrity of the area’s 

vegetation underpins its value as a catchment area, tourism attraction and its 

scientific, educational and conservation values (Taylor 1958; Worboys and Pickering 

2002a). The Kosciuszko alpine flora combines species with links to plants from 

Tasmania, New Zealand, South America, South Africa, the old Antarctic continent 

and the boreal zone with species that reflect the area’s geographical isolation in traits 

of strong ecological distance and genetic divergence (Costin 1954; Costin and 

Wimbush 1972; Kirkpatrick 1982; Smith 1986; Good 1992a; Kirkpatrick 2003). 

Cultural values range from the history of Aboriginal use to activities since European 

settlement of the region.  Regional Aboriginal tribes converged on the area for the 

annual celebratory feast of Bogong moths (Lawrence 1990). The area has not been 

permanently inhabited by humans due to the hostile conditions during the winter 

months. More recent cultural values stem from the heritage of European 

explorations, subsequent botanical collection trips, livestock grazing, skiing and 

scientific research (Hamilton-Smith 2002; Sullivan and Lennon 2002; MacDonald 

2003). 

Economic values of the Kosciuszko alpine zone are closely related with, and 

dependent on, the environmental qualities of the area. The Kosciuszko alpine zone 

forms the core of the mainland’s most important water catchment (Good 1992a; 

Costin et al. 2002). It supplies the Snowy Mountains Hydro-electric Scheme, which 

has the capacity to produce up to 16% of the total power requirements of mainland 

south-eastern Australia at any one time (Snowyhydro 2003). Much of the water from 

the catchment is diverted inland to the semi-arid areas of the Murray-Darling basin, 
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providing a reliable supply of water which underpins the production of A$3 billion of 

irrigated agricultural products (Snowyhydro 2003). 

The Kosciuszko alpine zone is also an important tourist destination, providing 

recreational opportunities such as sightseeing, hiking and camping (NPWS 1988; 

Johnston and Pickering 2001b; Scherrer and Pickering 2001). Unlike cattle and sheep 

grazing, which was of minimal economic value at the best of times (cf. Scherrer and 

Pickering 2001), income derived from the area’s scenic and recreational values 

through tourism, now generates a considerable economic turnover and contributes to 

sustain the local community and businesses (Worboys and Pickering 2002b; Young 

2002; Mules and Stoeckl 2003). 

An intact vegetation cover is important to maintaining these economic benefits. The 

area’s spectacular flora, scenery and unique landscape features are an important 

attraction for visitors and disturbance of the ecosystem is also likely to detrimentally 

affect catchment quality (Costin and Wimbush 1972; Good 2003). Past, present and 

predicted anthropogenic pressures affecting the Kosciuszko alpine zone include: 

activities related to livestock grazing; tourism-related impacts; management 

activities; and enhanced climate change (cf. Chapter 3). An understanding of natural 

changes, the minimisation/elimination of anthropogenic disturbances to vegetation 

and soils, and the restoration of vegetation communities where disturbances have 

already occurred, is thus important both ecologically and economically. 

2.2.4 Climate 

The alpine zone of Kosciuszko National Park provides a low temperature 

environment that, in Australia, is restricted to high altitude areas of NSW, Victoria 

and Tasmania. The climate is influenced by continental westerly circulation systems 

as well as coastal effects from the southern coast of Australia (Brown and Millner 

1989). The north-south oriented mountain range intersects the prevailing west to east 

weather patterns, resulting in heavy precipitation over the mountains (Costin et al. 

2000). Measurable precipitation falls on about 150 to 170 days per year but has a 

strong peak during winter and spring and a distinct summer-autumn minimum 

(Appendix I, Table A 2). Average yearly precipitation is about 2000 mm, but varies 

considerably between years and over short distances, ranging from below 800 mm to 
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above 3400 mm (Bryant 1971a; Appendix I, Figure A 1 and Table A 2). Particularly 

dry conditions occurred during the period from 1961 to 1967 (commonly referred to 

as the 1960s drought) with annual precipitation of below 800 mm in 1967. Other dry 

periods occurred in the years 1972, 1982 and 2002 and during the summer of 

1977/78 (Wimbush and Costin 1979c; SMHEA 2001; BOM 2003; cf. Appendix I). 

While intense summer rains are common, most precipitation falls as snow during the 

winter months (Costin et al. 2000). Snow covers the area for the winter and most of 

spring, persisting on the semi-permanent snow patch slopes well into summer 

(Costin et al. 2000; Appendix I, Figure A 2). Even during summer, the alpine zone is 

subject to occasional snowfalls and frequent freeze-thaw activity (~170 cycles per 

year) (Costin and Wimbush 1973; Appendix I, Table A 2). The short growing season 

extends from about December to March (Mallen 1985). 

Mean temperatures along the Main Range at Kosciuszko have been estimated to be 

about 3°C (annual), 8°C (January) and -5°C (July) (Costin and Wimbush 1973). The 

diurnal range in temperatures during the snow-free period may frequently approach 

30°C or more (Costin 1957; Green and Osborne 1994).  

Winds are predominately north-westerly to south-westerly (Costin 1957). Persistent 

wind speeds of 75 km/h are common, with top speeds reaching in excess of 150 km/h 

(Keane 1977; Brown and Millner 1989). 

2.2.5 Soils 

The main soil type in the Australian Alps is the friable, coarse-textured alpine humus 

soil which covers the area almost completely (Costin 1986; Costin et al. 2000). 

Alpine humus soil is uniform in texture, low in available nutrients, acidic (pH 4-6) 

and rich in organic matter (5-30%) (Costin 1954, 1962). It sustains mainly tall alpine 

herbfield, sod tussock grassland and heath vegetation and occurs on all bedrock types 

and under most physiographic conditions, with the exception of a few rocky areas, 

some exposed windblown sites and very wet areas (Costin 1962; Totterdell and 

Nebauer 1973; Costin 1986; Good 1992a). The Australian alpine humus soils are 

substantially deeper (~0.3 to 1 m) than most high mountain organic soils found 

elsewhere in the world (Costin 1955a). 
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Other soil types in the alpine zone are of localised occurrence in response to 

particular environmental conditions and are coupled with specialised vegetation 

communities. For example, peat soils are found in areas with high water content 

which generally support bog, fen and occasionally short alpine herbfield 

communities (Costin 1955a; Costin et al. 2000). Organo-mineral meadow soils occur 

on snow patches or areas with a high water table, and commonly support short alpine 

herbfield vegetation (Costin 1954). Mineral lithosols are found on exposed wind 

blown sites which support largely feldmark communities (Costin 1954). 

At exposed sites, the soil surface may reach temperatures of 70°C or more and may 

freeze to a depth of 100 mm (Green and Osborne 1994). Soil moisture varies 

seasonally and is higher in winter (Green and Osborne 1994). The predominant rock 

types of the Kosciuszko alpine zone are granite with a band of altered sediments 

(Costin et al. 2000). 

2.2.6 Fauna 

The Kosciuszko alpine fauna is dominated by invertebrates. Native grasshoppers and 

the larvae of Oncopera alpina (Swift Moths) and Lomera caespitosae (Case Moths) 

are the main herbivores of the area (Costin 1954; Green and Osborne 1994; Williams 

and Costin 1994), while Diptera (Flies) are the most important pollinators (Inouye 

and Pyke 1988; Green 2002). Native mammals are few and small and include 

Mastacomys fuscus (Broad-toothed Rat), Antechinus agilis and A. swainsonii (Agile 

and Dusky Antechinus), Burramys parvus (Mountain Pygmy-possum) and Rattus 

fuscipes (Southern Bush Rat) (Green and Osborne 1994; Green 2002). Large native 

herbivores are essentially excluded from the alpine zone by long-periods of deep 

snow-lie during the winter months (McVean 1969; Williams and Costin 1994; Bridle 

2000). Introduced mammals such as Equus caballus (Horses), Sus scrofa (Feral Pigs) 

and particularly Lepus capensis (Hares) can sometimes be seen during the warmer 

months of the year (Green and Osborne 1994). Two species of snakes, nine species 

of skinks and two species of frogs have been recorded (Green and Osborne 1994). 

The most commonly encountered bird species are Corvus mellori (Little Ravens) and 

Anthus novaeseelandiae (Richard’s Pipits) (Green 2002). 
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2.2.7 Flora 

The Kosciuszko alpine zone is well known for the spectacular mass displays of 

alpine flowers during summer (Good 1992a; Costin et al. 2002). The flora consists of 

204 species of native flowering plants. Twenty-one of these are endemic and around 

30 taxa are exclusively alpine (Costin et al. 2000). The plant families Asteraceae 

(daisies), Poaceae (grasses), Cyperaceae (sedges), Apiaceae (carrot family) and 

Ranunculaceae (buttercups) have the highest species diversities. Three species 

(Euchiton nitidilus, Ranunculus anemoneus and Rytidosperma pumilum) are classed 

as vulnerable8. About 46 alien plant species have been recorded in the alpine zone, 

with the diversity and abundance increasing over time (Mallen 1986; Costin et al. 

2000; Johnston and Pickering 2001a). Fourteen species of alien plants are considered 

well established in the alpine zone, although they are generally associated with 

disturbance (Costin et al. 2000; Pickering et al. 2003a). 

The flora occurs as a mosaic of twelve vegetation communities: fen, valley bog, 

raised bog, short alpine herbfield, windswept and snowbank feldmark, two types of 

heath, sod tussock grassland, and three types of tall alpine herbfield (Figure 2.3) 

(Costin 1954; Costin et al. 2000). The distribution of these alpine vegetation 

communities reflects environmental conditions including topography (affecting 

distribution of snow and exposure to wind and sun), soil moisture content, nutrient 

availability and microclimate (Kirkpatrick and Bridle 1999; Costin et al. 2000). 

8 Under the Threatened Species Conservation Act 1995 and the Environment Protection and 
Biodiversity Conservation Act 1999. 

22




Figure 2.3 Distribution of the vegetation communities of the Kosciuszko alpine zone 

(adapted from Costin et al. 2000). Note: Tall Alpine Herbfield (Celmisia-Poa) also includes 

most areas of Sod Tussock Grassland (Poa–Rytidosperma). 
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The species rich tall alpine herbfield is the most prominent and widespread 

community. Over 60 percent of the area is vegetated by tall alpine herbfields and sod 

tussock grasslands (Figure 2.3) (Costin et al. 2000). The three types of tall alpine 

herbfield distinguished by Costin et al. (2000) are characterised by the presence and 

dominance of the genera: (1) Poa and Celmisia; (2) Brachyscome and 

Austrodanthonia; and (3) Chionochloa. The Celmisia-Poa alliance is the most 

widespread type of tall alpine herbfield (Good 1992a; Costin et al. 2000) and occurs 

on well-drained alpine humus soils (Costin 1954). It is very diverse in taxa (ca. 131 

species and varieties), about 100 of which are flowering herbs, 14 are grasses and 16 

are sedges or rushes (Costin 1954). Tall alpine herbfields exhibit spectacular 

colourful mass flowering during summer (Kirkpatrick 1989; Costin et al. 2000). 

In steeper and rockier areas, the Celmisia-Poa alliance is replaced by small 

fragmented communities of the Brachyscome-Austrodanthonia alliance (Costin 

1954; Costin et al. 2000). The third type of tall alpine herbfield is dominated by the 

tall broad-leafed tussock grass Chionochloa frigida. This species is highly palatable 

to livestock and disappeared from almost all but the most inaccessible slopes during 

the grazing years (Good 1992a; Costin et al. 2000). Since the cessation of grazing, 

however, the slow growing grass has made a spectacular recovery (Costin et al. 

2000) and has been observed growing amongst the Celmisia-Poa alliance (pers. obs. 

by author). 

With decreasing drainage, tall alpine herbfield is replaced gradually by sod tussock 

grassland. This alliance of Poa and Austrodanthonia occurs as small patches in moist 

flat valley bottoms or gentle sloping valleys in the upper reaches of the Snowy River 

(Costin et al. 1959). Grasses are more dominant in sod tussock grasslands (about 

70% of cover) than in tall alpine herbfields (about 50% of cover) (Costin et al. 1959; 

Costin 1966). The boundaries between tall alpine herbfield and sod tussock 

grassland, however, are usually gradual and their delineation may therefore be 

arbitrary. 

In this thesis the term ‘tall alpine herbfield’ is used to refer to vegetation that consists 

predominately of species typical of the Celmisia-Poa alliance (sensu Costin et al. 

2000), but which may include Chionochloa frigida, and/or some sod tussock 
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grassland species. The definition hence reflects the natural situation of the 

heterogeneous tall alpine herbfield communities. 

Areas of little drainage, and thus high moisture content, are vegetated mainly by 

valley and raised bogs. Valley bog, a Carex-Sphagnum alliance, occurs in areas of 

freestanding water and acid peat soil up to three metres deep (Costin 1954; Good 

1992a). Peat has significant water holding capacities. Raised bog, an Epacris-

Sphagnum alliance, occurs in small, but locally common, patches (Good 1992a) and 

is found most commonly on the hummocky uneven slopes of the eastern descents. 

Acid fen communities occur along water-courses and in flat areas where water is 

very slow moving. Fen communities are dominated by Carex gaudichaudiana and 

are the main source of peat beds (Costin 1954). Another water-dependent community 

is the ground-hugging and carpet-forming herb community, short alpine herbfield. It 

is dominated by Plantago and Neopaxia and occurs in outwash gravel areas below 

large snow patches that provide a flow of cold meltwater (Costin 1954; Good 1992a; 

Costin et al. 2000). 

In contrast to the highly water-dependent communities, feldmarks occur on exposed 

and relatively dry sites. Windswept feldmark is an alliance of Epacris and 

Chionohebe (Costin et al. 2000). It occurs in a treadlike pattern on wind exposed 

ridges. It is the most restricted plant community in the Kosciuszko alpine zone and 

occurs only in small patches between the peaks of Mt Twynam and Mt Kosciuszko 

(Figure 2.3). Considerable areas of this community were burnt in the 2003 fires. 

Snow patch feldmark, an alliance of Coprosma and Colobanthus, occurs on the 

upper edges of snow patches on exposed and shallow gravelly soils (Costin et al. 

2000). Heaths of woody shrubs occur in well-drained sheltered areas near rock 

outcrops, glacial moraines and along the rocky banks of watercourses; and where 

poor drainage and inadequate aeration limits the growth of herbs (Costin 1954; 

Costin et al. 2000). 

In addition to the communities of native species, an array of weed species may occur, 

particularly in disturbed areas such as along tracks, in gravel pits, and in some 

revegetated areas (Mallen-Cooper 1990; Costin et al. 2000; Pickering and Armstrong 

2003). Past and ongoing human disturbances  and natural processes which expose 

bare ground (e.g. trampling, livestock grazing, rooting by feral pigs and earth 
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hummocks) lead to opportunities for the establishment and spread of alien plants 

(Edwards 1977; Mallen-Cooper 1990; Johnston and Pickering 2001a). Such species 

may interrupt the natural process of succession (Pickering and Armstrong 2003). 

This thesis examines the longer-term temporal and spatial dynamics of tall alpine 

herbfield vegetation at several long-term sites within the Kosciuszko alpine zone. 

The following chapter provides a review of the vegetation dynamics influencing 

alpine communities and species, and discusses factors influencing grassland and 

herbfield vegetation in mountain environments, with particular reference to the 

Australian Alps. 
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3 VEGETATION DYNAMICS IN THE 

KOSCIUSZKO ALPINE ZONE 

3.1 INTRODUCTION 

Change is an ever-present aspect of natural environments. Ecosystems are constantly 

affected by a variety of pressures and influences which shape their biotic and abiotic 

components at timescales of years, decades, or centuries (Cairns 1995; Shugart 

1998). With increasing anthropogenic pressures at local, regional, and even global 

scales, an understanding of both the nature of change and the responses of natural 

systems to change is vital (Shugart 1998). 

Natural and anthropogenic disturbance events, climatic fluctuation, climate change, 

senescence, and threshold events can all influence short or longer-term vegetation 

patterns and processes (Figure 3.1).  

Disturbance Threshold events 
(secondary succession) (e.g. frost heave) 

Vegetation 

Senescence 

fluctuation 

Climatic 

Primary 
succession 

Climatic 

change (regeneration cycle) 

Figure 3.1 Simultaneous vegetation dynamics: some of the processes influencing vegetation 

(adapted from Austin 1981). 

Alpine grassland and herbfield communities are continually subjected to such 

vegetation dynamics even though they may appear stable at the community scale 

(Wimbush and Costin 1973, 1979c). Major natural factors in the Kosciuszko alpine 
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zone that affect vegetation include insect herbivory, senescence, drought, 

temperature extremes, and snow (Costin 1954; Wimbush and Costin 1979c; Good 

1992a; Kirkwood 2001; Johnston 2003). 

The main past and present anthropogenic influences on the area’s vegetation are 

activities related to livestock grazing, soil conservation practices and tourism (Costin 

et al. 2000; Worboys and Pickering 2002a). Enhanced climate change also has the 

potential to cause dramatic and widespread changes to vegetation (Stenström et al. 

1997; Sturm et al. 2001; Pickering and Armstrong 2003). The effects of climate 

change may be difficult to detect at present, as many changes currently occurring 

may still be the result of past grazing impacts (Scherrer and Pickering 2001). 

This chapter provides a brief review of the dynamics shaping the vegetation of alpine 

and arctic grassland and herbfield ecosystems, with particular reference to the 

Kosciuszko alpine zone. The effects of both natural and anthropogenic changes to 

herbfield and grassland communities are reviewed. Further, factors limiting the 

recovery of disturbed alpine areas and the occurrence of natural revegetation are 

discussed. 

3.2 NATURAL VEGETATION DYNAMICS 

Natural dynamics have influenced the structure and composition of vegetation 

communities in the Kosciuszko alpine zone since their formation. Factors such as 

climatic conditions, plant senescence, herbivory by native fauna, and wildfires 

continue to contribute to the high temporal and spatial diversity within alpine 

communities (Good 1992a; Costin et al. 2000). Indeed, to maintain the dominance of 

herbs in tall alpine herbfield, a continual disturbance regime may be necessary (Carr 

and Turner 1959b; McVean 1969; Kirkpatrick 1989; Bridle 2000). 

Tall alpine herbfields naturally have an almost complete vegetation cover, with little 

bare soil (Wimbush and Costin 1979c; Costin et al. 2000). Natural disturbances 

causing plant death often result in a temporary litter layer, until the area is colonised 

by seedlings or revegetated by clonal spread or lateral extension of adjacent plants. 

Unlike anthropogenic activities, natural disturbance events in the alpine zone rarely 

result in bare soil. 
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Natural changes may be gradual (e.g. senescence) or abrupt (e.g. wildfire). At a scale 

of decades, many natural changes in the vegetation appear to be cyclical. Examples 

of such patterns may be the long-term cycles in shrubland-grassland patterns 

observed in the high country of Victoria (Williams 1985; Williams and Ashton 1988; 

Ashton and Williams 1989; Williams 1992; Wahren 1997), or the successional 

patterns following insect damage to vegetation in the Kosciuszko alpine zone (Costin 

1954; Kirkwood 2001). 

3.2.1 Climatic influences 

Climatic factors such as temperature and precipitation may affect short-term 

vegetation patterns. In the Kosciuszko alpine zone, vegetation experiences high 

precipitation, cold temperatures, and snow-cover in the winter months (cf. Chapter 

2). Long lying snow may delay vegetative growth, limiting seasonal vegetation cover 

(Costin et al. 1969; Wimbush and Costin 1979c; Good 1998). Drought may cause 

plant stress and even mortality, resulting in increases of litter and decreases in 

vegetation cover (Wimbush and Costin 1979c). Regular frosts may limit the 

establishment and growth of plants, while strong winds, precipitation and the 

formation of needle ice contribute to the erosion of soil from exposed areas and thus 

the loss of nutrients and organic matter (Costin and Wimbush 1973). With such harsh 

climatic conditions, the lifespan of plants plays an important role in maintaining an 

intact vegetation cover. 

3.2.2 Senescence 

Most alpine species are perennials, but little is known about the longevity of herbs or 

grasses in the alpine zones of Australia. Several studies provide evidence that some 

shrub species have a lifespan of several decades. Williams (1985), for example, 

found that the prostrate shrub Grevillea australis (Alpine Grevillea) had a lifespan of 

about 50 years. Costin (1959) suggested that most alpine shrubs have a lifespan of 20 

to 30 years and commonly take at least 18 years before they show distinct evidence 

of degeneration. Observations by Carr (1962) and Carr and Turner (1959a) support 

these accounts. Maturing shrubs may be succeeded by grasses such as Poa hiemata 

as part of a long-term (> 50 years) cyclical pattern in the dominance between shrubs 

and grasses (Williams 1985). Some shrubs, such as G. australis, cannot resprout 
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vegetatively and most shrubs require bare ground to establish from seed (Williams 

1985). 

Another example of a long-lived species in the Kosciuszko alpine zone is the large 

endemic grass Chionochloa frigida. While little has been documented about the rate 

of growth and longevity of the large and conspicuous ribbony grass, field 

observations and studies on related species in New Zealand indicate that these 

grasses grow slowly and persist for many decades (Costin et al. 2000). 

Regeneration cycles also occur at the life form level. For example in alpine 

grasslands the regeneration cycle associated with the life history of grasses may 

involve the intervention of herbs (e.g. Asperula gunnii) at the degenerative phase. As 

grass is re-established herbs may be reduced to a minor component (Carr 1962). 

Similarly, grazing by native and introduced herbivores may also affect the 

proportions of different life forms in alpine grasslands and herbfields (Wimbush and 

Costin 1979a; Leigh et al. 1991; Bridle and Kirkpatrick 1998; Bridle 2000; Bridle 

and Kirkpatrick 2001). 

3.2.3 Herbivory 

In contrast to many alpine areas elsewhere, native vertebrate herbivores are virtually 

absent from the Kosciuszko alpine zone. Thus, foliage feeding insects such as 

grasshoppers and the larvae of native moth species are the most important native 

grazers of the alpine vegetation (Costin 1954; Green and Osborne 1994; Williams 

and Costin 1994). Grazing by grasshoppers is diffuse, while grazing of the native 

grasses (Poa spp.) by the larval stages of the native moth species Oncopera alpina 

(Swift Moth) and Lomera caespitosae (Case Moth) often causes discrete patches of 

disturbance in tall alpine herbfields (Costin 1954; Chadwick 1966). In those patches, 

the base of the grasses is eaten by the moth larvae, killing the grasses but creating a 

dense cover of litter (Chadwick 1966; Kirkwood 2001). 

There is also some grazing activity by introduced vertebrates, particularly during 

summer. The harsh climatic conditions, as well as control programs by the New 

South Wales National Parks and Wildlife Service (NSW NPWS), limit the number of 

feral animals such as hares, pigs, and horses (K. Green, pers. comm. 2002). Small 

numbers of horses or pigs can, however, occasionally produce considerable localised 
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damage to the vegetation through trampling (potentially causing gullying) and 

uprooting of the vegetation (which may facilitate weed invasion) (Costin 2002; 

Costin et al. 2002). 

Grazing by cattle and sheep during the period from about 1830 to 1944 also caused 

considerable damage to vegetation by trampling and selective grazing (cf. Section 

3.3.1). Livestock grazing practices also involved the deliberate use of fire in autumn 

and/or spring to promote fresh plant growth, which also reduced vegetation cover 

and changed community composition (Costin 1954; Good 1992a). 

3.2.4 Fire 

Fires in the alpine and subalpine zones of the Australian Alps in pre-European times 

were probably rare (Costin 1954; Leigh et al. 1987; Banks 1989). After the arrival of 

European settlers, fire frequency increased. Frequent fires became an integral part of 

the management of alpine and subalpine grasslands as pastoralists deliberately burnt 

the alpine pastures in spring and/or autumn to remove the mature snowgrasses which 

were rather unpalatable to livestock (due to their high levels of silica) and to promote 

the more palatable herbs and new growth of the grasses (Costin 1958; van Rees 

1982; Bridle 2000). There have not been extensive fires in the Kosciuszko alpine 

zone since the ban on grazing and burning in 1944 (D. Woods, pers. comm. 2000) 

until the wildfires in January/February 2003. The 2003 fires were started by lightning 

strikes and reached the alpine zone from the western side of the Main Range, where 

they extinguished naturally upon reaching the ridge top, after burning extensive areas 

of subalpine and alpine vegetation (Worboys 2003). Apart from spot fires that 

developed near Blue Lake and near the raised walkway between Thredbo and 

Rawson Pass, there was little damage to alpine zone vegetation on the eastern side of 

the Main Range (Worboys 2003). It appears that most alpine communities did not 

burn well (K. Green, pers. comm. 2003). 

Fire may reduce or destroy the protective ground cover, mobilise surface soil and 

nutrients, and lead to erosion (Brown 1972; Costin 2002). The lack of vegetation 

cover following fires, combined with the effects of precipitation and snow melt, 

have, in the past, contributed to erosion problems in the area (Costin 1959; Costin 

and Wimbush 1972). Fires may also favour some plant species, particularly 
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generalists and plants that require bare ground to establish, thus potentially resulting 

in a change in vegetation composition at least in the short term (Williams 1985).  

3.3 ANTHROPOGENIC VEGETATION DYNAMICS 

As indicated earlier, some disturbances such as fires may occur both naturally and 

due to anthropogenic practices. Anthropogenic activities often occur at higher 

frequencies and/or intensities than natural processes and thus have a greater potential 

to cause longer-term or even permanent changes to natural systems (UNEP WCMC 

2002). Vegetation patterns following anthropogenic disturbances may be cyclic, 

moving through various successional stages before returning to a previous state, or 

unidirectional, moving to a new stable state (Bellamy and Brown 1994; Johnston 

2003). The severity of impacts is affected by factors such as intensity, duration, 

seasonality and environmental conditions (Körner 1999; Bridle 2000). 

Human activities such as livestock grazing and tourism have altered and continue to 

alter the vegetation of Australian alpine areas, particularly in the past 100 years 

(Costin et al. 2002; Worboys and Pickering 2002a). Climate change also has the 

potential to cause substantial changes in the composition and distribution of alpine 

plant communities (Scherrer and Pickering 2001; Pickering and Armstrong 2003). 

These anthropogenic dynamics thus threaten the basic values, the catchment quality 

and ecological diversity of the Australian Alps (ISC 2002). 

3.3.1 Livestock grazing 

Introduction of livestock grazing 

Grazing history and site characteristics influence the effects of livestock grazing on 

an area’s vegetation (Leigh et al. 1991; Milchunas and Lauenroth 1993). The 

introduction of livestock grazing to areas with little or no history of grazing can 

cause physical damage to vegetation and soils and increase pressures on more 

palatable plant species through selective grazing (Costin 1958; Wimbush and Costin 

1979a; van Rees 1982; van Rees and Hutson 1983; Noy-Meir et al. 1989; Milchunas 

and Lauenroth 1993). Trampling can cause physical damage to plants, disturb the 

soil structure and change the local hydrology by creating drainage channels 

(Milchunas et al. 1989; Williams 1990). Four types of plant responses to grazing 
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have been identified: (1) plants that are intolerant to grazing pressures and decrease 

in abundance; (2) plants that are already present and increase in abundance in 

response to grazing; (3) plants that invade grazing affected areas; and (4) plants 

which change little in abundance despite grazing disturbance (Noy-Meir et al. 1989; 

Bowers 1993; McIntyre et al. 1995). Selective grazing can reduce the cover of the 

most palatable species potentially increasing bare areas and decreasing competition 

for less-palatable species. Grazing may also reduce flowering of some herbs (Leigh 

et al. 1991; Bridle 2000). 

Native plant diversity in grassland and herbfield vegetation, particularly herb 

diversity, generally declines in the initial stages after the introduction of herbivores 

to natural areas (Wimbush and Costin 1979a; Leigh et al. 1987; Leigh et al. 1989; 

Milchunas et al. 1989; Noy-Meir et al. 1989; Bridle 2000). With the decrease in 

competition and an increase in available space, previously absent or rare 

opportunistic species may appear if the continuing disturbance is not too severe. 

Grazing disturbance may also contribute to the establishment and spread of alien 

plants (Watkinson and Ormerod 2001). The exposure and physical disturbance of 

bare soil may result in the loss of organic material and soil nutrients through erosion, 

further adversely affecting native vegetation (Costin 1959; Costin and Wimbush 

1972; Costin 2002). 

The flora of the Kosciuszko alpine zone is not adapted to livestock grazing and 

trampling, as native megafauna are largely absent and there was no livestock grazing 

until the 1830s (Costin and Wimbush 1972; Green and Osborne 1994). The deep 

soils developed in the absence of hoofed mammals and thus are highly susceptible to 

erosion from such disturbance (Good 1992c, 1995). The introduction of grazing by 

cattle and sheep substantially altered the vegetation of the Kosciuszko alpine zone. 

Livestock numbers were often high, ineffectively managed and beyond the capacity 

of the vegetation to sustain even seasonal usage (Good 1995; Costin et al. 2000). 

Consequently, livestock grazing resulted in decreases in vegetation cover, opening of 

snow-grass swards in sod tussock grasslands and tall alpine herbfields, reductions in 

palatable species, and changes in vegetation patterns and community structure 

(Helms 1893; Byles 1932; Costin 1954, 1958; Costin et al. 1959; Durham 1959; 

Costin et al. 1960; Bryant 1971a). Cattle and sheep preferentially grazed the 
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comparatively protein rich herbs such as Asteraceae, Scrophulariaceae, and 

Ranunculaceae and avoided species with poor nutritional value such as shrubs and 

snowgrasses (Costin and Wimbush 1972; van Rees 1982). Intertussock spaces and 

bare areas created by selective grazing were colonised by minor herbs (e.g. 

*Acetosella vulgaris, Asperula, Plantago, Brachyscome, Leptorrhynchos) or invaded 

by shrubs (Costin et al. 1959; Carr 1962). Similar observations were made in 

lowland areas of Australia including Themeda grasslands, where grazing disturbance 

was observed to facilitate the regeneration of intertussock species (Gilfedder and 

Kirkpatrick 1994; Lunt 1997). 

The combination of regular intense grazing and the frequent use of fire as a 

management tool also led to severe sheet erosion in the Kosciuszko alpine zone 

(Bryant 1971a), a legacy that remains with the Park today. Livestock grazing around 

Mt Kosciuszko was banned in 1944 and in the rest of the Park in 1958 (Worboys and 

Pickering 2002a). However, some livestock grazing occurred in subsequent years 

(Costin 1958; Clothier and Condon 1968). 

In areas with native megafauna, such as mountain goats or sheep, the introduction of 

low numbers of livestock may have less impact, as grazing and trampling are already 

a natural part of the system. Prolonged selective grazing is likely to have affected the 

species composition and vegetation stature by reducing the competitive pressures for 

less palatable and low statured species (van Rees et al. 1985; Sal et al. 1986; 

Kirkpatrick 1989; Noy-Meir et al. 1989; Bock et al. 1995; Kiehl et al. 1996; Bridle 

2000). Consequently, pastures which are adapted to grazing pressure are often 

dominated by horizontal growth forms, especially among the palatable species (Sal et 

al. 1986; Bridle 2000). The flora of the European Alps, for example, which has 

evolved with a native megafauna and centuries of livestock grazing, may have 

changed with time to a different but stable ecosystem adapted to grazing. In contrast, 

the dominance of tall forbs observed in alpine areas of the Australian mainland may 

be a reflection of the absence of vertebrate herbivores (Wimbush and Costin 1979a; 

Kirkpatrick 1989; Bridle 2000; Kirkpatrick 2003). 

In systems with a long history of grazing, communities are likely to be delineated by 

abiotic factors (Austin et al. 1981; Whisenant and Wagstaff 1991; Bridle 2000) and 
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factors such as climate, topography and soil nutrients may be more important than 

grazing regime in determining community composition (John and Turkington 1995).  

Cessation of livestock grazing 

In the Australian Alps, with few large native grazers and a short history of introduced 

grazing, a decrease in grazing pressure generally resulted in an increase in vegetation 

cover (Carr and Turner 1959b; Wimbush and Costin 1979b; Leigh et al. 1987; 

Gibson and Kirkpatrick 1989; Wahren et al. 1994; Bridle 2000). This increase may 

be due to an increase in minor herbs within a few years (Costin et al. 1959), an 

increase in the cover of shrubs, grasses and tall herbs (Carr and Turner 1959b; 

Wimbush and Costin 1979a, b, c; Leigh et al. 1987; Williams and Ashton 1987b; 

Wahren et al. 1994; Bridle 2000) and particularly an increase in the cover of the 

palatable species (Wimbush and Costin 1979b; Leigh et al. 1987; Gibson and 

Kirkpatrick 1989; Wahren et al. 1994). For example, the highly palatable species 

Ranunculus anemoneus, Chionochloa frigida and Aciphylla glacialis were grazed to 

near extinction in the Kosciuszko alpine zone, but recovered well after protection 

from grazing (Costin and Wimbush 1972; Worboys et al. 1995). There has been a 

marked regeneration of major herbs and some shrubs in the intertussock spaces, and 

the amount of ground cover and porosity of the surface soil has also increased 

(Costin and Wimbush 1972). Where erosion has been severe, however, the 

reestablishment of vegetation has been slow, and the species composition may be 

different to the original vegetation. Examples of this are areas of ‘pseudo-feldmark’ 

in the Kosciuszko alpine zone, where feldmark species established in severely eroded 

locations which are otherwise uncharacteristic of feldmark communities (Good 

1992a; Costin et al. 2000; Johnston 2003). 

Where the presence of native grazers and centuries of livestock grazing produced a 

system adapted to grazing impacts, such as in the European Alps, species richness 

may, however, decrease in response to the exclusion of livestock or native herbivores 

(Persson 1984; Stampfli and Zeiter 1999; Bridle 2000). 
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3.3.2 Tourism9 

Tourism in protected areas, including alpine areas, is increasing worldwide 

(Newsome et al. 2002; Buckley et al. 2003). In the Kosciuszko alpine zone, tourism 

has become a major focus for management since the end of livestock grazing (Good 

1992c; Worboys and Pickering 2002a). Visitation to the alpine zone has increased 

from an estimated 20,000 people in 1978 (Worboys 1978) to an estimated 64,000 in 

2000 (Johnston and Pickering 2001b). This is likely a result of improved access to 

the area, increased public interest and environmental awareness, as well as efforts of 

the adjacent subalpine winter resorts to diversify and promote summer activities 

(Mercer 1992; Bertolo et al. 1993; Good 1995; König 1998; Worboys and Pickering 

2002a). In the late 1970s, up to 1000 people per day visited the alpine zone (Edwards 

1977). In the summer of 1999/2000 up to 2000 people per day visited the area during 

the peak holiday periods (Arkle 2000). The Australian Alps are in close proximity to 

almost 50% of the Australian population and provide a natural setting for recreation 

and inspirational enjoyment (Worboys and Pickering 2002b).  

Tourism impacts in protected areas often include damage to vegetation, compaction 

of soils, introduction and spread of weeds, fire scars, littering, nutrient 

supplementation of soils and water, and the illegal collection of plants (Willard 1970; 

Liddle 1975; Cole 1985; Good and Grenier 1994; Good 1995; Zimmermann; 

Pickering et al. 2003b). The main tourist activities in the Kosciuszko alpine zone 

during summer are walking, sightseeing and camping. Winter activities such as 

snowboarding and cross-country skiing have limited impacts on the vegetation due to 

the protective snow cover. Although there are no formal camp sites in the alpine 

zone, informal areas at popular locations often suffer from trampling, nutrient 

addition to soil and water from human waste, fire scars (despite a ‘fuel-stove’ only 

policy), root damage from digging, and collection of firewood from the few woody 

species (Virtanen 1993; Pickering et al. 2003b; pers. obs. by author). 

Trampling may cause plants to be crushed, bruised, broken off and uprooted, leading 

to a reduction in vegetation height, cover and biomass (Carr 1962; Willard 1970; 

Cole 1995b; McEwan and Cole 1997; Whinam and Chilcott 1999). Vegetation loss 

9 The term ‘tourism’ is used in this thesis to describe the activities of any visitors to the area for the 
purpose of undertaking tourism and recreational activities such as sightseeing, bushwalking or simply 
enjoyment of the natural environment. 
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due to trampling may continue for weeks after the activity occurred (Bayfield 1979; 

Cole and Bayfield 1993; Whinam and Chilcott 1999). Trampling can also cause 

compaction of soils and may change the hydrology of a site by creating drainage 

channels and reducing water infiltration (Costin and Wimbush 1972). However, plant 

height and morphology affect a plant’s resistance to trampling (Sun and Liddle 1993; 

Cole 1995a). Densely tufted graminoids, for example, tend to be more resistant10 to 

trampling than rosette forming herbs and shrubs, or erect forbs which are among the 

least resistant (Kuss 1986; Cole and Bayfield 1993; Whinam and Chilcott 1999). 

In the Australian Alps, tourism infrastructures such as walking tracks have also been 

associated with the occurrence and spread of alien species (Johnston 2001a; 

Pickering et al. 2003a). 

3.3.3 Climate change 

Global warming is likely to be a major threat to alpine environments with widespread 

effects on their ecology (Grabherr et al. 1994; Green 1998; Hulme and Sheard 1999; 

Körner 1999; UNEP WCMC 2002; Pickering and Armstrong 2003). For example, 

wildfires which burnt 337,000 ha of the Australian Alps during the summer of 2003, 

were a consequence of the worst drought on record (Karoly et al. 2003). Maximum 

temperatures during 2002 were more than 1˚C higher than during any of the five 

major droughts since 1950. This was the first Australian drought where the effect of 

human induced global warming has been evident (Karoly et al. 2003). 

Changes due to global warming are likely to alter the distribution of native and 

introduced plants and animals, soil processes and the hydrology of alpine ecosystems 

(Good 1998; Green 1998; Hughes 2003; Pickering and Armstrong 2003). Predictions 

for the Australian Alps indicate changes in temperature (rise of 0.2 to 1.4˚C by 

2030), precipitation (-9 to +3%), snow cover (decline of 18-66% by 2030) and a rise 

in the occurrence of extreme events (Whetton 1998; Whetton 2002).The direct and 

indirect effects of these changes on the flora are difficult to predict, but are likely to 

involve reductions in the distribution of certain plant species and communities, 

particularly the snowbank feldmark and short alpine herbfield communities that are 

associated with late snow banks (Pickering and Armstrong 2003). Potential effects 

10 Resistance = the relative ability of individual plant species to withstand trampling before being 
injured or impaired (Kuss and Hall 1991). 
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include the displacement of specialist species and the spread of generalists. An 

increase in the abundance and diversity of weed species and feral animals and a 

general upward shift of plant species can also be expected (Grabherr et al. 1994; 

Green 1998; Imboden 1998; UNEP WCMC 2002; Pickering and Armstrong 2003). 

Thus, unlike other anthropogenic and natural dynamics which physically reduce 

vegetation cover, climate change is unlikely to increase the amount of bare areas in 

the Kosciuszko alpine zone, but is likely to change the composition and distribution 

of plant communities. 

3.4 NATURAL VEGETATION RECOVERY 

In alpine areas where natural or anthropogenic disturbances have caused a reduction 

in vegetation cover and/or plant diversity, soils may be exposed to strong winds, 

regular freezing, and high precipitation, resulting in erosion and further deterioration 

(Harper and Kershaw 1996; Bolling and Walker 2000). Thus the reestablishment of a 

protective plant cover is important to prevent loss of soils and expansion of existing 

damage. On a scale of importance, the main steps towards full recovery are: (1) the 

protection of soils; (2) the reestablishment of a vegetation cover (i.e. revegetation/ 

rehabilitation); and (3) the recovery of the lost vegetation community (i.e. 

restoration) (Cairns 1995). 

Whether actively assisted or naturally occurring, the timeframe of vegetation 

recovery is dependant on the impact of the initial disturbance, particularly the extent 

of bare areas, the extent of litter, and the scale of continuing disturbance (Wimbush 

and Costin 1979a, b; Wahren et al. 1994). The following sections discuss vegetation 

recovery patterns in alpine/subalpine areas with: (1) little damage to soils and 

vegetation; and (2) significant damage to soils and vegetation. 

3.4.1 Recovery in sites with little soil exposure 

In alpine areas of Australia that have low levels of damage and little exposure of bare 

soils, it is likely that the original community will re-establish and that such recovery 

may occur within several years (Costin et al. 1959; Wimbush and Costin 1979c; 

Kirkwood 2001). Examples are areas affected by case moth herbivory, severe 

drought, or extended snow-lie. These disturbances generally result in a cover by litter 
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that provides protection and insulation to the soil, seedbed, and surviving plant 

rootstocks. Similarly, at sites disturbed by livestock grazing, but with relatively intact 

native vegetation, the depleted tall herbs component recovered within about eight 

years after being protected from grazing (Wimbush and Costin 1979a).  

The main means of natural revegetation in alpine areas are likely to be by 

colonisation from the edges, from seeds, and re-shooting from surviving rootstocks 

(Ebersole 2002). The process of recovery may involve a successional cycle such as 

the initial dominance of herbs and their gradual replacement by graminoids as 

observed following damage by case moth larvae in the Australian Alps (Kirkwood 

2001). 

Litter cover also plays an important protective role in the balance between non-

erosive infiltration of precipitation and erosive surface run-off. Depending on site 

conditions, surface cover of 70-100% at rates of at least ten tonnes per hectare (oven 

dry weight) is necessary in the Australian Alps for soil protection from frost, wind, 

and storm rains (Costin 2002). The average weight of litter in undisturbed vegetation 

has been reported at 69 g/m2 (oven dry weight) in tall alpine herbfield, 102 g/m2 in 

sod tussock grassland and 320 g/m2 in Phebalium heath (Green and Osborne 1994). 

Litter cover may promote or inhibit seedling establishment in gaps by altering 

microclimate and water retention abilities (Pyrke 1994; Belsky and Blumenthal 

1997; Kirkwood 2001) or through suppression of species that require bare ground to 

establish (Carr 1962; Williams and Ashton 1988; Williams 1992; Bridle 2000; 

Bullock et al. 2001). In tall alpine herbfield vegetation, much of the litter cover 

comprised of dead grasses (pers. obs. by author; Kirkwood 2001). When a patch of 

grass shoots is killed, grasses may re-establish themselves by the development of 

new tussocks from rootstocks and/or from seeds (Williams 1985). It may take several 

years before grasses again provide a complete vegetation cover (Carr 1962). 

Disturbance of the litter cover may lead to an increase in the herb component of the 

sward and may allow suppressed shrubs to grow freely, even dominate (Carr 1962). 

Herbs can grow vigorously when competition from grasses is reduced, such as after a 

drought, but may be gradually replaced by increasing cover and diversity of grasses 

in a process that may occur at a temporal scale of several years (Costin et al. 1959; 

Carr 1962). Small shrubs may also show a marked response to the absence of 
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competition by strong growth that may lead to dominance until the degenerative 

phase (Carr 1962). 

Where the original vegetation has been damaged but still partly remains, albeit with 

gaps, species diversity may increase during the initial stages after a disturbance, as 

additional species may colonise exposed sections and less competitive species may 

become established. A study in grassland and shrubland vegetation of Tasmania, for 

example, found an initial post trampling increase in species richness due to the 

appearance of the small shrubs Leucopogon montanus and Pentachondra pumila, and 

the rush Luzula sp. (Whinam and Chilcott 1999).  

3.4.2 Recovery in sites with extensive soil exposure 

Where damage to the vegetation and soils is more severe, it may be several decades 

before the vegetation response to the absence of disturbance becomes evident, as 

recovery rates in alpine environments are extremely slow (Carr and Turner 1959b; 

Wimbush and Costin 1979b; Leigh et al. 1987; Forbes 1992; Bridle 2000). The 

regeneration at grazing exclosures in herbfield vegetation in Tasmania, for example, 

was estimated to take between 50 to 80 years (Bridle 2000). In high-arctic tundra 

vegetation, seedling establishment by dicots was minimal even 20 years after 

disturbance, and vegetation succession was only at the preliminary stages even after 

50 years (Forbes 1992; Harper and Kershaw 1996).  

The size and shape of bare areas influences the recovery process, as surrounding 

vegetation may provide shelter and so called ‘safe sites’ (Carr 1962; Urbanska and 

Chambers 2002). Narrow strips of bare areas recover more readily than large 

patches, but even small patches recover slowly and often have lower species richness 

than previously (Forbes 1992). Small gaps in Australian alpine herbfield vegetation 

may be colonised by grasses or minor herbs, although few grasses are likely to 

colonise bare ground by other than vegetative means, unless shrubs provide suitable 

conditions (Carr and Turner 1959a; Carr 1962). Intertussock spaces exposed by 

selective grazing by livestock in tall alpine herbfield vegetation of the Kosciuszko 

alpine zone were largely colonised by minor herbs such as *Acetosella vulgaris and 

small Asteraceae (Costin et al. 1959). Large bare areas, however, have a limited 
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capacity for colonization from the edge and seedling establishment is hindered by 

factors such as frost heave and wind erosion (Costin et al. 2000). 

One group of plants that may benefit from bare areas, however, are shrubs (Williams 

and Ashton 1987b). Many shrubs in the Australian Alps require bare ground to 

establish from seeds (Williams and Ashton 1987b; Williams 1990, 1992). The 

increase of shrubs at experimental grazing exclosures in Tasmania (Bridle 2000) and 

the revegetation of bare areas created by livestock grazing in the Victorian High 

Country (Williams and Ashton 1987b; McDougall 2003) are examples of situations 

where bare areas in alpine/subalpine vegetation may have favoured the establishment 

and increase in cover of shrubs. Shelter/exposure and temperature also affect the 

success of shrubs to colonise bare ground (Williams 1985). 

Where extensive loss of soil has occurred, the original plant cover may never re

establish naturally and newly established plant cover may be considerably different 

from the original composition (Johnston 2003). In the alpine areas of Kosciuszko 

National Park, Australia, for example, stony erosion pavements have formed in 

several areas following the loss of topsoil to erosion. These relatively stable areas 

often revegetate naturally, forming a stable ‘pseudo-feldmark' community containing 

several feldmark species as well as the naturalised herb *Acetosella vulgaris 

(Totterdell and Nebauer 1973; Costin et al. 2000; Johnston 2003). The new stable 

state is unlikely to return to the original state even in the longer-term. 

3.5 ASSISTED VEGETATION RECOVERY 

Due to the slow natural recovery and the potential for continuing deterioration, 

assisted revegetation of damaged areas may be required. Particularly in protected 

areas, active measures are often undertaken to assist and speed up vegetation 

recovery. In the Kosciuszko alpine zone, for example, a 25-year plan to revegetate 

and restore severely eroded areas damaged by grazing practices commenced in 1957 

(Clothier and Condon 1968; Keane 1977; Clark 1992). During this work, alien plant 

species were deliberately introduced in the seed mix applied to hasten the 

establishment of plant cover. The introduced species were chosen over native species 

largely because of the ease of availability in commercial quantities, for their low 

cost, and for their growth and colonising characteristics (Bryant 1971b; Good 1976; 
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McDougall 2001). Some of these alien species are persisting even today and may 

have spread, threatening the re-establishment of the original plant assemblages in the 

longer-term (Good 1992c; Forbes and Jefferies 1999; Johnston and Pickering 2001a). 

Although most of the revegetation works appeared to be successful at the time 

(sometimes after several treatments), renewed erosion is occurring within these areas 

requiring new treatments (S. W. Johnston, pers. comm. 1999; Johnston 2003). 

The application of mulch, fertilisers and even soil are also practices used to improve 

revegetation success (Perrow and Davy 2002b). While they may assist in the 

prevention of erosion and speed up the establishment of a vegetation cover, longer-

term issues of introducing potentially contaminated materials (e.g. environmental 

weeds in hay mulch) and the effects of nutrient addition on native vegetation may 

arise (Perrow and Davy 2002a). 

3.6 SOIL AND CLIMATE FACTORS INFLUENCING RECOVERY 

The preservation or reestablishment of the surface organic layer is often considered 

one of the most important factors in native plant revegetation (Harper and Kershaw 

1996). Most of the root mass in alpine grassland and herbfield vegetation lies within 

the top ten centimetres of soil (Körner 1999). The concentration of total nitrogen, one 

of the most important nutrients required by plants, is correlated to the amount of 

organic matter in the soil (Körner 1999). The removal of the organic layer may have 

more detrimental effects than compaction (Harper and Kershaw 1996).  

Changes in the soil resulting from compaction and loss of surface organic matter may 

limit plant growth, seed germination, and seedling establishment through the 

restriction of root growth, changes in soil moisture, and restrictions in the movement 

of essential nutrients, oxygen, and carbon dioxide within the soil (Liddle 1975; Kuss 

and Hall 1991; Zabinski and Cole 1999). Variation in soil fertility may affect the 

distribution and productivity of plant species in alpine regions even at a scale of a 

few metres (Körner 1999). Soil compaction and erosion through their influence on 

nutrient availability may further contribute to a selection for species adapted to 

modified soil environments (Kuss and Hall 1991). Land surface stability (governed 

by particle size of surface material) may also influence successional vegetation 

patterns (Mizuno 1998). 
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Soil hydrology affects both the severity of the impact and the recovery from damage. 

Generally, wet sites return more quickly to their original vegetation cover than dry 

sites, if erosion is not significant, but are also disturbed more easily (Cargill and 

Chapin III 1987; Forbes 1992; Ebersole 2002). Aspect and slope of a site determine 

its exposure to wind, rainfall, and sunshine and can influence drainage patterns and 

erosion. Physical forces including wind, water, and needle ice formation can 

contribute to erosion and may limit the establishment of seedlings on bare areas 

(Taylor 1958; Bryant 1971b; McDougall 2001). 

3.7 PLANT CHARACTERISTICS INFLUENCING RECOVERY 

Mosses and lichens, which can tolerate complete desiccation, are often the first 

groups of species to establish on exposed soils and at eroded sites in extreme 

environments (Forbes 1992; Körner 1999; Lázaro et al. 2000). Mosses may initially 

benefit from the destruction of vascular plants, but are susceptive to continued 

trampling and resultant stresses, as was observed in alpine areas of Tasmania 

(Whinam and Chilcott 1999). Colonising species, including cushion plants, small 

herbs and graminoids, may contribute to the accumulation of compost, building up a 

rich microflora and developing humus soils (Mizuno 1998; Körner 1999). 

Native species occurring in the Kosciuszko alpine zone that have been reported to 

colonise bare areas in alpine environments, or that may readily establish from seed 

include: (1) the graminoids Agrostis muelleriana, Trisetum spicatum, Poa spp., 

Luzula sp. and Carex spp.; (2) the mat-forming herbs or subshrubs Neopaxia 

australasica, Euchiton argentifolius, Colobanthus sp., Ewartia nubigena, Pimelea 

alpina and Pentachondra pumila; and (3) herbs including Euphrasia spp., Craspedia 

spp., Celmisia spp., Oreomyrrhis eriopoda, Acaena novae-zealandiae and Viola 

betonicifolia (Totterdell and Nebauer 1973; Keane 1977; Wimbush and Costin 

1979c; Harper and Kershaw 1996; Parr-Smith and Polley 1998; Costin et al. 2000). 

The most commonly used non-native species in revegetation works were *Agrostis 

capillaris, *Festuca rubra, *Trifolium repens, *Lolium perenne and *Poa pratensis 

(W. Papst, pers. comm. 2003; R. Good, pers. comm. 2003). The naturalised herb 

*Acetosella vulgaris is the most widespread non-native colonising species occurring 

at disturbed sites in the alpine zone. 
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Reproductive characteristics of plants (e.g. runners, rhizomes, seedlings) and the 

presence/absence of residual propagative structures also influence recovery rates 

(Kuss and Hall 1991). For example, most colonisation in alpine and arctic 

environments occurs vegetatively from the edges inward by rhizomes and runners 

(Forbes 1992; Ebersole 2002). Slow plant growth and continuing erosion, however, 

may inhibit recolonisation of bare areas by lateral expansion of adjacent plants (Bliss 

and Grulke 1988; Jacobs 1992; Costin et al. 2000). Seed production and seedling 

establishment in alpine environments may also be limited (Bliss and Grulke 1988; 

Zabinski and Cole 1999). While disturbed environments in general are likely to have 

fewer propagules than undisturbed areas due to the loss of parent plants (vegetative 

and seed reproduction) and disturbance to the seed bank (Cargill and Chapin III 

1987; Zabinski and Cole 1999), high seedling mortality, particularly in alpine 

environments, can further impede the recovery of vegetation (Kuss and Hall 1991). 

Seeds that disperse into disturbed areas from the surrounds are usually poorly 

adapted to disturbance conditions (Harper and Kershaw 1996). This may contribute 

to the high seedling mortality.  

Growth characteristics and plant life-cycles also influence natural vegetation patterns 

and vegetation recovery. The clonal Celmisia species occurring in the Kosciuszko 

alpine zone, for example, form distinct patches in grass dominated areas. Such 

patches may even be observed on large scale aerial photographs (cf. Chapter 7), but 

little is currently known about the movement of such boundaries with time. Further, 

the structure and arrangement of some plants, once established, can influence 

microclimatic conditions which may either locally limit species number and cover 

(Pokarzhevskaya 1998) or encourage the establishment of other plants by providing 

‘safe sites’ (Urbanska and Chambers 2002). Plant structure can also influence the 

severity of disturbance. For example, non-woody plants with buds below the ground 

surface are generally more resilient11 to disturbance, such as trampling, than woody 

and chamaephytic plants (Cole 1995a; Whinam and Chilcott 1999) and thus are 

generally quicker to recover after disturbance.  

11 Resilience = the capacity of individual plant species to survive or regenerate after a disturbance 
(Kuss and Hall 1991). 

44




3.8 DETECTING VEGETATION CHANGE IN THE 

KOSCIUSZKO ALPINE ZONE 

The previous sections have highlighted that many natural and anthropogenic 

dynamics, including natural processes of recovery from disturbance and active 

revegetation of degraded areas, are likely to influence the state of the vegetation in 

the Kosciuszko alpine zone. To facilitate sustainable management of this area, 

particularly with growing anthropogenic pressures, there is a need for detailed 

environmental data on this area in order to: (1) better understand ecological 

relationships; (2) understand existing and potential effects of recreational and 

management pressures on ecosystems; (3) provide datum lines against which future 

changes can be assessed; and (4) provide better information on many park features, 

including vegetation, for interpretation and education (Wimbush and Costin 1973). 

In order to detect changes that have occurred, a variety of sources may provide data 

suitable for analysis. 

3.8.1 Types of long-term data (10-50 years) available for the 

Kosciuszko alpine zone 

The Kosciuszko alpine zone has been subject to almost a century of exploration and 

scientific research (cf. Clarke 1998). As a result, there are many historical records 

available for the assessment of past vegetation states. Some of these provide 

information about the state of vegetation at a single point in time (e.g. an aerial 

photography run, notes of a botanic expedition). Other information has been 

collected repeatedly for various purposes (e.g. long-term scientific studies by 

ecologists, or aerial photography of catchment for the Snowy Mountains 

Hydroelectric Authority, the NSW NPWS, the Airforce, surveying companies etc.). 

Some of these data have never or only partially been analysed. 

This thesis analyses vegetation change and restoration over a 10 to 50 year time-scale 

from available high quality sources. These include studies that were established to 

provide information on vegetation change between different points in time. One of 

the oldest such studies in the Australian Alps is a long-term transect study 

established in 1959 in the Kosciuszko alpine zone. The aim of the research was to 

examine the recovery of vegetation following the cessation of livestock grazing, and 
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to provide insights into plant lifecycles and successional processes. Data from this 

study until 1978 have been analysed by Wimbush and Costin (1979c). Associated 

with the transects were a series of photographic plots (photoquadrats) that had been 

monitored since 1959 but had not been systematically analysed. Both of these 

datasets provide information on vegetation change at the species/genera level. 

Chapter 4 of this thesis provides an analysis of an extended dataset of the transect 

study with additional data from 1990, 1999 and 2002. Chapter five then provides the 

analysis of the complete photoquadrat dataset which was also extended from 1978 to 

2002. Spanning a 43 year period, these studies now provide two of the longest 

records of vegetation change for the Kosciuszko area and thus are of immense value 

to both science and management. 

There is often little or no information available about the pre-impact state of areas 

damaged by informal or unstructured land use activities, such as early grazing and 

tourism activities in the Kosciuszko alpine area. Thus, to evaluate the progress of 

recovery from such disturbances after removal of the disturbance agent, other means 

than pre- and post impact comparisons are required. This may involve the 

comparison of disturbed vegetation with adjacent sites that have experienced less 

disturbance, or between sites with different levels of use, or at different stages of 

recovery. Such means were used in several components of this thesis, including the 

track recovery study in Chapter 6 and the assessment of recovery from grazing from 

the transect and photoquadrat studies (Chapters 4 and 5). 

In the past, numerous aerial photography runs have been flown over the Kosciuszko 

alpine zone for various government and industry bodies. Many of these records, have 

not been kept together and some have even been destroyed (D. Robertson, pers. 

comm. 2000). Available aerial photographs cover selected areas and come in a 

variety of scales. Such photographs may be suitable to assess changes in vegetation 

at the community level, particularly where distinct community boundaries exist, and 

could be used to examine the recovery from past impacts, particularly where 

disturbance has resulted in bare areas. Chapter 7 reviews the use, benefits and 

limitations of aerial photographs for assessing longer-term vegetation change in the 

Kosciuszko alpine zone. 
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The monitoring of long-term vegetation change in the Australian Alps has a vital 

function in providing information on the ecology of the system, that can be used for 

management. This thesis adds to this body of information by providing insights into 

the patterns of natural and anthropogenic vegetation change and recovery. It further 

highlights the values, benefits and limitations of a range of historical long-term data 

sources that can be used to assess vegetation change over time. 
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4	 LONG-TERM VEGETATION 

TRANSECTS IN THE KOSCIUSZKO 

ALPINE ZONE 

4.1 SUMMARY 

The Kosciuszko alpine zone had experienced little anthropogenic disturbance until 

the1830s, when European settlers introduced grazing by cattle and sheep to the area. 

Activities associated with livestock grazing, such as trampling, selective grazing and 

the use of fire to promote palatable growth, resulted in degradation of the vegetation 

and soils over a relatively short time and contributed to pressure to conserve the area. 

To monitor vegetation recovery and change after the cessation of grazing, six 

permanent transect lines were established at two locations that differed in the time 

since grazing ceased. One location, Kosciuszko, had not been grazed for 15 years 

and seemed to have stable vegetation communities. At the other location, Gungartan, 

livestock grazing had only ceased the year before the study began and the vegetation 

was visibly degraded. All six transects were repeatedly surveyed between 1959 and 

2002 and have become one of the longest continuing vegetation studies in the 

Australian Alps. While results from 1959 to 1978 have been previously reported, this 

chapter presents additional data from surveys in 1990, 1999 and 2002 which have 

never before been analysed. The complete data set was analysed using new methods 

such as ordinations to examine the community level dynamics over the last 43 years. 

Results of this study indicated that the recovery from livestock grazing and the 

effects of drought have been the main factors affecting vegetation at the permanent 

transects between 1959 and 2002. Recovery from livestock grazing at the Gungartan 

transects was slow. It involved: (1) increasing genera diversity; (2) increasing 

vegetation cover; and (3) decreasing amounts of bare ground. Patterns of 

colonisation and species succession were also documented. In 2002, 44 years after 

the cessation of grazing, transects at Gungartan had similar vegetation cover and 

genera diversity to the Kosciuszko transects, but cover by exposed rock remained 

higher. A drought in the 1960s resulted in a temporary increase of litter and a shift in 
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the proportional cover of life forms, as grasses died and herb cover increased at both 

locations. This reverted to pre-drought levels within a few years after the drought. 

The results also highlighted the spatial variability of tall alpine herbfield, even in 

undisturbed vegetation, and revealed a directional change over time in the species 

composition at recovering sites. 

4.2 INTRODUCTION 

The long-term transect study established by Dane Wimbush and Alec Costin in 1959 

in the Kosciuszko alpine zone, New South Wales, is one of the longest ongoing 

vegetation studies in the Australian Alps. It consists of a series of six permanent 

transects which were established after the cessation of livestock grazing. 

The introduction of cattle and sheep to the alpine zone in the early 1830s resulted in 

the degradation of the alpine ecosystem in a relatively short period. By the early 

1890s there was a decline in the abundance of palatable species and some soil 

erosion (Helms 1893). These impacts eventually led to the withdrawal of the grazing 

leases around Mt Kosciuszko in 1944 and from the rest of the alpine area in 1958. By 

that time, the effects of more than a century of trampling and selective grazing by 

livestock, and the use of fire to promote more palatable new growth, had led to 

changes in plant species composition, decreased vegetation cover and severe soil 

erosion (Helms 1893; Byles 1932; Costin 1954, 1958; Costin et al. 1959; Costin et 

al. 1960; Bryant 1971a; cf. Chapter 3). Some areas were so badly damaged by 

grazing that deterioration was expected to continue even in the absence of further 

disturbance (Costin et al. 1959). The most severely damaged areas were treated by 

the New South Wales Soil Conservation Service in an effort to stabilise and 

revegetate them. The longer-term changes at treated areas have been studied by 

Roger Good at NSW NPWS, Stuart Johnston at the Australian National University 

and others (Bryant 1972; Good 1992c; Johnston 1995, 1998; Johnston 2003). 

The long-term transect study discussed in this chapter examines vegetation change at 

transects that had been subject to grazing, but which had been left untreated after the 

removal of livestock. The six permanent transects are located in two areas which 

differ in the time since grazing ceased. Three transects were established in a valley 

on the north side of Mt Kosciuszko, where grazing had ceased 15 years prior to the 
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start of the study (Kosciuszko transects). The second set of three transects was 

established at the same time on the eastern side of Mt Gungartan, where grazing had 

been banned the year before the study commenced (Gungartan transects) (Wimbush 

and Costin 1979c). At the start of sampling in 1959, the vegetation at the Kosciuszko 

transects appeared to be in near-natural condition, with nearly entire vegetation cover 

(Wimbush and Costin 1979c). At the Gungartan transects, the vegetation still showed 

clear signs of previous disturbance including bare areas, exposed rocks and soil 

erosion (Wimbush and Costin 1979c). The long-term transects were established to 

monitor vegetation change after the ban on burning and livestock grazing, and to 

assess the re-establishment of native plant species cover on denuded or eroded alpine 

humus soils (Wimbush and Costin 1979c). 

Results from the first 19 years of the study were published in 1979 (Wimbush and 

Costin 1979c). This chapter extends the study started in 1959 with data from three 

additional surveys in 1990, 1999 and 2002 to make it one of the longest continuing 

studies in the Australian Alps, covering a span of 43 years. The additional data are 

examined in relation to previous trends and statistical techniques including 

ordinations are applied to the entire data set for the first time. 

The permanent transects are mostly in tall alpine herbfield, the most widespread 

vegetation community in the Kosciuszko alpine zone. Tall alpine herbfield includes 

over 130 plant taxa (species and varieties) with 100 taxa of herbs, 14 grass taxa and 

16 species of sedges and rushes (Costin 1954; Costin et al. 2000). The six transects 

provide information about the recovery of this important alpine vegetation 

community from livestock grazing, about the effects of climate on the community 

and about natural cycles in genera and life forms within the community.  

Past effects of livestock grazing on the vegetation and soils were three-fold: (1) 

selective grazing led to an initial reduction in palatable species and caused an 

opening of the intertussock spaces (Costin 1958; Wimbush and Costin 1979a; Bridle 

and Kirkpatrick 1999); (2) trampling and burning physically damaged vegetation, 

leading to reduced vegetation cover and seed availability, and an increase in bare 

ground (Costin and Wimbush 1972; Good 1992b, 1996); and (3) trampling caused 

disturbance of the soil A horizon and the seed bank, contributed to soil compaction, 

and changed the hydrological characteristics of some areas (Wimbush and Costin 
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1979c, 1983). Disturbance of soils may also have contributed to soil nutrient changes 

and may increase the potential for soil erosion (cf. Chapter 3 & 6).  

At the beginning of the transect study in 1959, infiltration rates and soil nutrient 

status at the Gungartan transects are likely to have been lower than at the Kosciuszko 

transects, as there was evidence of severe trampling and soil erosion. Infiltration 

rates have since improved (Wimbush and Costin 1983; Costin 2002) and with 

increasing vegetation cover, soil nutrient status and structure are also expected to 

have improved.  

At the end of the original study in 1979, Wimbush and Costin (1979c) had found that 

there were still considerable differences between the two locations in the cover of 

bare areas, rock and vegetation, as well as in species composition and diversity. The 

results indicated that plant diversity and cover at the Gungartan transects were 

converging on the Kosciuszko transects and that some species were recovering. 

There was, however, considerable variation within and amongst transects at each 

sampling period, as well as considerable variation between sampling times, 

particularly during and following drought years. 

This study continues the assessment of the long-term transects by examining further 

changes in vegetation cover and composition and providing evidence of the extent 

and progression of recovery of the vegetation from past damage. Thus, the aims of 

this study were to examine vegetation changes and the recovery process at the long-

term transects in tall alpine herbfield in the alpine zone of Kosciuszko National Park 

from 1959 to 2002. Specifically, the data were used to answer the questions: (1) had 

the vegetation at the Gungartan and Kosciuszko transects reached comparable levels 

of species/genera diversity and cover by 2002; (2) had the community composition at 

the transects changed with time; (3) were there differences in vegetation composition 

between transects and between locations; and if so, (4) what were the main 

species/genera driving those differences; (5) had bare areas revegetated and if so, (6) 

how did the regeneration occur? 

Results from this study provide valuable insights into the long-term patterns of 

individual species/genera, the influence of climatic conditions and the long-term 

recovery process from disturbance in tall alpine herbfield. 
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It was hypothesised that the Kosciuszko transects would remain stable while the 

Gungartan transects would approach vegetation levels at the Kosciuszko transects 

by: (1) increasing in vegetation cover; and (2) increasing in species/genera diversity. 

4.3 METHODS 

4.3.1 Study sites 

Changes in species composition and vegetation cover between 1959 and 2002 were 

examined at a series of six permanent transects in the Kosciuszko alpine zone. The 

transects were established in 1959 in two valleys, one below Mt Kosciuszko and the 

other below Mt Gungartan, 21 km northeast of the first location (Figure 4.1a). In 

both areas, three 152.5 m (500 ft) transects, each split into ten 15.25 m (50 ft) 

sections, were permanently marked. Below Mt Kosciuszko, the transects were 

located: (1) down a wind exposed north-facing slope (Kosciuszko Seam); (2) on a 

sheltered south-facing slope (Kosciuszko Clarke); and (3) across a flat valley floor 

(Kosciuszko Flat) (Figure 4.1c). At Gungartan, two transects were on a sheltered 

east-facing slope (Gungartan South and Gungartan Middle) and the third was on a 

wind exposed west-facing slope (Gungartan North) (Figure 4.1b). Most of the 

transects were in tall alpine herbfield vegetation (cf. Chapter 2), although some 

sections in Gungartan South and Middle were in groundwater and snow patch 

communities (Table 4.1). When the transects were established in 1959, individual 

sections of each transect were classed as: (1) tussock (≥ 50% unbroken tussock); (2) 

intertussock (≥ 50% broken tussock with intertussock spaces ≤ 0.6 m in diameter); 

(3) bare (intertussock transects with large areas of bare ground, ≥ 0.6 m in diameter); 

(4) groundwater (≥ 50% groundwater communities), (5) snow patch, or (6) depleted 

snow patch (Wimbush and Costin 1979c). 
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Figure 4.1 Location of the permanent transects in the alpine zone of Kosciuszko National 

Park (shaded areas ≥ 1830 m; contours in metres): (a) overview of transect locations; (b) 

position of the Gungartan transects; and (c) position of the Kosciuszko transects. Red flags 

represent transect pegs marking the 15.25 m sections. 
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Table 4.1 Visual vegetation classification at the start of sampling in 1959 (D. Wimbush, 

pers. comm. 1999) of individual sections of six long-term transects near Mt Kosciuszko and 

Mt Gungartan in the Kosciuszko alpine zone. 

KOSCIUSZKO GUNGARTAN 
Transect Section Class1 Transect Section Class 
Seam 89 Tussock South 
Seam 90 Tussock South 
Seam 91 Tussock South 
Seam 92 Tussock South 
Seam 93 Tussock South 
Seam 94 Tussock South 
Seam 95 Tussock South 
Seam 96 Tussock South 
Seam 97 Tussock South 
Seam 98 Tussock South 

1222 Depleted snow patch 
123 Bare 
124 Snow patch 
125 Intertussock 
126 Tussock 
127 Tussock 
128 Tussock 
129 Tussock 
130 Intertussock 
131 Bare 

Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 

Tussock 
Tussock 
Tussock 
Tussock 
Tussock 
Tussock 
Tussock 
Tussock 
Tussock 
Tussock 

Middle 
Middle 
Middle 
Middle 
Middle 
Middle 
Middle 
Middle 
Middle 
Middle 

133 
134 
135 
136 
137 
138 
139 
140 
1413

1423

Intertussock 
Intertussock 
Tussock 
Depleted snow patch 
Groundwater 
Groundwater 
Tussock 
Tussock 
Tussock 
Intertussock 

Clarke 111 Tussock North 144 Intertussock 
Clarke 112 Tussock North 145 Tussock 
Clarke 113 Tussock North 146 Tussock 
Clarke 114 Tussock North 147 Tussock 
Clarke 115 Tussock North 148 Intertussock 
Clarke 116 Tussock North 149 Tussock 
Clarke 117 Tussock North 150 Tussock 
Clarke 118 Tussock North 151 Tussock 
Clarke 119 Tussock North 152 Tussock 
Clarke 120 Tussock North 153 Tussock 
1 Tussock (≥ 50% unbroken tussock); intertussock (≥ 50% broken tussock with intertussock spaces ≤ 

0.6 m in diameter); bare (intertussock transects with large areas of bare ground, > 0.6 m in 
diameter); groundwater (≥ 50% ground-water communities). 2 Data from 1959 missing. 3 Permanent 
markers could not be relocated after 1978. 

All sections at the Kosciuszko transects were classed as tussock. The Gungartan 

sections, however, were from the entire spectrum of classes (Table 4.1). The classes 

were associated with specific vegetation communities. The vegetation on 

groundwater and snow patch sections was associated with the bog, fen and short 

alpine herbfield communities (sensu Costin et al. 2000). These sections required 

separate analysis due to their inherently different floristic composition and thus were 

considered independently from the other sections. Fifty-five out of the 60 sections 
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were classed as tussock, intertussock, or bare (Table 4.1). These contained largely 

tall alpine herbfield vegetation (cf. Terminology) in different states of disturbance 

(D. Wimbush, pers. comm. 2000). The initial distinction between tussock, 

intertussock and bare sections was based on the proportion of exposed soil at each 

section, which was largely a result of earlier grazing impacts (Helms 1893; Costin 

and Wimbush 1972; Wimbush and Costin 1979c; Worboys et al. 1995). The 

differences in time since grazing between the Kosciuszko and the Gungartan 

transects are reflected in the presence of intertussock and bare sections at Gungartan 

whereas at Kosciuszko all sections were tussock (Table 4.1). For the purpose of 

comparing the effects of former grazing on the vegetation and examining the process 

of recovery, the three classes tussock, intertussock and bare were therefore pooled in 

this study. Wimbush and Costin (1979c) analysed all classes separately. 

4.3.2 Vegetation sampling 

Vegetation along the transects was assessed for cover and species composition in 

1959, 1961, 1964, 1968, 1971, 1978, 1999 and 2002 for both locations, with 

additional sampling in 1990 for the Kosciuszko transects. Sampling occurred after 

the peak of the flowering and growing season (i.e. during February or March). Data 

collected after 1978 have not been previously analysed. The last survey (2002) was 

done by the author, with the initial assistance of Dane Wimbush (formerly Alpine 

Ecologist, CSIRO Division of Plant Industry) and Dave Woods (Environmental 

Officer, New South Wales National Parks Service) to ensure consistency in survey 

procedures and species identification. Previous surveys (until 1999) were done by 

Dane Wimbush and associated researchers. 

The vegetation on the transects was assessed using a point-quadrat sampling 

technique. A straight piece of high tensile wire (1 m long; 0.8 mm diameter) was 

lowered vertically beside the transect cord on its northern or western side. Live 

species touching the pin were recorded once at each point (if part of a leaf was green, 

it was regarded as live). Litter (dead vegetation), bare ground, or rock (largest visible 

horizontal dimension > 76 mm) was recorded if herbs or grasses were absent, 

whether or not shrubs were present. 
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During the first survey in 1959, 50 points were measured along each section at 305 

mm (12”) intervals, starting 152.5 mm (6”) from the first peg. From 1961 on, 

sampling effort was doubled and 99 points were measured at 152.5 mm intervals 

along each section, starting 152.5 mm from the first peg (Table 4.2) (Wimbush and 

Costin 1979c). 

The sampling distance of 152.5 mm between point quadrats ensured that most hits 

were scoring different specimens (with the exception of a few large species, e.g. 

Chionochloa frigida), while providing a representative picture of the diversity and 

cover even of smaller or rarer species. 

Table 4.2 Overview of the number of point quadrats in different vegetation communities 

along six transects in the Kosciuszko alpine zone from 1959 to 2002. 

# pq2 assessed during 
each survey from 1961 # pq assessed assessed 

to 2002 during the 1959 survey 
 # sections1 (99 pq/section) (50 pq/section) 
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Kosciuszko Seam 10 - - 990 - - 500 - -
Kosciuszko Flat 10 - - 990 - - 500 - -
Kosciuszko Clarke 10 - - 990 - - 500 - -
Gungartan South 8 2 - 792 198 - 400 100 -
Gungartan Middle 5 1 2 495 99 198 250 50 100 
Gungartan North 10 - - 990 - - 500 - -
1 Groups refer to the dominant vegetation community for each section. These correspond with the 
visual vegetation classes assessed in 1959 by Wimbush and Costin (1979c) as follows: tall alpine 
herbfield = tussock, intertussock and bare sections; snow patch = depleted snow patch and snow patch 
sections; groundwater = groundwater sections. 2 Point quadrats. 

All plants hit were identified to species level where possible. Species were then 

combined to genera level for the analysis, as some taxa could not be identified to 

species level in every survey. As the Kosciuszko alpine flora principally consists of 

genera represented by a single species (70 out of 109 genera), however, identifying 

genera identified the species for most taxa. The limitation of using genera rather than 

species is that it underestimates the importance of species rich genera such as 
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Agrostis (4 species recorded), Brachyscome (4), Craspedia (4), Deyeuxia (3), Poa (4) 

and Ranunculus (4). 

The relative contribution of each taxon or life form to the vegetation cover is a factor 

of its relative abundance and the density of its shoots (Carr and Turner 1959b). The 

contribution of a taxon or life form to the vegetation cover should therefore be 

considered in relation to the amount of overlapping cover it provides. Thus the data 

were used to calculate: (1) percentage overlapping cover for all genera and life forms 

(# of hits of genera or life forms / # of point quadrats × 100); (2) the relative measure 

of percentage overlapping cover of vegetation for all plant genera and life forms (# 

of hits of genera or life forms / total # of hits of vegetation × 100); (3) percentage 

cover of the herb and grass layer occupied by litter, bare ground, or rock (# hits / 

total # of point quadrats × 100); and (4) genera richness (biodiversity). In the context 

of this chapter, the terms ‘cover’ and ‘overlapping cover’ are henceforth used 

interchangeably to refer to overlapping cover for plant genera or life forms as 

described in (1) and for litter, bare ground and rock as described in (3). The terms 

‘relative cover’ and ‘relative overlapping cover’ are henceforth used interchangeably 

in this chapter to refer to overlapping cover of vegetation for plant genera and life 

forms as described in (2). 

Ordinations of genera composition and graphs of overlapping cover against time are 

presented to illustrate change or stability of the vegetation in time. 

4.3.3 Data analysis 

The data were graphed using genera-abundance curves and boxplots to check the 

distributions of the data and determine if the underlying assumptions for statistical 

analysis were met. Most genera were infrequent, but a few were very abundant, with 

Poa, for example, scoring over 600 hits on some sections. This spread of abundances 

is a common pattern in vegetation studies (Krebs 1994). Consequently, a log (x + 1) 

transformation was used to normalise the data before analysis. This increased the 

relative contribution of rare versus abundant species in the analysis (Anderson 2001). 

Repeated measures analyses of variance (ANOVA) using the statistical package 

SPSS version 10.0 were applied to test for differences in genera richness between 

transects, locations and years. Normality and homogeneity of variance were assessed 
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by examining Q-Q plots of the residuals and calculating FMax values. Repeated 

measures contrasts were used to examine the significance of changes between 

adjacent survey periods. 

Ordinations were used to examine changes in community composition at the 

transects over time. The Bray-Curtis index of similarity and semi-strong hybrid 

(SSH) ordinations were derived using PATN (Belbin 1994). The Bray-Curtis index 

was chosen as it does not attribute similarity to joint absences of species and is 

generally preferred over other metric measures for ecological studies (Minchin 1987; 

Clarke 1993; Hero et al. 1998; Anderson 2001). The optimal cut-off was determined 

from the histogram of association measures (Minchin 1987; Belbin 1991). 

At Gungartan, two of the permanent markers could not be relocated after 1978. As a 

result, two sections (141 and 142, see Table 4.1) were not surveyed after that date. 

To provide a consistent picture of the data over the entire time period (with particular 

reference to the ordinations), to keep the sample size consistent over time and to 

allow for repeated measures analysis (requires the same replicates each time), these 

sections were removed from the analysis for all years.  

4.4 RESULTS 

Results from all surveys between 1959 and 2002 are presented separately for tall 

alpine herbfield (corresponding to the visual classification of tussock, intertussock 

and bare sections), groundwater and snow patch sections. Emphasis is placed on the 

time period from 1978 onwards, as Wimbush and Costin (1979c) have discussed 

patterns for some of the data from 1959 to 1978. 

Preliminary analysis involved graphing the data for: (1) calendar year; and (2) time 

since grazing. The variation in the cover of litter, bare ground and some genera 

showed a strong relationship between the Kosciuszko and the Gungartan transects, 

even though the Kosciuszko transects were considered to be stable when the study 

was established, with little if any visible damage from livestock grazing (Wimbush 

and Costin 1979c). The main peaks and troughs in vegetation cover corresponded 

largely with extreme climatic conditions. Particularly dry conditions occurred during 

the period from 1961 to 1967 (commonly referred to as the 1960s drought) with 

annual precipitation of below 800 mm in 1967 (Wimbush and Costin 1979c; BOM 
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2003). Other dry periods occurred in the years 1972 and 1982 and during the summer 

of 1977/78 (Wimbush and Costin 1979c; SMHEA 2001; BOM 2003). This indicated 

that the short-term variation due to climatic influences (e.g. drought) may be larger 

than the longer-term variation due to the recovery from grazing. Thus, the calendar 

year time scale was more meaningful than time-since-grazing. 

In the following sections, the results for bare areas, rock and litter are examined, 

followed by the results for cover of life forms and genera richness. Then, the cover of 

individual species in tall alpine herbfield sections is examined, as well as patterns in 

species composition over time, before a briefer evaluation of the groundwater and 

snow patch sections. 

4.4.1 Bare areas, rock and litter 

One of the most noticeable indicators of past disturbances in tall alpine herbfield 

vegetation is the large areas of bare ground, litter and exposed rocks. With the 

removal of disturbance (e.g. cessation of grazing, drought breaking precipitation), 

there should be a reduction in bare areas, litter and to a lesser degree rock, as 

vegetation recovers. For example, in the initial survey in 1959, bare ground ranged 

from 5-14% at Gungartan and 1-2% at Kosciuszko, reflecting the difference in the 

time since grazing ceased at the two locations (Figure 4.2a). The extent of bare 

ground at the Kosciuszko transects changed little during the 43 year period between 

1959 and 2002, only rising above 3% in 1968, at the end of a severe drought. At the 

Gungartan transects, however, there has been a continuous reduction in bare ground 

since the cessation of grazing with between 4-8% in 1978 and less than 3% in 2002 

(Figure 4.2a). Thus by 2002, the extent of bare areas for the Gungartan and 

Kosciuszko transects were comparable (Figure 4.2a) and were similar to undisturbed 

tall alpine herbfields (Costin et al. 2000). Diagrams of sections 123 and 131 at 

Gungartan South, which were originally classed as bare, illustrate how areas of bare 

ground gradually disappeared as the sections were colonised by herbs and grasses 

(Appendix II B, Figure A 18). Similar patterns were observed on snow patch sections 

(122 and 124) at Gungartan South (Appendix II C, Figures A 31 & A 32). 

The slightly higher values for bare ground for the Kosciuszko Seam, compared to the 

Kosciuszko Flat and Clarke transects, may be due to the greater cover of shrubs at 
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that transect12 and the presence of small areas of surface water/short alpine herbfield 

as discussed later. 

There was little exposed rock at the Kosciuszko transects in all surveys, while at 

Gungartan, rock accounted for between 4% and 16% of cover in the initial survey 

(Figure 4.2b). Although there was a reduction in the area of rock at Gungartan over 

time, in the 2002 survey it still remained higher than at Kosciuszko, potentially 

reflecting greater soil loss at this location. For example, there were lichen-free 

exposed rocks at Gungartan South and Gungartan Middle in 2002, indicating that 

several centimetres of topsoil may have been lost on these transects (pers. obs. by 

author). A reduction in the cover of rocks by the accumulation of soil and the 

expansion of vegetation is likely to be slow, as soil formation in alpine environments 

is slow and few species are able to spread onto bare rock. Consequently, there has 

been little change in the extent of exposed rock since 1978. 

Litter cover was initially relatively low at all but the Kosciuszko Seam transect. It 

increased sharply at all transects during the 1960s drought to 16-35% in 1968. With a 

return to more normal levels of precipitation, litter cover decreased to 4-20% in 

1978. With above average precipitation in 1999 litter cover further declined to below 

11% at all six transects, before increasing again at several transects in 2002 

following dry conditions (Figure 4.2c). 

12 The extent of bare areas was recorded at the herb and grass layer level. Thus, bare areas could be 
recorded underneath shrubs, but not underneath herbs or grasses. Shrubs generally shaded out much of 
the vegetation beneath them, thus scores below shrubs were predominately litter or bare ground.  
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Figure 4.2 Percentage cover of (a) bare ground, (b) rock and (c) litter in tall alpine herbfield 

vegetation along six transects in the Kosciuszko alpine zone from 1959 to 2002. 
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4.4.2 Life forms 

Grasses made up the bulk of vegetation in 1959, ranging in relative cover from 

around 70% at Gungartan South to 20% at Kosciuszko Seam (Figure 4.3a).  

The drought years from 1961 to 1967 resulted in a strong decline in the cover of 

grasses (Figure 4.4a). This change is reflected in the dramatic increase in litter cover 

during that period Figure 4.2c. In the following seven years, the cover and relative 

cover of grasses increased and by 1978 had recovered to pre-drought levels. Twenty-

four years later, in 2002, the cover of grasses was similar to 1978 levels (Figure 

4.4a). Over 90% of the grass cover was accounted for by only two of the eight genera 

of grasses recorded, the widespread snow-grasses (Poa spp.) and the wallaby-grasses 

(Rytidosperma spp.) (cf. Section 4.4.7). 

Herbs made up the second largest component of vegetation, ranging, in 1959, from 

20 to 40% of relative cover (Figure 4.3b). Cover ranged from about 20% at 

Gungartan South to almost 80% at Kosciuszko Seam (Figure 4.4b). Herb cover was 

initially greater at Kosciuszko than at Gungartan and remained greater. It fluctuated 

strongly until 1978 but appears to have remained fairly stable since (Figure 4.4b). 

Between the first two survey years, herb cover declined, followed by a strong 

increase by 1964 as the cover of grasses declined with the onset of the drought. As 

the drought continued, herb cover also declined before a marked recovery by 1971, 

three years after the drought. Herbs responded more quickly than grasses to increased 

precipitation, but as the grass cover increased (Figure 4.4a), herb cover declined until 

1978 and subsequently appears to have levelled out, remaining relatively stable until 

2002 (Figure 4.4b). The relative cover of herbs increased strongly between 1961 and 

1971 before decreasing to pre-drought levels by 1978 as the relative cover of grasses 

strongly increased during that period (Figure 4.3a, b). 

Shrub cover was highly variable between transects. It was below 8% at all but 

Gungartan North (16%) and Kosciuszko Seam (44%) transects in 1959 (Figure 4.4c). 

Cover at Kosciuszko Seam declined to 30% by 1968. In the last 24 years, cover of 

shrubs increased by more than 15% at both Gungartan North and Kosciuszko Seam 

reaching above 50% in cover (Figure 4.4c). There also was a minor increase in shrub 

cover and relative cover at the other transects between 1978 and 2002 (Figures 4.3c 

& 4.4c). Much of this increase has been due to vegetative growth of maturing plants 
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rather than the establishment of new plants (pers. obs. by author; cf. Appendix II A 

Figures A 4a & 5a and Chapter 5 for examples). 

The cover of rushes, dominated by the rhizomatous perennial Empodisma minus, was 

also highly variable between transects, but was below 20% at all transects in 1959 

(Figure 4.4d). Cover was greatest for all years at the highly diverse Kosciuszko Seam 

transect, closely followed by Gungartan North. Rush cover decreased to below 8% 

by 1971, indicating that the drought severely affected them. Following the drought, 

cover of rushes increased at all transects, reaching almost 40% (~20% relative cover) 

at Kosciuszko Seam and above 25% (~18% relative cover) at Gungartan North in 

2002, but remaining below 5% at all other transects (Figures 4.3d & 4.4d). In 2002, 

cover of rushes at Kosciuszko and Gungartan was almost twice that in 1959. 

Clubmosses had the least cover of the measured life forms (Figure 4.4e). After an 

increase in the first few years of the study, cover strongly declined in response to the 

drought. Cover of clubmosses was at its lowest in 1978, after grasses had recovered 

from the drought. Cover increased from below 0.6% at all transects in 1959, to more 

than 3% at Kosciuszko Flat by 2002, with similar increases at Kosciuszko Clarke and 

Gungartan South (Figure 4.4e). Clubmosses were absent at Gungartan Middle and 

had cover of below 0.4% at Kosciuszko Seam and Gungartan North in all surveys 

(Figure 4.4e). 

Mosses were represented at all transects, with Polytrichum species often growing on 

otherwise bare areas in intertussock spaces or underneath shrubs. Sphagnum species 

prefer damper areas and were restricted to the Gungartan Middle transect. Moss 

cover in 1959 was 28% at Kosciuszko Flat but below 6% at all other transects. Cover 

generally decreased during the drought but increased in subsequent surveys. Since 

1978, however, the cover of mosses decreased at all transects, falling to below 3% at 

all but the Kosciuszko Flat transect (16%) by 2002 (Figure 4.4f). 

The cover of sedges was highly variable between transects and over time. Variation 

was greatest at Gungartan South, where cover declined from almost 17% in 1959 to 

0.3% in 1978 before increasing to 13% by 2002 (Figure 4.5). 
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Figure 4.3 Relative cover of (a) grasses, (b) herbs, (c) shrubs, (d) rushes, (e) clubmosses and 

(f) mosses in tall alpine herbfield vegetation along six transects in the Kosciuszko alpine 

zone from 1959 to 2002. 
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Figure 4.4 Cover of (a) grasses, (b) herbs, (c) shrubs, (d) rushes, (e) clubmosses and (f) 

mosses in tall alpine herbfield vegetation along six transects in the Kosciuszko alpine zone 

from 1959 to 2002. 
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Figure 4.5 Cover of sedges in tall alpine herbfield along six transects in the Kosciuszko 

alpine zone from 1959 to 2002. 

4.4.3 Genera richness 

A summary of all genera of vascular species recorded and the survey in which they 

were recorded is shown in Tables 4.3 & 4.4. As expected, the flora consisted of 

mostly tall alpine herbfield species. A number of shrubs typically found in heath 

were also present, giving an indication of the diversity and variability of the tall 

alpine herbfield community. The Kosciuszko Seam transect crossed some small areas 

with exposed pebbles and light flow of water. This is reflected in the presence of 

some short alpine herbfield species, including Drosera arcturi and Juncus 

antarcticus, not recorded at any of the other transects. 

Seventy-eight plant genera from 34 families were identified at the tall alpine 

herbfield transects (Tables 4.3 & 4.4). Of these, 43 genera were herbs, 14 shrubs, 

eight grasses, six sedges and three rushes. Asteraceae was the most diverse family 

represented with 16 genera, followed by Poaceae (8), Cyperaceae (6), Apiaceae (5) 

and Epacridaceae (4). This compares to a total of seventy-six plant genera from 37 

families described by Costin (1954) as typically occurring in tall alpine herbfield 

vegetation (sensu Costin 1954). As described earlier, the definition of tall alpine 
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herbfield vegetation in this thesis includes sod-tussock grassland species, which 

Costin described separately in his work (Costin 1954). The occurrence of several 

shrubs typically found in heath, bog or feldmark communities also contributed to the 

high genera diversity at the transects. 

Genera richness per transect increased at both locations during the 43-year survey 

period (Tables 4.3 & 4.4 and Figure 4.6). Genera richness per transect increased at 

Gungartan from 16.3 ± 1.5 in 1959 to 30.3 ± 2.4 in 2002 and at Kosciuszko from 

28.3 ± 4.1 in 1959 to 36 ± 4.4 in 2002 (Figure 4.6). Genera richness per section 

increased significantly between 1959 and 2002 from 10 to 13 at Kosciuszko and 

from 8 to 13 at Gungartan (Table 4.5). 
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Table 4.3 Presence of taxa recorded on sections of three transects located near Mt Kosciuszko in Kosciuszko National Park during nine surveys from 1959 

to 2002 in tall alpine herbfield (equivalent to tussock, intertussock and bare sections according to Wimbush and Costin (1979c). 
Kosciuszko Seam Kosciuszko Flat Kosciuszko Clarke 

‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘90 ‘99 ‘02 ‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘90 ‘99 ‘02 ‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘90 ‘99 ‘02Taxa Family LF1 Main habitats2 

Acaena spp. Rosaceae h TAH, STG, H × × × × 
*Acetosella vulgaris Polygonaceae h × × × × × × × × × × × × × × × × × × × × 
Aciphylla spp. Apiaceae h TAH, STG × 
Agrostis spp. Poaceae g TAH, STG, SAH, F, B  ×  × × × × × × × × × ×  ×  × × ×  
Asperula spp. Rubiaceae h TAH, STG, H  ×  ×  × × × × ×  ×  × ×  
Astelia spp. Liliaceae/Asteliacea h TAH, B  × × × × × × × × ×  
Australopyrum velutinum Poaceae g TAH, STG  ×  × ×  × ×  ×  ×  
Baeckea gunniana Myrtaceae s B, H  × × × × × × × × × ×  
Brachyscome spp. Asteraceae h TAH, STG, H, B, FM  × × × × × ×  × ×  × × × × × × ×  
Caltha introloba Ranunculaceae h SAH × × × × × × × 
Cardamine spp. Brassicaceae h TAH, STG, SAH, B  ×  × × ×  × × × × ×  
Carex spp. Cyperaceae sd TAH, STG, F, B  × × × × × × × × × × × × × × × × × × × × × × × × × × ×  
Carpha nivicola Cyperaceae sd F, B × 
Cassinia aculeata Asteraceae 
Celmisia sp. Asteraceae 

× 
s 
h TAH, STG, B  × × × × × × × × × × × × × × × × × × × × × × × × × × ×  

**Chionochloa frigida Poaceae g TAH  × × × × × × × ×  ×  ×  
Chionogentias muelleriana subsp. alpestris Gentianaceae h TAH, STG  × × × × × × × × × × × × × × × × × ×  × ×  
Colobanthus spp.  Caryophyllaceae h TAH, FM, SAH 
Cotula alpina Asteraceae h TAH, STG,  B 
Craspedia spp. Asteraceae h TAH, STG  × × × × × × × × × × × × × × × × × × × × × × × × × × ×  
Deyeuxia spp. Poaceae g TAH, STG, F, B, H  × × × × × × ×  ×  × × × × ×  ×  × ×  
**Dichosciadium ranunculaceum var. Apiaceae h TAH, SAH, B × × × × 
Diplaspis nivis Apiaceae h TAH, SAH, B  × × × × × × ×  
Drosera arcturi Droseraceae h B, SAH × × × × × 
Empodisma minus Restionaceae r TAH, STG, B  × × × × × × × × × × × × ×  × × × × × × × ×  × × × ×  
Epacris spp. Epacridaceae s TAH, STG, FM, H, B  × × × × × × × × × × ×  × × × × × × × × × × × × × × ×  
Epilobium spp.  Onagraceae h TAH, STG, B, H, SAH × × × × × × 
Erigeron spp. Asteraceae h TAH, STG, SAH × 
Euchiton spp. Asteraceae h TAH, STG × × × × × × × × × × × × × × × 
Euphrasia spp.  Scrophulariaceae h TAH, STG, SAH, H, F  × × × × × × ×  × × × ×  × × × × × ×  × × ×  × × ×  
Ewartia nubigena Asteraceae h TAH, FM 
Exocarpos nanus Santalaceae s TAH, H × × × × × × 
Gonocarpus micranthus subsp. micranthus Haloragaceae h STG, F, B × × 
Grevillea australis Proteaceae s H × × × × × × × × 
Helichrysum scorpioides Asteraceae h TAH × × × × × × × × × 
Hierochloe submutica Poaceae g TAH 
Huperzia australiana Lycopodiaceae 
Hydrocotyle sp. Apiaceae 

× 
cm B 
h 

*Hypochaeris radicata Asteraceae 
Isolepis spp. Cyperaceae 

× × × × 
h 
sd STG, SAH, F, B  × × × × ×  × × ×  ×  

Juncus spp. Juncaceae r SAH, B, F  × × × × × ×  ×  
Kelleria dieffenbachii Thymelaeaceae s FM × 
Leptinella filicula Asteraceae h 
Leptorhynchos squamatus s.l. Asteraceae h TAH, STG 
Leucopogon montanus Epacridaceae s H × × × × × × × × × × × × 

68 



Kosciuszko Seam Kosciuszko Flat Kosciuszko Clarke 
‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘90 ‘99 ‘02 ‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘90 ‘99 ‘02 ‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘90 ‘99 ‘02Taxa Family LF1 Main habitats2 

Luzula spp. Juncaceae r TAH, STG, SAH, B, F  × ×  × × × × × × × × × × × × × × × ×  × × × × ×  
Lycopodium spp. Lycopodiaceae cm TAH, B, H  × × × × ×  × × ×  ×  × × ×  × × × × × × × × × × × ×  
Melicytus sp. Violaceae s H × × × × × × × × × × × × × × × × 
Microseris lanceolata Asteraceae h TAH, STG  × × × × × × × × × ×  × ×  × × × × × × ×  × × ×  
Moss spp.  mo  × × × × × × × × × × × × × × × × × × × ×  × × × × × ×  
Myriophyllum pedunculatum subsp. pedunculatum Haloragaceae h F ×

Neopaxia australasica Portulacaceae h TAH, SAH 
 ×  × × × × × × ×  ×  × × × × 

Olearia spp. Asteraceae s H
 × × × × × × × × ×

Oreobolus spp. Cyperaceae sd TAH, B, SAH, F 
 × × × × × × × × ×  × × × × × 

Oreomyrrhis spp. Apiaceae h TAH, SAH, H, B, FM 
 × × × × × × × ×  × ×  × × × × × × × × × × × × × ×  
Oxylobium ellipticum Fabaceae s H ×  × 

Pentachondra pumila Epacridaceae s TAH, STG, FM, H 
 × × × × × × × × × × × × × × × × × ×  × × × × × × ×  
**Phebalium ovatifolium Rutaceae s H × × × × × ×

Pimelea spp.  Thymelaeaceae s TAH, STG, H 
 × × × × × × × × × × × × × ×  × × × × × × × × ×  × ×  
Plantago spp.  Plantaginaceae h TAH, STG, SAH, B × × × × × × × × × × ×

Poa spp. Poaceae g TAH, STG, F, B, H 
 × × × × × × × × × × × × × × × × × × × × × × × × × × ×  
Prasophyllum spp. Orchidaceae h TAH, STG, B  × × ×  × × × ×  ×  × × ×  × ×  
Pratia surrepens s.l. Lobeliaceae h STG, F, B ×

Ranunculus spp. Ranunculaceae h TAH, STG, H, F, FM,
 × × × × × × × × × × × ×  × × × × ×  × × 

Richea continentis Epacridaceae s B
 × × × × × × × × × × × × × × × 
Rytidosperma spp. Poaceae g TAH, STG, SAH, F  ×  × × × × × × × × × × × × × × × × × × × × × × × × ×  
Schoenus sp. Cyperaceae sd SAH × ×

Scleranthus spp.  Caryophyllaceae h TAH, STG, FM 
 ×  × ×  × × × × × ×  ×  × ×  
Senecio spp. Asteraceae h TAH, STG, FM  ×  × ×  × ×  × × × × × × ×  × × × × 

Stackhousia pulvinaris Stackhousiaceae h TAH, STG 
 × × × × × ×  × × × × × × × × × ×  ×  × ×  
Stellaria pungens Caryophyllaceae h TAH 
Stylidium sp. (aff. graminifolium) Stylidiaceae h TAH, STG, H, B  × × × × × × × × ×  
*Taraxacum officinale sp. agg. Asteraceae 
Trisetum spicatum subsp. australiense Poaceae 

×  × ×  
h 
g TAH, STG  × × ×  ×  × × × × × × × × × × × ×  × × × × ×  

Uncinia spp. Cyperaceae sd TAH, STG × × × × × 
Viola betonicifolia subsp. betonicifolia Violaceae h TAH, STG  × × × × × × × × × × × × × × × × × ×  × × × × × ×  
Wahlenbergia spp.  Campanulaceae h TAH, STG  ×  × ×  × ×  × × 

Grass unidentified g
 × ×  × 

Herb unidentified h
 × ×

Bare ground
 × × × × × × × × × × ×  × × × × × × × × × × × × × × ×  
Lichen × × × × × × × ×

Litter
 × × × × × × × × × × × × × × × × × × × × × × × × × × ×  
Liverwort 
Rock × × × × × × × × × × × × × × × × × 
Watercourse × 

*introduced species; **species endemic to Kosciuszko alpine zone; 1LF = Life form: h = herb, g = grass, s = shrub, sd = sedge, r = rush, cm = clubmoss, mo = moss; 2Main habitat in which species is found 
according to Costin et al. (2000): TAH = tall alpine herbfield, STG = sod tussock grassland, SAH = short alpine herbfield, FM = feldmark, H = heath, B = bog, F = fen. 
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Table 4.4 Presence of taxa recorded on sections of three transects located near Mt Gungartan in Kosciuszko National Park during eight surveys from 1959 

to 2002 in tall alpine herbfield (equivalent to tussock, intertussock and bare sections according to Wimbush and Costin (1979c). 
Gungartan South Gungartan Middle Gungartan North 

‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘99 ‘02 ‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘99 ‘02 ‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘99 ‘02Taxa Family LF1 Main habitats2 

Acaena spp. Rosaceae h TAH, STG, H × ×  × ×  × × × × × × ×  × × × × × ×  
*Acetosella vulgaris Polygonaceae h × × × × × × × ×  × × × × × × × × × × × × × × × ×  
Aciphylla spp. Apiaceae h TAH, STG × × × × × × × 
Agrostis spp. Poaceae g TAH, STG, SAH, F, B, FM × × × × × × × × × × × × ×  × × 
Asperula spp. Rubiaceae h TAH, STG, H × × × ×  × ×  × × × × × × × ×  
Astelia spp. Liliaceae/Asteliacea h TAH, B 
Australopyrum velutinum Poaceae g TAH, STG × × × × × × × × × × 
Baeckea gunniana Myrtaceae s B, H × × × × ×  
Brachyscome spp. Asteraceae h TAH, STG, H, B, FM × × × × × × × ×  × × × × ×  ×  × × ×  
Caltha introloba Ranunculaceae h SAH × 
Cardamine spp. Brassicaceae h TAH, STG, SAH, B × × × × 
Carex spp. Cyperaceae sd TAH, STG, F, B × × × × × × × ×  × × × × × × × × × × × × × × × ×  
Carpha nivicola Cyperaceae sd F, B × 
Cassinia aculeata Asteraceae s × × 
Celmisia sp. Asteraceae h TAH, STG, B × × × × × × × ×  × × × × × × × × × ×  
**Chionochloa frigida Poaceae g TAH 
Chionogentias muelleriana subsp. alpestris Gentianaceae h TAH, STG × × 
Colobanthus spp. Caryophyllaceae h TAH, FM, SAH × × ×  ×  
Cotula alpina Asteraceae h TAH, STG, B ×  × × ×  × × ×  
Craspedia spp. Asteraceae h TAH, STG × × ×  × × × × × × × × × × × × ×  
Deyeuxia spp. Poaceae g TAH, STG, F, B, H × × × × × × × × × × × × 
**Dichosciadium ranunculaceum var. ranunculaceum Apiaceae h TAH, SAH, B 
Diplaspis nivis Apiaceae h TAH, SAH, B 
Drosera arcturi Droseraceae h B, SAH 
Empodisma minus Restionaceae r TAH, STG, B × × × × × × × × × × ×  
Epacris spp. Epacridaceae s TAH, STG, FM, H, B × × × × × × × × 
Epilobium spp. Onagraceae h TAH, STG, B, H, SAH, FM × × × × ×  ×  × × × × ×  
Erigeron spp. Asteraceae h TAH, STG, SAH × × × × × × × × × 
Euchiton spp. Asteraceae h TAH, STG × × × × × ×  ×  × × ×  ×  × ×  × ×  ×  
Euphrasia spp. Scrophulariaceae h TAH, STG, SAH, H, F  × × × 
Ewartia nubigena Asteraceae h TAH, FM ×  × × × ×  ×  × × × × × × ×  
Exocarpos nanus Santalaceae s TAH, H 
Gonocarpus micranthus subsp. micranthus Haloragaceae h STG, F, B × × × ×  ×  
Grevillea australis Proteaceae s H × × × × × × 
Helichrysum scorpioides Asteraceae h TAH × 
Hierochloe submutica Poaceae g TAH 
Huperzia australiana Lycopodiaceae cm B 
Hydrocotyle sp. Apiaceae h 
*Hypochaeris radicata Asteraceae h × ×  × ×  × × × ×  ×  
Isolepis spp. Cyperaceae sd STG, SAH, F, B × ×  × × ×  
Juncus spp. Juncaceae r SAH, B, F × 
Kelleria dieffenbachii Thymelaeaceae s FM 
Leptinella filicula Asteraceae h × 
Leptorhynchos squamatus s.l. Asteraceae h TAH, STG × × × × × × × × 
Leucopogon montanus Epacridaceae s H × × × × × 
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Gungartan South Gungartan Middle Gungartan North 
‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘99 ‘02 ‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘99 ‘02 ‘59 ‘61 ‘64 ‘68 ‘70 ‘78 ‘99 ‘02Taxa Family LF1 Main habitats2 

Luzula spp. Juncaceae r TAH, STG, SAH, B, F, FM ×  × × × ×  ×  × × × × × × × × × × × ×  
Lycopodium spp. Lycopodiaceae cm TAH, B, H × × × × × × × × × × × 
Melicytus sp. Violaceae s H × × ×  × ×  × × ×  × × × × ×  ×  × ×  
Microseris lanceolata Asteraceae h TAH, STG × × × × × × × × × × × × × × 
Moss spp. mo × × × × × × × ×  × × × × × × × × × × ×  × × × ×  
Myriophyllum pedunculatum subsp. pedunculatum Haloragaceae h F 
Neopaxia australasica Portulacaceae h TAH, SAH × × × × × ×  ×  × × × × ×  × ×  
Olearia spp. Asteraceae s H × × × 
Oreobolus spp. Cyperaceae sd TAH, B, SAH, F 
Oreomyrrhis spp. Apiaceae h TAH, SAH, H, B, FM × × × × × 
Oxylobium ellipticum Fabaceae s H 
Pentachondra pumila Epacridaceae s TAH, STG, FM, H  × × 
**Phebalium ovatifolium Rutaceae s H 
Pimelea spp. Thymelaeaceae s TAH, STG, H × × × × × × × ×  × × × × × × × × × × × × × × × ×  
Plantago spp. Plantaginaceae h TAH, STG, SAH, B × × × × × 
Poa spp. Poaceae g TAH, STG, F, B, H × × × × × × × ×  × × × × × × × × × × × × × × × ×  
Prasophyllum spp. Orchidaceae h TAH, STG, B × × 
Pratia surrepens s.l. Lobeliaceae h STG, F, B × 
Ranunculus spp. Ranunculaceae h TAH, STG, H, F, FM, B × × × × × 
Richea continentis Epacridaceae s B ×  × × × ×  
Rytidosperma spp. Poaceae g TAH, STG, SAH, F × × × × × ×  × × × × × ×  × × × × × × ×  
Schoenus sp. Cyperaceae sd SAH × 
Scleranthus spp. Caryophyllaceae h TAH, STG, FM × × × × × × × × × × × × × 
Senecio spp. Asteraceae h TAH, STG, FM × ×  ×  × × × × × × × × × × × × ×  
Stackhousia pulvinaris Stackhousiaceae h TAH, STG 
Stellaria pungens Caryophyllaceae h TAH  × 
Stylidium sp. (aff. graminifolium) Stylidiaceae h TAH, STG, H, B 
*Taraxacum officinale sp. agg. Asteraceae h × 
Trisetum spicatum subsp. australiense Poaceae g TAH, STG × × × × × × × 
Uncinia spp. Cyperaceae sd TAH, STG 
Viola betonicifolia subsp. betonicifolia Violaceae h TAH, STG ×  × × × ×  × × × × × × × × × ×  ×  
Wahlenbergia spp. Campanulaceae h TAH, STG 
Grass unidentified g × × × × × × 
Herb unidentified h 
Bare ground × × × × × × × ×  × × × × × × × × × × × × × × × ×  
Lichen × × × × × × × 
Litter × × × × × × × ×  × × × × × × × × × × × × × × × ×  
Liverwort ×  × × ×  
Rock × × × × × × × ×  × × × × × × × × × × × × × × × ×  
Watercourse × ×  ×  
*introduced species; **species endemic to Kosciuszko alpine zone; 1LF = Life form: h = herb, g = grass, s = shrub, sd = sedge, r = rush, cm = clubmoss, mo = moss; 2Main habitat in which species is found 
according to Costin et al. (2000): TAH = tall alpine herbfield, STG = sod tussock grassland, SAH = short alpine herbfield, FM = feldmark, H = heath, B = bog, F = fen. 
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Figure 4.6 Number of plant genera on tall alpine herbfield sections along six transects in the 

Kosciuszko alpine zone from 1959 to 2002. 

Table 4.5 Change in genera richness on tall alpine herbfield sections along six transects in 

the Kosciuszko alpine zone from 1959 to 2002. Values are means ± standard error. 

Kosciuszko Gungartan 
Genera richness/section 1959 9.8 ± 0.8 8.0 ± 0.6 
Genera richness/section 1978 11.5 ± 1.1 10.8 ± 0.8 
Genera richness/section 2002 13.0 ± 0.9 13.4 ± 0.9 

p F p F 
Repeated measures 0.000  11.8 0.000  31.9 
Contrasts 1959 - 1978 0.011 7.5 0.000 20.4 
Contrasts 1978 - 2002 0.001 15.3 0.002 12.5 

While the rate of increase was fairly rapid between 1959 and 1964, genera richness 

had declined at all transects by 1968, the last year of the drought. Since then, genera 

richness increased slightly at Kosciuszko and more dramatically at Gungartan 

(Figure 4.6). 
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Overall herbs had the highest genera diversity followed by shrubs and grasses 

(Tables 4.3 & 4.4). At the species level, however, grass and shrub diversity was 

about the same (17 species). At the Kosciuszko transects, a total of 65 genera of 

vascular plants was recorded between 1959 and 2002. This included 35 genera of 

herbs, 13 genera of shrubs, eight genera of grasses, six genera of sedges and three 

genera of rushes (Table 4.3). The genera richness of the Kosciuszko transects was 

different in 1959 and remained different during the 43-year survey period (Figure 

4.6). Genera richness was highest at the Kosciuszko Seam transect, with 61 genera 

being recorded during the 43 year period, followed by Kosciuszko Flat with 49 

genera and Kosciuszko Clarke with 39 genera (Table 4.3).   

Fewer genera were recorded at the Gungartan transects. Of the 57 genera recorded, 

34 were herbs, ten shrubs, six grasses, four sedges and three rushes (Table 4.4). In 

every year surveyed, the Gungartan North transect had a clearly higher diversity of 

genera than Gungartan South and Gungartan Middle which were very similar 

(although a statistical test does not have enough power to show this). However, the 

total number of genera recorded during the 43 year period was more even among the 

Gungartan transects than at Kosciuszko. Forty-four genera were recorded overall at 

Gungartan North, 42 at Gungartan Middle and 39 genera at Gungartan South. 

Several additional genera were recorded during the course of the study. At 

Gungartan, nine genera of herbs (Acaena, Aciphylla, Chionogentias, Erigeron, 

Euphrasia, Hypochaeris, Microseris, Oreomyrrhis and Ranunculus), three genera of 

grasses (Deyeuxia, Rytidosperma and Trisetum), four genera of shrubs (Grevillea, 

Leucopogon, Olearia and Richea), and one genus each of sedge (Oreobolus) and 

clubmoss (Lycopodium) became established and persisted after the initial 1959 

survey (Table 4.4). In addition, Prasophyllum spp. were recorded for the first time in 

2002. 

At the Kosciuszko transects there were six genera of herbs (Acaena, Diplaspis, 

Drosera, Euchiton, Plantago and Wahlenbergia), one grass (Deyeuxia) and two 

shrubs (Grevillea and Phebalium) that became established and persisted after the 

1959 survey (Table 4.3). In 2002, Aciphylla and Hierochloe were also recorded for 

the first time. 
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4.4.4 Colonising species 

Several alpine species are known to favour the bare areas and litter that are found in 

intertussock spaces, in eroded areas, or after trampling or insect herbivory (Totterdell 

and Nebauer 1973; Keane 1977; Wimbush and Costin 1979c; Parr-Smith and Polley 

1998; Costin et al. 2000). These so called colonising species (cf. Chapter 3) may 

benefit from the lack of competition (Kirkwood 2001) and often play a key role by 

stabilising the soil through the provision of vegetation cover (Edwards 1977; Mallen-

Cooper 1990; Costin et al. 2000). In undisturbed tall alpine herbfield, colonising 

species are likely to have low cover and abundance, or may even be absent. This was 

apparent in the low cover recorded for colonising species at the Kosciuszko transects, 

even in 1959 (Figures 4.2a & 4.7). At Gungartan, however, there was initially a 

moderate cover by colonisers, which declined over time. The higher cover of 

colonising species at the Gungartan transects compared to Kosciuszko corresponds to 

the extent of bare areas available for colonisation (Figure 4.7). At Gungartan, cover 

of colonising species showed an increase during the first decade after grazing ceased, 

followed by a strong decline until 1978. Since then, cover stabilised at low levels or 

disappeared entirely. The decrease in bare areas and increasing competition from the 

dominant herbs and grasses are likely contributors to this decline. 

The most abundant colonising species, which were recorded during this study, were 

*Acetosella vulgaris, Agrostis spp., Neopaxia australasica and Ewartia nubigena. 

Euchiton spp., another good coloniser of bare areas (cf. Chapter 6) was also present. 

The naturalised perennial herb, *Acetosella vulgaris (Sheep Sorrel), is a small 

rhizomatous colonising species (Blood 2001). It is widespread throughout the alpine 

area, often found in areas of natural or human disturbance (Mallen-Cooper 1990; 

Costin et al. 2000; Pickering et al. 2003c). The cover of A. vulgaris was 15 and 11% 

at Gungartan Middle and South respectively and reached up to 32% in 1964 at 

Gungartan Middle before decreasing to below 6% by 1978 (Figure 4.7a). Cover was 

very low (< 2%) at Kosciuszko, only briefly increasing to 3% in 1968 at Kosciuszko 

Clarke after several years of drought conditions. By 1978 the cover of A. vulgaris 

had dropped to below 1%. 

The small colonising grasses Agrostis spp. were absent or had very low cover after 

1978, with the highest cover at the Kosciuszko Flat transect further decreasing from 
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4 to 2% (Figure 4.7b). Cover before 1978 was fluctuating, but decreased from a 

maximum of 11% in 1959 at Kosciuszko Flat, which, at all times, had the highest 

cover of all transects. Agrostis spp. were not recorded at Kosciuszko Seam, but made 

up 2-4% of vegetation cover in 1964 at the three Gungartan transects, before 

dropping again below 1% (Figure 4.7b). 

The cover of the native rhizomatous herb Neopaxia australasica (White Purslane) 

reached up to 14% at the Kosciuszko Flat transect in 1971, but almost disappeared 

from all the transects since 1978 with cover decreasing to below 1% (Figure 4.7c).  

The cover of the mat-forming perennial shrub Ewartia nubigena (Silver Ewartia) at 

the Gungartan transects declined from 1-6% in 1959 to below 1% in 1978 and to zero 

in 2002 (Figure 4.7d). Ewartia nubigena was absent from the Kosciuszko transects 

for all surveys. Once established in a bare area, E. nubigena gradually expands 

vegetatively, forming a dense mat (see also Chapter 5) and covering more and more 

bare areas. Nevertheless, with the increase of overall vegetation cover at the 

Gungartan transects, E. nubigena disappeared entirely from the transects. 

Euchiton argentifolius forms dense mats of low stature which can establish and 

gradually expand in bare areas (cf. Chapter 5). Cover of Euchiton spp. was generally 

below 0.5%, only rising above that to 1% at Gungartan South in 1971 (Figure 4.7e). 

The one species of native violet in the alpine zone, Viola betonicifolia (Showy 

Violet), is a small tufted perennial herb. Although not spreading vegetatively like 

some other colonizing herbs, it does increase in abundance in bare areas, but appears 

to be overgrown when larger herbs and grasses become established (Kirkwood 

2001). The cover of the native violet varied considerably between 1959 and 1978, 

reaching above 4% cover at Gungartan Middle in 1971, before decreasing to below 

1.3% by 1978 (Figure 4.7f). Since then, cover of V. betonicifolia remained fairly 

steady until 2002 with the exception of Kosciuszko Clarke. At Kosciuszko Clarke, 

cover rose from 0.1% in 1990 to 2% by 2002. Viola betonicifolia was not recorded at 

Gungartan North after 1961. 
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Figure 4.7 Cover of the colonising species (a) *Acetosella vulgaris, (b) Agrostis spp., (c) 

Neopaxia australasica, (d) Ewartia nubigena, (e) Euchiton spp. and (f) Viola betonicifolia 

along six transects in the Kosciuszko alpine zone from 1959 to 2002. 
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4.4.5 Abundant herbs 

As the name suggests, tall alpine herbfields have a high proportion of herb species. 

Costin (1954) listed over 90 herb species as characteristic of the Celmisia-Poa tall 

alpine herbfield community. This compares to 43 herb species out of a total of 85 

vascular plant species recorded during the 43-year alpine transect study. Two genera, 

Celmisia and Craspedia had the highest proportion of cover of any of the herbs. 

There are two species of the native perennial tufted herb Celmisia that are common 

in the alpine zone, with Celmisia costiniana (Herbfield Celmisia) the dominant herb 

in the tall alpine herbfield. Celmisia are creeping and rooting plants that form 

extensive patches of distinctive silvery appearance in herbfields and grasslands of the 

alpine landscape (Costin et al. 2000). They often form distinct boundaries with Poa 

that may persist for decades with only minor movement (cf. Chapter 5).  

The cover of Celmisia spp. was below 5% for all years surveyed at Gungartan South 

and Gungartan Middle and decreased from almost 18% in 1959 to below 10% in 

2002 at Gungartan North (Figure 4.8a). Cover was initially much higher at 

Kosciuszko Clarke and Kosciuszko Seam, ranging from 36 to 46% in 1959. Cover at 

those two transects declined until 1968, before increasing to a peak in 1971, followed 

by a strong decline by 1978. Since then, cover again increased, approaching pre-1978 

levels by 2002. At Kosciuszko Flat, cover of Celmisia spp. remained steady at about 

6% after an initial decline from 11% (Figure 4.8a). 

The initial cover of widespread tufted herbs Craspedia spp. was below 0.5% at all 

Gungartan transects and at Kosciuszko Seam in 1959 (Figure 4.8b). However, at 

Gungartan North, cover of Craspedia spp. increased to more than 12% by 1978, 

before declining to below 3% by 1999. While cover at Kosciuszko Clarke and 

Kosciuszko Flat fluctuated between 2-6% and 6-12% respectively, between 1959 and 

1978, it declined to below 6% at all transects after 1978 (Figure 4.8b).  

The perennial herb Helichrysum scorpioides (Button Everlasting) is locally common 

but sparsely distributed in tall alpine herbfields of the alpine zone (Costin et al. 

2000). It was only recorded at the Kosciuszko Seam transect, where it fluctuated 

between 13 and 4% before rising to almost 19% in 1971. By 1990, H. scorpioides 

reached cover of 21%, before decreasing to 7% by 2002 (Figure 4.8c).  
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Figure 4.8 Cover of abundant herbs (a) Celmisia spp., (b) Craspedia spp. and (c) 

Helichrysum scorpioides along six transects in the Kosciuszko alpine zone from 1959 to 

2002. 
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4.4.6 Minor herbs 

Some species of herbs may be widespread but of low abundance (Costin et al. 2000). 

Such plants are expected to score low but persistently in vegetation surveys of the 

herb layer. Other herbs occur in patches and their occurrence may be correlated with 

other plant species (pers. obs. by author) and/or physical and microclimatic 

conditions (Körner 1999; Costin et al. 2000; Urbanska and Chambers 2002).  

Small herb species such as Asperula often grow underneath larger plants such as 

shrubs, or amongst ageing grass swards. There are two species of the slender 

dioecious perennial Asperula in the alpine zone, A. gunnii (Mountain Woodruff) and 

A. pusilla (Alpine Woodruff). Both occur as minor components of the tall alpine 

herbfields, although A. pusilla is less common (Costin et al. 2000). The cover of 

Asperula spp. between 1959 and 1978 was well below 1% at all but the Gungartan 

North and Gungartan Middle transects (Figure 4.9a). At Gungartan Middle, cover 

peaked at 1.8% in 1964 while at Gungartan North the cover of Asperula spp. 

fluctuated between 2-8% with a general decline from almost 6% in 1959 to less than 

3% in 1978. Over the next 23 years, cover increased from 0.5% to almost 7% at 

Kosciuszko Seam and from almost 3 to 6% at Gungartan North, while cover at the 

other transects remained below 1.5% (Figure 4.9a). Asperula spp. were not recorded 

at Gungartan South and Kosciuszko Clarke. 

There is only one species of native dandelion in the alpine zone, the attractive large 

flowered herb Microseris lanceolata. The cover of this perennial scapigerous herb 

remained below 1% at all but the Kosciuszko Seam transect. At this transect, cover 

of M. lanceolata declined from 8% in 1959 to 1% in 1961, where it remained until 

1990 (Figure 4.9b). By 2002, cover at Kosciuszko Seam had increased to about 4%. 

There are four species of the herbs Oreomyrrhis above the tree line, but only one 

species is common in the tall alpine herbfield, O. eriopoda (Australian Caraway, 

(Costin et al. 2000). This succulent and very palatable herb was not recorded at the 

Gungartan transects until 1999 at Gungartan South and Gungartan North, and was 

recorded at all three transects for the first time in 2002 (Figure 4.9c). At Kosciuszko, 

cover increased from below 0.2% in 1959 to between 0.3 and 1.5% in 1978. By 

2002, O. eriopoda had increased in cover to above 7% at Kosciuszko Flat and about 

3% at Kosciuszko Seam and Kosciuszko Clarke.  
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Figure 4.9 Cover of minor species (a) Asperula spp., (b) Microseris lanceolata, (c) 

Oreomyrrhis spp., (d) Chionogentias muelleriana subsp. alpestris, (e) Ranunculus spp. and 

(f) Euphrasia spp. along six transects in the Kosciuszko alpine zone from 1959 to 2002. 
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Figure 4.10 Cover of minor species (a) Brachyscome spp., (b) Senecio spp., (c) Astelia spp., 

(d) Diplaspis nivis, (e) Stylidium sp. (aff. graminifolium), and (f) *Hypochaeris radicata 

along six transects in the Kosciuszko alpine zone from 1959 to 2002. 
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The late flowering herb Chionogentias muelleriana, commonly known as Mueller’s 

Snow Gentian, is well known for its spectacular mass displays of the crocus-like 

white flowers with purplish veins (Costin et al. 2000). Until 1990 this endemic herb 

was only recorded at Kosciuszko Seam and Kosciuszko Flat. From 1999 it also 

appeared at Kosciuszko Clarke (0.1% cover) and Gungartan (0.6%) (Figure 4.9d). 

Cover at Kosciuszko Seam was around 1% since 1959. At Kosciuszko Flat, cover 

increased from below 1% in 1959 to above 6% in 1971 before decreasing to a steady 

level of 1-2% by 1990 (Figure 4.9d). 

There are eight species of Ranunculus in the alpine zone, although only four species 

(R. dissectifolius, R. graniticola, R. gunnianus and R. muelleri) are common in tall 

alpine herbfields as small perennial herbs (Pickering 1997; Costin et al. 2000). 

Ranunculus spp. were rarely recorded at transects other than Kosciuszko Seam and 

Kosciuszko Flat during the 43-year survey period (Figure 4.9e). Cover of 

Ranunculus spp. remained below 2% since 1978 at all transects, after peaks of 5 and 

4.3% at Kosciuszko Flat in 1959 and 1971 respectively.  

Four species or subspecies of Euphrasia have been recorded in the Kosciuszko 

alpine area. Three of these, E. alsa (Dwarf Eyebright), E. collina subsp. glacialis 

(Snow Eyebright) and E. collina subsp. lapidosa (Feldmark Eyebright) are endemic 

(Costin et al. 2000). The fourth, E. collina subsp. diversicolor (Variable Eyebright), 

is the most common Euphrasia above the treeline and is usually found in tall alpine 

herbfields and sod tussock grasslands (Costin et al. 2000). All but the subspecies 

lapidosa, which is mainly found in feldmark communities, were recorded during the 

43-year period. Euphrasia spp. were more prevalent at the Kosciuszko transects, not 

scoring at Gungartan South and Middle (Figure 4.9f). Cover at all transects has been 

below 1.5% since 1978, but reached above 3% in 1971 following a trough in the 

drought period of the 1960s. 

Several species of the tufted daisies Brachyscome were recorded on the transects, 

including B. scapigera (Tufted Daisy), B. obovata (Baw Baw Daisy) and B. 

spathulata subsp. spathulata (Spoon Daisy). Overall, Brachyscome spp. fluctuated at 

low levels of cover, with current (2002) cover being below 2% (Figure 4.10a). The 

highest cover scores were at Gungartan South in 1972 (3%) and in 1999 (4%). 
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The cover of the perennial herbs Senecio spp. fluctuated mostly at below 1%, 

reaching a maximum of 2.5% at Gungartan North in 1971 (Figure 4.10b). 

The robust rosette forming perennial herbs Astelia psychrocharis (Kosciuszko 

Pineapple-grass) and Astelia alpina var. novae-hollandiae (Silver Astelia), the small 

and fleshy rhizomatous perennial Diplaspis nivis (Snow Pennywort), and the fine and 

densely tufted perennial Stylidium sp. aff. graminifolium (Alpine Trigger-plant) were 

recorded almost solely at the Kosciuszko Seam transect (Figure 4.10). The cover of 

Astelia spp. increased from a low in 1961 of less than 0.1% to above 3% by 2002 

(Figure 4.10c). Diplaspis nivis were recorded for the first time in 1961 and persisted 

at cover levels of less than 1% (Figure 4.10d). Stylidium sp. aff. graminifolium, 

however, declined from an initial cover of almost 8% in 1959, to 5.5% in 1978 and 

3% in 2002 (Figure 4.10e). 

The introduced Asteraceae *Hypochaeris radicata (Flat Weed) was only recorded at 

the Gungartan transects. It reached a cover of above 8% at Gungartan Middle and 1% 

at Gungartan South in 1999, after earlier levels were below 1% (Figure 4.10f). 

4.4.7 Grasses 

Poa spp. were by far the most dominant grasses at the transects with cover of 10

83%, followed by Rytidosperma spp. (0-41%), Agrostis spp. (0-11%), Trisetum 

spicatum (0-4%), Deyeuxia spp. (0-10%) and Chionochloa frigida (0-~3%) (Figure 

4.11). Cover of all grass genera declined to very low levels in 1968, which 

corresponds to the drought period and a dramatic increase in the cover of litter. 

While the cover of the dominant Poa spp. declined since 1961, all other grass genera 

cover peaked briefly in 1964 (Figure 4.11). This increase may be due to the reduction 

in competition by Poa. 

There are six species of Poa in the alpine area, two of which are the introduced 

annual meadow-grass, P. annua and Kentucky Blue-grass P. pratensis. The cover by 

Poa spp. declined from between 40-83% in 1959 to 11-41% by 1968 (Figure 4.11a). 

After a subsequent increase by 1978, Poa spp. cover remained fairly stable and in 

2002 ranged from about 30-60% at Kosciuszko and from about 40-70% at Gungartan 

(Figure 4.11a). 
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Figure 4.11 Cover of grasses (a) Poa spp., (b) Rytidosperma spp., (c) Trisetum spicatum, (d) 

Deyeuxia spp., (e) Chionochloa frigida along six transects in the Kosciuszko alpine zone 

from 1959 to 2002. 

84




Cover of Rytidosperma spp. was highest at Kosciuszko Flat, where it increased from 

23% in 1959 to a peak of 40% in 1964, before decreasing to below 10% by 2002 

(Figure 4.11b). Cover at all other transects was less than 10% for all surveys with the 

exception of the Gungartan Middle and Gungartan South transects, where cover of 

Rytidosperma spp. increased to above 15% by 2002. 

Cover of the broadleaved grass Trisetum spicatum (Bristle Grass) was below 2% for 

the entire survey period at all transects, except for Kosciuszko Flat, where cover 

increased from 0.2% in 1971 to a peak of 4% in 1990, before declining to the current 

cover of 1.2% (Figure 4.11c). Trisetum spicatum was recorded for the first time at 

Gungartan in 1978 and increased to above 1% in 2002. 

The tufted perennial grasses Deyeuxia spp. were first recorded in 1965 with cover of 

less than 1% (Figure 4.11d) Overall cover remained low, but reached up to 11% at 

Gungartan North in 1999 before declining to below 4% by 2002. 

The slow growing endemic grass Chionochloa frigida (Ribbony Grass) was, after 

1968, only recorded at Kosciuszko Seam, where cover increased to almost 3% by 

1999 (Figure 4.11e). Chionochloa frigida is highly palatable to livestock and was 

selectively grazed, dramatically reducing its distribution during the grazing era. By 

1944, the large and robust tussocks were limited to steep areas inaccessible to 

livestock, as mainly found on the western slopes of the Main Range (Costin et al. 

2000). They have since re-established in other areas and have made an impressive 

recovery (Good 1992a; Costin et al. 2000). 

4.4.8 Shrubs 

Shrubs are a minor component of tall alpine herbfield vegetation, with the exception 

of Epacris, which can contribute a considerable proportion of the vegetation cover. 

The cover of Epacris spp., mostly E. glacialis (Bog Heath), remained steady at 

Kosciuszko with less than 4% variation between 1961 and 2002 (Figure 4.12a). 

Epacris spp. were not recorded at Gungartan South and Gungartan Middle, but 

increased in cover at Gungartan North from 12% in 1959 to above 40% in 1999 

before declining to 33% by 2002. Other shrubs or subshrubs, including the spiny and 

divaricate Melicytus sp. (Woody Violet) and the low branched Pimelea alpina 

(Alpine Rice-flower) occur sparsely and grow close to the ground amongst the 
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grasses and herbs. Melicytus sp. were recorded at five out of the six transects, but 

never exceeded 2% in cover (Figure 4.12b) and by 1999 covered less than 0.4% at all 

transects. Cover of Pimelea spp. at the Kosciuszko transects remained below 2% 

(Figure 4.12c), but after the drought fluctuated between 1-6% at Gungartan Middle 

and North, while remaining steady at around 0.5% at Gungartan South.  

The densely branched aromatic shrub Baeckea gunniana (Alpine Baeckea) is 

generally found in bog and heath communities and is common in relatively wet 

areas. It was therefore not expected to score heavily at the alpine transects but in 

1959 was found at three of the six transects (Figure 4.12d). After 1971, however, B. 

gunniana was only recorded at Kosciuszko Seam, where overlapping cover had 

increased from 10% in 1961 to about 23% in 2002. 

The small prostrate subshrub Pentachondra pumila (Carpet Heath) occurs as 

scattered individuals forming mats growing over rocks in the tall alpine herbfield 

(Costin et al. 2000). It was only recorded at the Kosciuszko transects and on two 

occasions at Gungartan North. After a peak in 1964, cover of P. pumila at 

Kosciuszko declined to a low in 1978, followed by an increase from 0.1-2.2% in 

1978 to 1-6% in 1999 (Figure 4.12e). Cover levels at Kosciuszko Clarke and Flat 

were very similar to each other, while cover of P. pumila at Kosciuszko Seam was 

three to five times greater than that. 

The cover of the polymorphic shrub species Grevillea australis (Alpine Grevillea) 

gradually increased from zero in 1959 to 4 and 8% respectively at the two transects it 

occurred, Kosciuszko Seam and Gungartan North (Figure 4.12f). Thus the increase 

in percentage cover of G. australis occurred at a rate of about 0.2% per year. 

Cover of the sharp-pointed sheath leaved subshrub Richea continentis (Candle 

Heath) increased gradually since 1968 at the three transects where it was present 

(Figure 4.13a). This species prefers wet areas and can be found mainly in bog 

communities. Richea continentis reached cover of about 2% at both Kosciuszko 

Seam and Kosciuszko Clarke. Cover increased to 15% at Gungartan Middle, where it 

formed large patches together with growing cushions of Sphagnum moss. Sphagnum 

and R. continentis also increased at the groundwater transects (cf. Section 4.4.12). 
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Figure 4.12 Cover of shrub species (a) Epacris spp., (b) Melicytus sp., (c) Pimelea spp., (d) 

Baeckea gunniana, (e) Pentachondra pumila and (f) Grevillea australis along six transects in 

the Kosciuszko alpine zone from 1959 to 2002. 
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Figure 4.13 Cover of shrub, rush, sedge and clubmoss species (a) Richea continentis, (b) 

Empodisma minus, (c) Luzula spp., (d) Isolepis spp., (e) Carex spp., and (f) Lycopodium 

spp. along six transects in the Kosciuszko alpine zone from 1959 to 2002. 
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4.4.9 Rushes and sedges 

Rushes and sedges generally prefer areas with high soil moisture content such as fens 

and bogs (Costin et al. 2000). Nevertheless, several species can be found in tall 

alpine herbfields. The groundwater and snow patch sections, which are discussed in 

Section 4.4.12, are thus expected to have a higher percentage of both sedges and 

rushes in their sward than the tussock, intertussock and bare sections discussed here. 

After an initial decrease during the drought years of the 1960s, cover of the 

rhizomatous perennial rush Empodisma minus (Spreading Rope-rush) increased 

steadily from 1971 onwards at all but the Gungartan South transect, where it was 

absent (Figure 4.13b). Empodisma minus contributed more than 90% of the cover of 

rushes. Cover was highest at the Kosciuszko Seam transect, reaching ~35% in 2002, 

followed by Gungartan North with 20%. Cover at the other transects remained below 

5%. 

The perennial rushes Luzula spp. remained at a low but steady level of cover at 

Kosciuszko since 1978, after some earlier fluctuations and a decline in cover during 

the drought (Figure 4.13c). At Gungartan, cover of Luzula spp. fluctuated strongly 

between 0-5% from 1959 to 2002. 

The small club-rushes Isolepis spp. fluctuated at cover levels of below 2% and were 

not recorded at Gungartan and Kosciuszko Clarke after 1978 (Figure 4.13d). 

The perennial sedges Carex spp. were represented at all transects but continued to 

fluctuate to cover of up to 14%, with a strong increase from below 1% in 1978 to 

almost 14% at Gungartan South (Figure 4.13e). 

4.4.10 Clubmoss 

The cover of the glabrous perennial clubmoss Lycopodium fastigiatum was higher at 

Kosciuszko than at Gungartan (Figure 4.13f). It declined to below 0.4% at all 

transects by 1978 after reaching almost 2% at Kosciuszko Seam in 1964. Since 1978, 

cover of L. fastigiatum increased and by 2002 ranged from 0.5-3.2% at Kosciuszko 

and from 0-1.3% at Gungartan. 

89




4.4.11 Community composition 

Differences in community composition between transects and between sampling 

years were examined using ordinations. Two levels of groupings could be 

distinguished: (1) by location – the vegetation composition in terms of overlapping 

cover of genera at the Gungartan transects differed from the Kosciuszko transects, 

forming two groups with limited overlap; and (2) by transect - the vegetation 

composition at the individual transects differed from each other, forming six distinct 

clusters (Figures 4.14 – 4.16). 

Community composition at the Kosciuszko transects was relatively stable over the 

43-year period compared to the Gungartan transects, as is shown by the tighter 

clustering of data points within transects (Figure 4.14) and the lack of directional 

trend with time (Figure 4.15). At Gungartan, the changes in composition and 

abundance between sampling years were larger with a wider spread of sampling 

points and a directional trend over time (Figures 4.14 & 4.16). 

Ax
is

 2
 

Axis 3 
Figure 4.14 Two-dimensional ordination (stress = 0.1656; cut-off = 0.6) of log (x + 1) 

transformed relative percent overlapping cover of genera for the tall alpine herbfield sections 

of the six transects in the Kosciuszko alpine zone. Kosciuszko Seam = black filled triangles, 

Kosciuszko Flat = blue filled squares, Kosciuszko Clarke = green filled diamonds, 

Gungartan South = maroon hollow triangles, Gungartan Middle = red hollow squares, and 

Gungartan North = pink hollow diamonds. Transects were sampled up to nine times between 

1959 and 2002 with each datum point for a transect representing a different survey. 
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Figure 4.15 Two-dimensional ordination (stress = 0.200; cut-off = 0.6) of log (x + 1) 

gunniana 

transformed relative percent overlapping cover of genera for the tall alpine herbfield sections 

of the three transects near Mt Kosciuszko in the Kosciuszko alpine zone. Kosciuszko Seam = 

black triangles, Kosciuszko Flat = blue squares, and Kosciuszko Clarke = green diamonds. 

(a) Taxa with the strongest explanatory power overlaid as vectors (r2 > 0.86); (b) time series 

with sampling in 1959, ‘61, ‘64, ‘68, ’71, ’78, ’90 and 2002.  
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Figure 4.16 Two-dimensional ordination (stress = 0.162; cut-off = 0.7) of log (x + 1) 

Leptorhynchos 
squamatus 

Epacris  spp. 

Viola 

australasica Poa 

transformed relative percent overlapping cover of genera for the tall alpine herbfield sections 

of the three transects near Mt Gungartan in the Kosciuszko alpine zone. Gungartan South = 

maroon triangles, Gungartan Middle = red squares, and Gungartan North = pink diamonds. 

(a) Taxa with the strongest explanatory power overlaid as vectors (r2 > 0.81); (b) time series 

with sampling in 1959, ‘61, ‘64, ‘68, ’71, ’78 and 2002. 
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At Kosciuszko, Baeckea gunniana, Helichrysum scorpioides, Astelia spp. and 

Stylidium spp. were the main taxa contributing to the separation of Kosciuszko Seam 

from the other transects, while Moss spp., Craspedia spp. and Carex spp. were more 

prominent at Kosciuszko Flat (Figure 4.15). At Gungartan, much of the separation 

between transects and change with time could be explained by two perpendicular 

axes. One axis contributed to the separation between Gungartan North and Middle, 

representing an increase in Leptorhynchos squamatus and Epacris spp. and a 

decrease in Viola betonicifolia towards Gungartan North. The other axis showed a 

gradient of a decrease in Neopaxia australasica, Poa spp. and Acetosella vulgaris 

and an increase in Craspedia spp. in the same direction as the shift within transects 

occurring over time (Figure 4.16). 

4.4.12 The groundwater and snow patch sections 

Groundwater and snow patch communities were preferentially grazed by livestock 

because of the high proportion of palatable herbs and sedges present (Costin and 

Wimbush 1972). The presence of cattle and sheep in these wet communities resulted 

in extensive trampling damage as well as the formation of gullies or even permanent 

creeks (Costin and Wimbush 1972). This study examined three snow patch sections 

(122, 124 & 136; total length 45.75 m) and two groundwater sections (137 & 138; 

total length 30.5 m), all at Gungartan (Table 4.1). Genera richness on the two 

groundwater sections increased from 14 genera in 1959 to 16 and 20 genera in 1978 

before declining to 9 and 14 genera respectively by 2002 (Figure 4.17). Genera 

richness on the snow patch sections was initially lower than at the groundwater 

sections, ranging from 4-10 in 1959 and increasing slightly to between 5-17 in 2002 

(Figure 4.17). 

Groundwater sections 

The groundwater sections became increasingly shrubby with time, with near 

complete cover by Richea continentis in 2002. On section 137, an area of bare 

ground with lightly flowing surface water was initially colonised by sedges, then 

increasingly by herbs, with shrubs eventually encroaching (Figure 4.18a). Shrubs 
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largely replaced herbs and litter, while most grasses remained, even with increasing 

shrub cover (Figure 4.18). 
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Figure 4.17 Genera richness at groundwater and snow patch sections along permanent 

transects in the Kosciuszko alpine zone from 1959 to 2002. 

Section 137 contained two small patches of Sphagnum in 1959. One patch expanded 

rapidly, trebling in size to about 1.5 m in 1964. By 1978 the Sphagnum patch had 

almost, and by 1999 entirely, disappeared (Figure 4.18a). The second patch remained 

constant in size until after 1971 and has since expanded considerably (Figure 4.18a). 

At the same transect, the small perennial herb Diplaspis nivis reduced from occurring 

patchily along the entire section, to a small remnant patch amongst Sphagnum near 

light-flowing surface water (Figure 4.18a). 

Separate Backea gunniana shrubs occurred on section 138, where they persisted for 

the first 12 years but virtually disappeared thereafter (Figure 4.18b). The cover of R. 

continentis increased on both sections, with a gradual shift of the boundaries as the 

patches expanded. A patch of Carpha nivicola occurred around the region with 

surface water in 1959, but declined with time, disappearing entirely by 2002 (Figure 

4.19a). Similarly, a discrete patch of Celmisia which had established during the 

initial years and persisted until 1978, had disappeared in 2002 (Figure 4.19b). 
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In contrast, the rush Empodisma minus, which was only sparsely present on both 

sections until 1978, almost entirely covered the sections by 1999 (Figure 4.20a, b). 
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Figure 4.18 Distribution of Sphagnum, Diplaspis nivis and Backea gunniana from 1959 to 2002 in groundwater vegetation on 15.25 m sections along 

permanent transects near Mt Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 137, and (b) section 138. Both sections were classed 

as groundwater in 1959 (D. Wimbush, pers. comm. 1999). 
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Figure 4.19 Distribution of Carpha nivicola, Richea continentis and Celmisia sp. from 1959 to 2002 in groundwater vegetation on 15.25 m sections along 

permanent transects near Mt Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 137, and (b) section 138. Both sections were classed 

as groundwater in 1959 (D. Wimbush, pers. comm. 1999). 
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Figure 4.20 Distribution of Empodisma minus from 1959 to 2002 in groundwater vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 137, and (b) section 138. Both sections were classed as groundwater in 1959 (D. 

Wimbush, pers. comm. 1999). 
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Figure 4.21 Distribution of individual plant taxa from 1959 to 2002 in snow patch vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 122, and (b) section 136. Both sections were classed as depleted snow patch in 

1959 (D. Wimbush, pers. comm. 1999). 
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Figure 4.22 Distribution of individual plant taxa from 1959 to 2002 in snow patch vegetation on a 15.25 m section  (124) along a permanent transect near 

Mt Kosciuszko in the alpine zone of Kosciuszko National Park: (a) Neopaxia australasica, and (b) Acetosella vulgaris. This section was classed as snow 

patch in 1959 (D. Wimbush, pers. comm. 1999).  
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Figure 4.23 Distribution of individual plant taxa from 1959 to 2002 in snow patch vegetation on a 15.25 m section  (124) along a permanent transect near 

Mt Kosciuszko in the alpine zone of Kosciuszko National Park: (a) Carex gaudichaudiana, and (b) Poa sp. This section was classed as snow patch in 1959 

(D. Wimbush, pers. comm. 1999).  
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Snow patch sections 

The cover and density of vegetation increased at the snow patch sections.  Initially, 

the colonising species Acetosella vulgaris and Neopaxia australasica thrived and 

until 1971 provided considerable cover at sections 122 and 124, after which cover 

declined (Figures 4.21a & 4.22a, b). Poa cover increased with time, mainly by the 

expansion of existing patches, but with possibly some spot colonisation of bare areas 

(Figures 4.21a & 4.23b). The cover of Richea continentis and Carex increased with 

time, as did the patch of Sphagnum occurring on section 136 (Figures 4.21b & 4.23a) 

4.5 DISCUSSION 

This study revealed both spatial and temporal variation in tall alpine herbfield 

vegetation at the long-term transects at Gungartan and Kosciuszko. There were 

changes in species richness and composition, in the relative cover of herbs and 

graminoids and in the extent of litter and bare ground. Some of this variation was due 

to differences in the history of livestock grazing at the two locations and in the 

patterns of recovery from different levels of vegetation loss from grazing within the 

Gungartan transects. There was variation due to the effects of a drought that resulted 

in an increase in litter and changes in the relative cover of herbs and graminoids. In 

addition to grazing and drought, there also appears to be spatial variation that may be 

associated with other factors at a range of scales within the community, including 

variation within meters along the transects, between transects within a location, and 

between the two locations. 

4.5.1 Variation associated with differences in grazing history 

Some of the variation seen in this study can be attributed to differences in grazing 

history, particularly between Gungartan and Kosciuszko. Grazing had only ceased at 

Gungartan one year before the establishment of the transects, while at Kosciuszko, 

grazing had ceased 15 years before the study started (cf. Chapter 3). These 

differences in grazing history were reflected in the first year’s vegetation sampling. 

Vegetation cover on the Kosciuszko transects appeared to be in near natural 

condition with little bare ground and a high proportion of herb cover in 1959 

(Wimbush and Costin 1979c; results of this study). In contrast, the Gungartan 
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transects had limited vegetation cover, with extensive areas of bare ground and 

exposed rock, as well as lower species/genera diversities (particularly of herbs). 

There was also evidence of soil erosion, particularly at Gungartan, with lichen free 

rocks and rocks with distinct boundary lines of lichen (at top) and bare rock (at 

bottom) (D. Wimbush, pers. comm. 2000).  

Signs of vegetation recovery from livestock grazing at Gungartan were observed 

soon after the cessation of grazing, with a decrease in bare areas and the appearance 

of additional species in the first few years of sampling. Recovery of vegetation was 

interrupted by a severe drought from 1961 to 1967. In the 1978 survey, when 

vegetation appeared to have recovered from the drought, species/genera diversity at 

Gungartan was still lower than at Kosciuszko and there was still more bare ground. 

By 2002, forty-four years after the cessation of livestock grazing at Gungartan, 

genera diversity and the amount of bare ground were similar at the Kosciuszko and 

Gungartan transects. However, the two locations still differed in species composition 

and the amount of exposed rock. 

At Gungartan there was a unidirectional shift in vegetation composition during the 

sampling period. This shift was partly driven by an increase in the cover of major 

herbs including Craspedia spp., a decline in the relative cover of colonising species, 

and an increase in genera richness, such as the appearance of palatable species like 

Oreomyrrhis eriopoda (first recorded at Gungartan in 1999). 

An example of this pattern is the recovery of bare areas at Gungartan. These were 

initially colonized by species such as the rhizomatous herbs *Acetosella vulgaris and 

Neopaxia australasica, the creeping and rooting herbaceous Euchiton spp. and 

Ewartia nubigena, and the small grasses Agrostis spp. At Gungartan there was a 

strong increase in the cover of these colonising species in the initial years after 

grazing, followed by a decline to very low levels or their disappearance, as the cover 

by the dominant grass and herb species increased. An illustration of these 

successional patterns is given in Appendix II C (Figure A 32), where bare areas were 

gradually colonised by *Acetosella vulgaris and Neopaxia australasica, followed by 

the appearance of Poa spp. until an almost complete dominance by Poa spp. 

While some grass and herb seedlings appeared after the establishment of the 

colonising plants such as Poa spp. in the above example, the spread of Poa spp. and 
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Celmisia spp. occurred mostly by lateral expansion of existing plants from the edges 

(e.g. Appendix II C, Figures A 31 & 32). Similarly, the expansion of shrub cover was 

largely due to the growth of maturing shrubs, with limited shrub colonisation by 

seedlings from within bare areas. 

Unlike bare soil, rocks cannot be readily recolonised once exposed. Natural 

revegetation of such areas generally occurred through the encroachment of 

surrounding vegetation and the gradual build up of organic material, which may 

eventually enable the establishment of plants – processes which take decades; 

centuries or which may never succeed. Some mat-forming shrubs, such as 

Pentachondra pumila, grew over rocks, possibly benefiting from the heat stored in 

the rocks and contributing to the accumulation of organic material. The initial 

decrease of rock cover from 1959 to 1978 was largely due to an increase in 

overlapping canopy by shrubs and grasses and by the accumulation of litter (e.g. 

Appendix II B, Figure A 28). However, despite an overall increase in vegetation 

cover, there was no further decline in the extent of exposed rock since 1978, and thus 

the Gungartan transects are unlikely to recover to levels observed at the Kosciuszko 

transects even in the longer-term. 

From 1978 on, the cover of all colonising species was well below five percent at all 

transects. Correspondingly, the extent of bare ground had declined to below five 

percent at all but the Gungartan South transects, thus reducing suitable areas 

available for colonisation. As expected, cover of colonising species at the 

Kosciuszko transects was low, if at all present, even at the start of sampling. 

Further, there was less temporal variation at the Kosciuszko transects compared to 

the transects at Gungartan, apart from the effects of the 1960s drought. Genera 

composition, vegetation cover and the extent of bare ground changed comparatively 

little between the survey periods, and the directional trend over time observed at the 

Gungartan transects was not apparent at Kosciuszko. 

In summary, the Gungartan transects appear to have largely recovered from former 

impacts of livestock grazing with the exception of the amount of exposed rock. It is, 

however, unlikely that the Gungartan transects will merge with the Kosciuszko 

transects in terms of genera composition, even in the longer-term, as site and 
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vegetation characteristics contribute to a large natural spatial variation within tall 

alpine herbfield. 

4.5.3 Variation associated with drought 

The drought from 1961 to 1967 had clear and distinct effects on vegetation at both 

locations. It resulted in a dramatic increase in litter, a decrease in species richness 

and a change in the relative proportion of cover of herbs and grasses. As the 

dominant Poa grasses largely died during the drought, the diversity and cover of 

herbs and colonising species, such as Agrostis spp. and Neopaxia australasica (cf. 

Kosciuszko Flat), temporarily increased. Following a decline as the drought persisted 

for several years, herb cover quickly increased after the drought broke, but again 

declined as grass cover increased to pre-drought levels. Ten years later, in 1978, 

vegetation appeared to have largely recovered to pre-drought levels. The early effects 

of Australia’s most severe drought since 1950, the drought in 2002, were similar to 

the effects of the 1960s drought, with an increase in litter and a decrease in 

graminoid cover. 

The main difference between the effects of drought and the impacts of livestock 

grazing was in the relative cover of litter and bare ground. Both drought and 

grazing/trampling generally led to a reduction in live vegetation. With the drought, 

however, the dead vegetation was not lost, but remained on the ground and provided 

a protective litter cover. In contrast, the combined impacts of burning, trampling and 

selective grazing (which particularly depleted the highly palatable intertussock herbs) 

acted synergistically and resulted in an increase in bare areas (Helms 1893; Costin 

and Wimbush 1972; Clark 1992). With the loss of vegetation cover and litter the 

soils become highly susceptible to erosion, which in turn resulted in the exposure of 

rocks, boulders and bedrock. 

4.5.4 Spatial variation in addition to impacts of grazing 

There was considerable spatial variation within transects, between transects and 

between locations, some of which is likely to be due to factors other than differences 

in grazing history among and within locations. For example, in addition to the 

directional trend seen in the ordinations for the Gungartan transects, there was spatial 

separation both amongst transects (< 5 km) and between locations (~20 km) for the 
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entire 43-year period in terms of species composition and cover. Some of this is 

likely to be due to environmental factors associated with each transect. For example, 

the Kosciuszko Flat transect across a valley floor was comparatively wet as a result 

of relatively poor drainage and often experienced snow cover for longer periods than 

the sloping transects (Wimbush and Costin 1979c). Vegetation at this transect had a 

high percentage of mosses, sedges and grasses, and resembled sod-tussock grassland 

vegetation. In contrast, the well-drained and protected Kosciuszko Clarke transect 

was dominated by patches of Poa and Celmisia. Unlike other transects, herb richness 

was poor and there was little cover by the other life forms. 

Factors such as the greater abundance of shrubs (e.g. Gungartan North), the presence 

of dense patches of clonal species (e.g. Celmisia at Kosciuszko Clarke) or the 

presence of a locally abundant, but otherwise infrequent species (e.g. Helichrysum 

scorpioides at Kosciuszko Seam) also contributed to the consistency of these 

groupings. The persistence of the separation, in terms of species composition and 

cover, amongst transects and between locations over the entire 43 year period 

indicated that the ecological factors in addition to grazing impacts that affected the 

vegetation patterns at the time the transects were established have not changed 

greatly and thus continue to strongly affect the vegetation. 

4.5.5 Future trends 

The trend of increasing genera richness at the recovering Gungartan transects is 

expected to slow, as the colonising species are displaced by increasing cover of large 

grasses and herbs. However, the genera richness increased even at Kosciuszko, 

where the effects of grazing at the beginning of sampling were minimal. Several 

factors may contribute to an increase in genera richness, including the proliferation 

of weed species, long-term cyclical patterns and climate change. The threat to the 

integrity of the alpine flora from the introduction of weeds is often linked to tourism 

and climate change. Weed species are mostly generalists that benefit from 

disturbance events. Only three alien species (*Acetosella vulgaris, *Hypochaeris 

radicata and *Taraxacum officinale), however, were recorded on the transects during 

the 43 year period. The abundance of these weeds was higher at the Gungartan 

transects than at Kosciuszko. Cover of the most abundant of the introduced species, 

the colonising herb *A. vulgaris, declined dramatically with the reduction of bare 
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areas. The abundance of *H. radicata increased both at Gungartan South and 

Gungartan Middle. The strong increase in cover at Gungartan Middle, and the 

appearance and subsequent increase at Gungartan South suggests that the introduced 

daisy *H. radicata may be spreading. However, the low representation of alien 

species at all transects and the absence of additional alien species indicates that 

factors other than an increase in alien species are causing the increase in overall 

diversity. These are further discussed in Chapter 8. 

4.5.6 Limitations of the study and considerations for future 

sampling 

The irregular sampling frequency, particularly since 1971, may limit the detection 

and interpretation of longer-term trends due to potential short-term fluctuations 

during the periods between surveys, or at the time of survey. Data from the early 

surveys, which were conducted every two to four years, may be more sensitive to 

changes, but may also result in increased ‘noise’ in the dataset.  

Given the near-natural state of the Kosciuszko transects at the start of sampling, they 

may be used as a baseline to assess both the effects of climatic fluctuations and 

continuing recovery at Gungartan. As there are no pre-impact data (from vegetation 

sampling prior to livestock grazing) or control areas (areas exempt from the freely 

dispersed grazing activities), the information gained from these long-term plots, 

which have different times-since-grazing, is highly valuable despite the limited 

spatial interspersion of treatments. Restricted spatial replication may limit the 

application of findings to the wider area due to potential stochastic effects (Hurlbert 

1984). But valuable ecological interpretations can still be made, particularly where 

studies have a temporal span of several decades (Hurlbert 1984; Wahren 1997). 

Detailed documentation of pattens and processes and cross-referencing with other 

studies can further strengthen the validity of interpretations and assist with 

demonstrating robust patterns. 

It is recommended that sampling of the transects continue with: (1) strict adherence 

to regular sampling intervals (e.g. every three years); (2) recording of the vegetation 

by species for single species genera and by genera where multiple species occur per 

genus. This ensures the long-term consistency of the dataset, reduces the time 
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required for data recording in the field, data processing and analysis, and limits the 

potential for multiple hits distorting the data. To compensate for the consolidation to 

genera, (3) a separate species list should be kept where each unique species is 

recorded. Unlike Carr and Turner (Carr and Turner 1959a) who recorded each touch 

of a species at a particular point quadrat, allowing the same species to score multiple 

times, Wimbush and Costin (Wimbush and Costin 1979c) only recorded the first 

touch of each species per point. Therefore, when combining data to genera level 

because identification to species was sometimes not possible, the number of hits per 

genus would be higher where several species of the same genus were recorded at a 

point quadrat. Strict adherence to the above recommendations would eliminate such 

issues and would ensure consistency in the data collection over time. 

The high spatial variability within the herbfield vegetation of the alpine zone is an 

important characteristic that needs to be considered in the design of future scientific 

studies of the area. Widespread sampling of the alpine zone and possible 

stratification by environmental criteria are tools that may assist in the detection of 

patterns, such as in response to climate change, and may reduce the influence of site 

effects. 

4.5.7 Contribution to our understanding and implications for 

management 

Data from the permanent transects at Gungartan and Kosciuszko provide a very 

detailed and precise account of changes in the cover of individual plant taxa (species, 

genera and life forms) at these sites. They document the persistence or change in the 

extent of particular taxa, patterns of replacement and succession, and patterns of 

revegetation of bare ground and litter. The long-term dataset provides information on 

the severity of climatic effects (such as drought) on the vegetation and gives an 

indication of the timeframes of recovery from disturbance, vegetation growth and 

natural patterns. Results from this study indicate that vegetation at the Gungartan 

transects has largely recovered from damage by former livestock grazing, but that 

such recovery was very slow and may never be complete due to (1) the permanent 

loss of soil resulting in the exposure of granite rocks; and (2) the establishment of 

non-native species. The transect study provides examples and data for the selection 

of native species which could potentially be used in future restoration programs. This 
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study also documents the valuable role of individual species in the colonisation of 

bare ground and may provide an important baseline to monitor potential shifts in 

species composition, such as the predicted upward shift of species and the increase in 

weed establishment and distribution with human-induced climate change. Historical 

datasets, such as this study, are invaluable sources of information to assist managers 

of natural areas in the planning and management of landuse activities and the 

development of successful restoration programs. 
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5 LONG-TERM PHOTOQUADRATS IN 


THE KOSCIUSZKO ALPINE ZONE 


5.1 SUMMARY 

Permanent photoquadrats are valuable tools to assess vegetation dynamics including 

patterns of recolonisation of bare areas, shifts in boundaries between taxa and the 

growth and longevity of individual plants/patches. This chapter presents the results 

of a long-term photoquadrat study in the Kosciuszko alpine zone originally 

established to examine recovery of vegetation from livestock grazing. A total of 

thirty 0.6 × 0.9 m photoquadrats were established in tall alpine herbfield at two 

locations, near Mt Kosciuszko and below Mt Gungartan. They were photographed in 

1959, 1964, 1968, 1978 and 2001. After comparing a range of methods, visual 

assessment using a 130 point grid was found to be the most suitable technique to 

measure vegetation cover and genera diversity on these photoquadrats. 

For the 18 quadrats located near Mt Gungartan, where grazing had ceased the year 

before the study commenced, there was a pattern of increasing vegetation cover as 

bare areas were colonised by native cudweeds and the naturalized herbs *Acetosella 

vulgaris. Native grasses and other herbs, or the lateral expansion of existing shrubs 

eventually replaced these species. For the 12 quadrats near Mt Kosciuszko, where 

grazing had ceased in 1944, vegetation cover was high (around 94%) in all years 

surveyed except 1968, which was at the end of a six year drought. The drought 

caused an increase in litter cover at both locations as graminoid cover declined. 

Initially herb cover increased, potentially as a result of decreased competition from 

the graminoids and a nutrient spike from decaying litter, but as the drought became 

more severe, herb cover also declined. Graminoid cover had reached pre-drought 

levels by 1978 and was recorded at similar levels in 2001. Herb cover continued to 

decline with time after a peak during the 1960s drought. Revegetation from within 

bare areas largely occurred by herbs, while graminoids predominately colonised bare 

ground from the edges. The photoquadrat study documented the longevity and 

growth rates of several species and provided insights into replacement patterns 

amongst taxa over time. 
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5.2 INTRODUCTION 

Permanent plots are important tools to describe longer-term ecological patterns in 

terrestrial and aquatic ecosystems. They are invaluable for the study of vegetation 

dynamics (Watt 1971; Austin 1981) and are also used extensively in marine research 

(Powell and Steele 1995). Permanent plots can be used to describe vegetation 

patterns and processes as well as document the association between external events 

(such as drought) and vegetation change. They can also be used to generate 

hypotheses about internal causes and mechanisms of species replacement during 

vegetation succession (Bakker et al. 1996). 

A number of permanent plot studies have been established overseas and in Australia 

to examine vegetation changes (cf. Hill and Radford 1986; Kirkpatrick 1989; Bakker 

et al. 1996; Lunt 2002). While some of these plots have not been maintained in 

recent years (M. Hill, pers. comm. 2002), there appears to be renewed interest in 

existing data as well as in the establishment of new permanent plots. For example 

international monitoring programs such as the Global Observation Research 

Initiative in Alpine Environments (GLORIA) or the International Tundra Experiment 

(ITEX) use permanent plots to measure plant response to climate change (Henry and 

Molau 1997; Pauli et al. 2001). 

The simplest type of permanent plot is a repeated recording of some overall quantity 

(e.g. biomass, cover, frequency) of plant taxa in a fixed area to provide information 

about temporal patterns. Such studies may yield correlations between changes in 

specific taxa over time (Herben 1996). However, systematic assessment and 

recording of information in permanent plots may yield spatial as well as temporal 

information. Such data may be suitable for making inferences about processes at the 

level of individual plants, species or life form groups. The combination of spatial and 

temporal information may, for example, show transitional patterns amongst taxa such 

as when one taxon expands into an area at the expense of another (van Rijnberk and 

During 1990; Herben 1996). While monitoring studies cannot demonstrate cause and 

effect relationships, they can be used to detect trends, develop hypotheses for further 

testing by manipulative experiments and validate model predictions (Berendse and 

Elberse 1990; Olff 1992; Lesica and Steele 1996). Where experimentation is not 
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possible, monitoring studies may be the only way to gain insights into dynamic 

phenomena (Lesica and Steele 1996).  

Permanent plots are often assessed directly in the field by the researchers. Depending 

on the detail of assessment, this process may involve considerable time and effort 

and thus may limit the number of plots established. The use of permanent 

photoquadrats may reduce the field time per plot by allowing researchers to rapidly 

collect a detailed, accurate and objective record of the data and analyse it later. 

Photoquadrats are generally very cost-effective and efficient types of permanent 

plots in which defined areas are photographed repeatedly over time (Wimbush et al. 

1967; Wells 1971). They provide a permanent record from which both qualitative 

and quantitative information can be derived and thus are a valuable tool to assess 

vegetation persistence or change. Photoquadrats are particularly useful to assess 

patterns of recolonisation of bare areas, shifts in boundaries between taxa and the 

growth and longevity of individual plants/patches. Some of these patterns may not be 

obvious from qualitative scores collected in the field. Photoquadrats are especially 

suitable for long-term studies as they easily allow for calibration of the image 

assessment between different researchers or between years and therefore can be more 

robust to errors introduced due to changes in researchers, a fundamental challenge 

inherent in all long-term studies (Wimbush et al. 1967; Bakker et al. 1996; Elzinga et 

al. 2001). 

There are a number of methods available to quantify vegetation patterns from 

photoquadrats such as (1) the use of a point quadrat grid or (2) the mapping of 

vegetation boundaries (e.g. Wimbush et al. 1967; Ratliff and Westfall 1973; 

McDougall 2003). Also, (3) colour and (4) texture recognition software is 

increasingly used in the assessment of vegetation changes on small scale imagery 

such as satellite images or aerial photographs (Neldner and Howitt 1991; Kadmon 

and Harari-Kremer 1999; Furby and Campbell 2001; Thomas et al. 2002). With the 

continuing development and refinement of such imaging software, their application 

at larger scales may become a valuable tool in the near future (Viergever 2002). In 

addition, geographic information systems (GIS) may be used to improve precision 

and to make the assessment procedure more efficient (Green and Hartley 2000; 

Viergever 2002). There are, however, still considerable limitations on the 
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effectiveness and accuracy of colour and texture recognition techniques, particularly 

when comparing images taken at different points in time (Green and Hartley 2000; 

McDougall 2003). Thus, for large scale applications (as well as many small scale 

uses), manual evaluation techniques are generally required, although this process 

may involve the use of digital imagery and GIS applications for image preparation.  

In this chapter, the 30 permanent photoquadrats established in 1959 by Dane 

Wimbush and Alec Costin at two alpine locations in Kosciuszko National Park were 

used to describe long-term (42 year) patterns at the species/genera and life form 

level. These photoquadrats sampled tall alpine herbfield vegetation (cf. previous 

chapters) and were originally established to provide insights into longer-term 

vegetation changes and patterns at the species and life form levels, as well as to 

provide a comparison of vegetation patterns at two locations (Kosciuszko and 

Gungartan) with different land-use histories (Wimbush and Costin 1979c; A. Costin, 

pers. comm. 2002). Livestock grazing at Kosciuszko was banned in 1944 and at 

Gungartan in 1958 (cf. Chapter 2 & 4). When the permanent photoquadrats were 

established in 1959, vegetation at Kosciuszko had largely recovered from previous 

grazing impacts and was in near natural condition. At Gungartan, there was reduced 

vegetation cover and evidence of soil erosion as grazing had only ceased the year 

before the photoquadrats were established (Wimbush and Costin 1979c) (cf. Chapter 

4). It is likely that vegetation dynamics at these plots may include primary and 

secondary succession on disturbed and bare areas, plant senescence at the less 

disturbed quadrats and the influence of climatic fluctuation on vegetation patterns 

(cf. Chapter 4) at all plots. The Kosciuszko alpine zone experienced a severe and 

prolonged drought from 1961 to 1967 which dramatically reduced the cover of live 

grasses and increased litter cover (cf. Chapter 4), and hence is likely to strongly 

influence the patterns observed in this study. 

The aims of this study were: (1) to examine and describe the vegetation changes that 

have occurred in the permanent photoquadrats at Kosciuszko and Gungartan in the 

42 years since their establishment in 1959; (2) to assess revegetation of bare areas 

within these plots; (3) to compare vegetation within and between locations 

(Kosciuszko and Gungartan); and (4) to compare the results of the photoquadrat 

study to those obtained using transects. As part of the initial development of 
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methods, the study also determined (5) the most suitable scoring technique for the 

quantitative assessment of these permanent photoquadrats. 

The questions addressed in this chapter were derived from these five aims. 

Specifically the questions from the first aim were: (1a) did the cover and composition 

of life forms and genera remain stable over time; and if there were changes (1b) what 

were they and how did they affect the vegetation composition? Related to the second 

aim, the questions addressed were: (2a) if revegetation has occurred, what was the 

rate of revegetation at quadrats which differed in the levels of bare ground (< 10%, 

10-39%, ≥ 40%) at the time of establishment of the photoquadrats; (2b) what were 

the genera/life forms involved in that process; and (2c) what were the spatial patterns 

observed during this process? The third aim related to recovery from grazing but also 

addressed variability in the tall alpine herbfield community. Specific questions 

relating to this aim were: (3a) was the genera composition of the Gungartan and the 

Kosciuszko quadrats different in 1959 and in 2001; and (3b) did the species 

composition vary significantly within locations in time and space? The fourth aim 

answered the questions: (4a) were the findings using photoquadrats similar to results 

collected along transects; and (4b) what additional information did the photoquadrats 

provide that the transects did not? The fifth aim related to the different methods 

available to quantify and assess persistence and changes in vegetation over time. 

New methods for processing images digitally may have advantages over traditional 

methods and could be used to improve accuracy and precision in the data collection. 

Results addressing this aim are from practical- and experience-based evaluation 

rather than an experimental investigation. They addressed the question: (5) was the 

use of image rectification and on-screen analysis suitable for the photoquadrat study 

to improve the data quality and reduce processing time. 

5.3 METHODS 

5.3.1 Study sites 

In 1959, Dane Wimbush and Alec Costin established 30 permanent photoquadrats in 

the Kosciuszko alpine zone near the permanent transects discussed in Chapter 4. The 

plots were spread over two valleys, with 12 quadrats at one location near Mt 

113




 

 114

Kosciuszko and the other 18 quadrats located approximately 26 km northeast, below 

Mt Gungartan (Figure 5.1). 
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Figure 5.1 Location of the 30 permanent photoquadrats in the alpine zone of Kosciuszko 

National Park (shaded areas ≥ 1830 m; contours in metres): (a) overview of photoquadrat 

locations; (b) position of the Gungartan photoquadrats; and (c) position of the Kosciuszko 

photoquadrats. 

 



Table 5.1 Summary of location and availability of photographs from 1959 to 2001 at 

permanent photoquadrats in the alpine zone of Kosciuszko National Park. 

No. Assoc. Transect 
(cf. Chapter 4) 

Easting 
(AMG 66) 

Southing 
(AMG 66) 1959 1964 1968 1978 2001 Cover 

Category3 

23 Seam 614748 5965415 X X P/M X X low 
24 Seam 614753 5965423 X X P/M X X low 
25 Seam 614747 5965435 X X X X X low 
26 Seam 614757 5965472 X X X X X low 
27 Seam 614758 5965494 X X X X X medium 
28 Seam 614732 5965531 X X X X X low 
29 Flat 614844 5965764 X X X X X low 
30KO
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 Flat 614841 5965795 P/M1 X X X X low 
31 Flat 614836 5965889 P/M X X X X low 
32 Clarke 614780 5966228 X X X X X low 
33 Clarke 614776 5966287 X X X X X low 
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North 

614752 
625781 
625791 
625806 
625822 
625868 
625873 
625900 
625919 

626246 
626256 

5966319 
5982922 
5982909 
5982898 
5982870 
5982869 
5983171 
5983166 
5983167 

5983734 
5983747 
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N/R2

X 
X 

low 
high 
high 
low 

medium 
low 

medium 
high 

medium 
low 

medium 
high 

46 North 626286 5983764 X X X X X medium 
47 North 626291 5983772 X X X X X medium 
48 North 626303 5983773 X X X X X medium 
49 North 626334 5983789 X X X X X low 
50 North (eroded) 626225 5983720 X X X X X high 
51 North (eroded) 626218 5983709 X X X X X high 
52 North (eroded) 626206 5983705 X X X X X high

1P/M = photo missing; 2N/R = photoquadrat not relocated, 3low = 0-9%, medium = 10-39%, high = 40
100% cover. 

The quadrats were established in tall alpine herbfield vegetation. Each corner of the 

600 mm by 900 mm quadrats was marked by a star picket, with the longest side lying 

across the slope. The quadrats were photographed by Dane Wimbush and Alec 

Costin in the years 1959, 1964, 1968 and 1978. Reference to some of the 

photographs13 was made in Wimbush and Costin (1979c) to provide examples of 

13 The photographs of the photoquadrats from 1959 to 2001 were taken on slide film and developed as 
slides. Thus during this chapter, the term photograph refers to mounted slides rather than paper copies.  
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specific patterns, but the overall dataset has not been previously analysed. The 

photographs were generously provided to the author for analysis. 

In 2001 the author located, mapped and rephotographed the photoquadrats. Only one 

photoquadrat (#43 at Gungartan Middle) could not be located. In addition, three 

photographs from the year 1959 (#30, #31 and #36) and two photographs from 1968 

(#23 and #24) were missing (Table 5.1). 

5.3.2 Data collection and processing 

The study employs temporal re-sampling of permanent photoquadrats (also referred 

to as plots or quadrats) at two locations: 12 photoquadrats were near the permanent 

transects (cf. Chapter 4) at Kosciuszko (Seam, Flat, Clarke); while another 18 

photoquadrats were near the Gungartan transects (South, Middle, North) (Figure 

5.1). Such a longitudinal design is preferable to random sampling, as re-sampling of 

permanent plots reduces between-year and within-period variation (Lesica and Steele 

1996). Consequently, estimates of yearly site means are more precise (i.e. have 

smaller standard errors) than those obtained under random sampling (Elzinga et al. 

2001). 

Field sampling equipment and setup 

Photographs from 1959 to 1978 were taken by Wimbush and Costin using a custom-

built lightweight quadripod to mount a 35 mm single lens reflex camera with a 28 

mm wide-angle lens in a downward facing position on a horizontally moveable plate 

1220 mm above ground. To obtain stereo pairs of photographs, two shots were taken 

of each quadrat and the camera was shifted sideways by 75 mm between exposures. 

The equipment and the method are described in Wimbush et al. (1967). 

In 2001, the photoquadrats were located and rephotographed by the author. For the 

2001 survey, an adaptation of the set-up by Wimbush et al. (1967) was used. A 35 

mm single lens reflex camera with a 28 mm wide-angle lens was mounted in a 

downward facing position to an extending arm that was fixed to a tripod (Figure 5.2). 

The tripod was then placed parallel to the downside of the photoquadrats and 

photographs were taken from one position (therefore not stereo).  
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Drawing not to scale 

Figure 5.2 Camera setup modified from Wimbush et al. (1967) as used during the 2001 

survey of permanent photoquadrats at Kosciuszko and Gungartan in Kosciuszko National 

Park. 

Assessment techniques and data preparation 

Initially, both the (1) point quadrat method and the (2) boundary mapping approach 

were evaluated for the assessment of spatial and temporal variation in the 

photoquadrats. In the latter method (2), the outline of each predefined vegetation 

category is mapped by tracing the boundaries. This approach provided detailed 

information about spatial tradeoffs between vegetation categories which had clear 

boundaries and between vegetation and bare areas. Such mapping can be assisted by 

a geographic information system (GIS) which can also be used to analyse the 

changes with time in the cover of vegetation categories. Where boundaries between 

the assessed categories were more gradual or some of the categories covered small 

areas, the mapping of boundaries was, however, difficult even with strict 

classification guidelines. Thus the point quadrat approach (1) was deemed more 

suitable to analyse the photoquadrats. 

A point-grid was placed over each image and used to score the vegetation to genera 

where possible (herbs and shrubs) and to life form categories for all other taxa 

(graminoids, mosses, lichens). Five different sized grids were initially assessed to 

determine the optimal (in terms of effort vs. information gained) number of points to 
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be assessed per photoquadrat. Ten randomly selected images were each scored using 

grids of 54, 96, 130, 187 and 345 points. Results from the smallest grid (345 points) 

were assumed to be closest to the true values of vegetation cover. Thus, the results 

from the 54, 96, 130 and 187-point grids were compared to the smallest (345 point) 

grid. As each individual picture had different proportions of the assessed categories, 

a statistical comparison of the replicates was not available to assess the variation of 

each grid from the smallest grid (M. Arthur, pers. comm. 2002). The results for each 

image were therefore assessed individually by examining the amount of variation 

from the smallest grid. 

The 130 point grid was found to be the most suitable of the grids for six out of the 

ten images. Results from the 96-point grid would have been suitable for three images 

which were poor in diversity and had only three categories (grass, bare, litter). The 

vegetation of one very diverse image would have been better represented by 

assessing the 187 point grid. Overall, grids larger than the 130 point grid provided 

less information, while there was little improvement in precision using smaller grids. 

The distance between points in the 130 point grid was equivalent to 75 mm in the 

field. This distance was considered to be appropriate given the type and size of 

vegetation to be assessed. It meant that the cover of the large rosette herbs which are 

able to persist in dense grass cover was represented adequately. Most small species 

would only be visible when the grass cover was absent or dead (litter) and in these 

instances they could be recorded adequately as well. 

The right-hand photograph of each stereo pair (1959 to 1979) and the single 

photograph from 2001 were analysed using a dissecting microscope with a 

transparent dissection plate that was illuminated from below. An evenly spaced grid 

of 130 points arranged in 10 rows and 13 columns was engraved on a transparency 

that was overlayed onto the photoquadrat slides. The cover/vegetation at each point 

was then recorded under a dissecting microscope as either graminoid, bare, rock, 

litter, lichen, moss or a specific genus of shrub or herb. Identification of graminoids 

to genera level was not feasible, as the resolution of the images was not detailed 

enough. The points were recorded systematically, capturing the spatial position and 

therefore allowing for analysis of spatial as well as temporal changes. The 

information obtained for each photoquadrat was therefore the species composition 
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(occurrence and frequency), percent cover of individual genera and life forms, 

succession (replacement of one taxon by another) and in some instances even the 

establishment and death of individuals. 

Each point was assessed repeatedly in time. While some variation in the spatial 

location of the point quadrats is unavoidable in such long-term studies due to factors 

such as distortion or movement of pegs, the grid size of 75 mm was adequate to be 

representative of a particular area assessed at each survey. Even if the assessed point 

was in the next survey recorded as one of the nearest neighbours, this error could be 

eliminated by assessing the net rather than gross change in the cover of categories. 

Data analysis and display 

Vegetation cover, relative cover and composition were examined. The species which 

recolonised bare areas were expected to be different from the species mix in fully 

vegetated ‘climax’ communities. With time, however, the species richness and 

composition of revegetated areas were expected to approach those at vegetated site, 

unless it changed to a different community as suggested by Johnston et al. (2003). 

Statistical analyses were performed using the software package SPSS version 10.0. 

The Mann-Whitney U test (which is the nonparametric equivalent to the independent 

samples t-test) was used to test for significance of differences in vegetation cover 

between locations. Repeated measures analyses of variance (ANOVA) and repeated 

measures contrasts were used to test for statistical significance of change over time. 

Repeated measures analysis accounts for the fact that the samples were not 

independent with respect to time. The original survey design was pseudoreplicated 

with respect to land-use history (time since grazing) (Hurlbert 1984). This was an 

inherent problem accompanying the dataset that could not be corrected and that 

limited statistical inferences to the plots analysed (Wahren 1997). Such restrictions, 

however, do not necessarily prevent useful ecological interpretations, particularly 

where data have been collected over several decades and where pattern and processes 

have been well documented (Hurlbert 1984; Bakker et al. 1996; Wahren 1997). 

Persistence or succession in life form cover was evaluated by comparing the 

vegetation at each point quadrat within a photoquadrat of a particular year to the 

vegetation at the equivalent point quadrat in the photoquadrat of the subsequent 
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survey. Persistence or change for each life form category from one survey to the next 

was expressed as percentage. The net change was also calculated for each period. 

Controlling error and improving accuracy 

Some distortion of the photoquadrat images was unavoidable with the use of a 28 

mm wide-angle lens. Distortion increases with distance from the centre of the image 

and therefore is strongest at the edge of the picture. The effect of distortion can be 

limited by discarding the edges of the image. In this study, photoquadrats of the size 

900 by 600 mm were assessed. This area was well within the photo frame and 

therefore was expected to have limited distortion. Nonetheless, the extent of 

distortion was measured by simulating the photoquadrats using a 900 by 600 mm 

area with a 100 mm grid. These plots were photographed using the setup described 

earlier. The width of the grid was measured at the centre and at each edge of ten 

replicates. Effects of distortion were in the order of 0.5% of the length measured and 

thus were not considered to be an issue. 

5.4 RESULTS 

5.4.1 Vegetation cover and composition 

Thirty-four plant taxa were identified in the 30 photoquadrats over the 42 years, 

including 22 genera of herbs and six genera of shrubs (Tables 5.2 & 5.3). Grasses, 

sedges and rushes were grouped as ‘graminoids’, as they could not be reliably 

identified to genera level from the photoquadrat images, except for the conspicuous 

grass Chionochloa frigida and the distinctive rush Empodisma minus which were 

recorded separately. Almost all taxa (except Sphagnum and a few shrubs) are typical 

components of tall alpine herbfield vegetation (Tables 5.2 & 5.3). Only two herb taxa 

could not be identified. 
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Table 5.2 Mean percent cover of taxa recorded in 12 photoquadrats near Mt Kosciuszko in the alpine zone of Kosciuszko National Park during five surveys 

between 1959 and 2001. 
Percent cover at Kosciuszko 

(avg. of all quadrats / avg. of quadrats where recorded) # of quadrats (out of 12) where recorded 
Taxa LF1 Main habitats2 19593 1964 19684 1978 2001 1959 1964 1968 1978 2001 Total 

Aciphylla glacialis h TAH, STG 
Baeckea gunniana s B, H 
Celmisia spp. h TAH, STG, B 
Chionochloa frigida+ g TAH 
Chionogentias muelleriana subsp. alpestris h TAH, STG 
Craspedia spp. h TAH, STG 
Empodisma minus g TAH, STG, B 
Epacris spp. s TAH, STG, RM, H, B 
Epilobium spp. h TAH, STG, B, H, SAH, FM 
Euchiton spp. h TAH, STG 
Euphrasia spp. h TAH, STG, SAH,  H, F 
Graminoid g 
Helichrysum scorpioides+ h TAH 
Herb 1 unident.+ h 
Microseris lanceolata h TAH, STG 
Moss mo 
Neopaxia australasica h TAH, SAH 
Olearia spp.+ s H 
Oreomyrrhis eriopoda h TAH, H 
Pentachondra pumila+ s TAH, STG, FM, H 
Pimelea alpina s TAH, STG, H 
Plantago spp. h TAH, STG, SAH, B 
Senecio spp. h TAH, STG, FM 
Stylidium sp. aff. graminifolium+ h TAH, STG, H, B 
Viola betonicifolia+ h TAH, STG 
Bare soil b 
Litter l 
TOTAL VEGETATION COVER 

0.2 / 2.3 1.3 / 16.2 2.5 / 25.4 1 1 1 0 0 1 
4.1 / 49.2 0 0 0 0 1 1 

27.4 / 34.2 25.4 / 33.9 25.1 / 35.8 13.7 / 20.6 22.8 / 34.2 8 9 7 8 8 9 
1.2 / 11.5 4.5 / 53.8 4.6 / 46.2 6.2 / 74.6 7.8 / 93.1 1 1 1 1 1 1 

2.2 / 13.1 3.7 / 36.9 0.8 / 5.0 0 2 1 2 0 3 
1.0 / 2.0 1.7 / 3.0 4.1 / 6.8 1.9 / 3.7 0.9 / 1.8 5 7 6 6 6 9 
0.3 / 1.5 0.4 / 2.7 1.2 / 6.9 2 0 0 2 2 4 
0.8 / 7.7 0.8 / 10.0 0.9 / 9.2 2.9 / 17.7 10.3 / 61.9 1 1 1 2 2 2 
1.2 / 12.3 0.2 / 2.3 1 1 0 0 0 1 

0.1 / 1.5 0.5 / 6.2 0 1 0 1 0 1 
0.2 / 2.3 0.4 / 2.7 0.3 / 3.1 0.2 / 1.2 1 2 1 2 0 3 

54.3 / 54.3 50.3 / 50.3 19.3 / 19.3 55.5 / 55.5 39.2 / 39.2 10 12 10 12 12 12 
1.8 / 5.9 4.7 / 28.1 5.9 / 23.6 1.9 / 7.7 3 2 0 3 3 5 

0.6 / 6.2 0 0 1 0 0 1 
0.2 / 1.5 0.3 / 1.9 0.5 / 2.3 0.1 / 0.8 0.3 / 1.9 1 2 2 1 2 4 

0.9 / 5.4 0.1 / 0.8 0.3 / 3.8 0 2 0 2 1 3 
0.1 / 0.8 0 0 1 0 0 1 

0.2 / 2.3 1 0 0 0 0 1 
0.6 / 2.3 0.4 / 1.9 2.2 / 4.5 2.5 / 10.0 0 3 2 6 3 8 

2.9 / 29.2 1.5 / 18.5 4.4 / 21.9 3.3 / 39.2 2.9 / 35.4 1 1 2 1 1 2 
0.1 / 1.5 0.2 / 1.5 0 1 1 0 0 1 
0.4 / 5.4 0.9 / 9.2 0 1 1 0 0 1 

1.2 / 5.8 0.1 / 1.5 0.3 / 1.5 2 1 0 2 0 2 
0.2 / 2.3 0.3 / 1.5 0 0 1 2 0 3 
0.8 / 8.5 0 0 1 0 0 1 

3.9 / 9.8 2.7 / 6.5 5.0 / 10.0 2.6 / 4.5 2.1 / 4.9 4 5 5 7 5 12 
3.2 / 4.6 1.5 / 3.1 26.4 / 26.4 3.0 / 4.0 3.7 / 5.5 7 6 10 9 8 12 

92.9 95.8 68.6 94.4 94.3 
+Taxa not recorded in Gungartan quadrats; 1 Life form (h = herb; s = shrub; g = graminoid, mo = moss; l = litter; li = lichen; ro = rock; b = bare); 2 From Costin et al. 
(2002): TAH = tall alpine herbfield; STG = sod tussock grassland; H = heath; B = bog; FM = feldmark; SAH = short alpine herbfield; F = fen; 3 No records for quadrats 30 
& 31available;  4 No records for quadrats 23 & 24 available. 
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Table 5.3 Mean percent cover of taxa recorded in 18 photoquadrats near Mt Gungartan in the alpine zone of Kosciuszko National Park during five surveys 

between 1959 and 2001. 
Percent cover at Gungartan 

(avg. of all quadrats / avg. of quadrats where recorded) # of quadrats (out of 18) where recorded 
Taxa LF1 Main habitats2 1959 1964 1968 1978 2001 1959 1964 1968 1978 2001 Total 

*Acetosella vulgaris+ h 
Aciphylla glacialis h TAH, STG 
Asperula spp.+ h TAH, STG, H 
Baeckea gunniana s B, H 
Brachyscome spp.+ h TAH, STG, H, B, FM 
Celmisia spp. h TAH, STG, B 
Chionogentias muelleriana subsp. alpestris h TAH, STG 
Craspedia spp. h TAH, STG 
Diplaspis nivis+ h TAH, SAH, B 
Empodisma minus g TAH, STG, B 
Epacris spp. s TAH, STG, FM, H, B 
Euchiton spp. h TAH, STG 
Euphrasia spp. h TAH, STG, SAH,  H, F 
Graminoid g 
Herb 2 unident.+ h 
Lichen+ li 
Microseris lanceolata h TAH, STG 
Moss mo 
Neopaxia australasica h TAH, SAH 
Oreomyrrhis eriopoda h TAH, H 
Pimelea alpina s TAH, STG, H 
Plantago spp. h TAH, STG, SAH, B 
Richea continentis+ s B 
Senecio spp. h TAH, STG, FM 
Sphagnum+ mo B 
*Taraxacum officinale+ h 
Bare soil b 
Rock+ ro 
Litter l 
TOTAL VEGETATION COVER 

2.4 / 5.1 14.2 / 23.2 6.8 / 12.3 1.6 / 3.2 0.6 / 2.7 8 11 10 9 4 13 
0.0 / 0.8 1 0 0 0 0 1 

0.1 / 2.3 0 0 0 0 1 1 
2.6 / 43.8 0 0 0 0 1 1 

0.6 / 5.8 0.7 / 4.4 0.6 / 3.6 1.5 / 6.5 0 2 3 3 4 7 
2.3 / 9.6 4.0 / 18.1 3.4 / 10.3 0.6 / 2.7 0.8 / 3.5 4 4 6 4 4 9 

0.0 / 0.8 0 0 0 0 1 1 
0.0 / 0.8 0.8 / 6.9 2.5 / 6.5 0.2 / 1.5 0 1 2 7 2 8 

0.2 / 3.8 0.2 / 3.8 0.0 / 0.8 0 0 1 1 1 1 
1.1 / 9.2 0 0 0 0 2 2 

0.0 / 0.8 5.3 / 18.9 5.6 / 33.8 7.2 / 32.5 11.4 / 38.9 1 5 3 4 5 6 
6.8 / 23.1 7.7 / 15.4 3.6 / 9.2 4.3 / 19.2 0.4 / 3.1 5 9 7 4 2 11 

0.0 / 0.8 0 0 0 0 1 1 
50.6 / 53.8 29.5 / 33.2 22.9 / 24.3 50.9 / 50.9 54.0 / 54.0 16 16 17 18 17 18 

0.1 / 2.3 0.6 / 10.0 1 1 0 0 0 1 
0.2 / 3.1 0.2 / 3.1 0 0 0 1 1 1 
0.6 / 5.4 1.6 / 9.2 0 0 0 2 3 4 

0.5 / 3.1 0.2 / 1.5 0.4 / 1.9 2.5 / 11.2 0.0 / 0.8 3 2 4 4 1 7 
0.0 / 0.8 1.4 / 25.4 0.4 / 6.9 0.3 / 4.6 1 1 1 1 0 3 

0.0 / 0.8 0.0 / 0.8 0 0 0 1 1 1 
0.1 / 0.8 1.8 / 11.0 2.4 / 14.1 2.2 / 10.0 2 3 3 4 0 4 

0.0 / 0.8 0 0 0 1 0 1 
0.0 / 0.8 0.1 / 2.3 1.1 / 19.2 7.6 / 65.0 0 1 1 1 2 2 

1.2 / 6.7 1.3 / 6.0 0.3 / 3.1 0.8 / 3.7 3 4 2 4 0 5 
0.5 / 8.5 1.7 / 30.8 1.0 / 18.5 1.2 / 22.3 1.1 / 18.5 1 1 1 1 1 1 

0.2 / 3.8 0.1 / 2.3 0.3 / 4.6 0.3 / 5.4 0 1 1 1 1 1 
31.3 / 38.0 24.2 / 33.6 31.5 / 35.5 16.5 / 24.7 12.3 / 17.4 14 13 16 12 12 17 

1.1 / 4.6 0.7 / 3.3 0.8 / 3.5 0.6 / 5.4 0.6 / 3.6 4 4 4 2 3 6 
3.0 / 5.1 6.4 / 9.6 18.8 / 22.6 5.9 / 7.0 3.2 / 5.4 10 12 15 15 10 17 

65.9 68.6 48.9 77.1 83.9 
*Introduced species; +Taxa not recorded in Kosciuszko quadrats; 1 Life form (h = herb; s = shrub; g = graminoid, mo = moss; l = litter; li = lichen; ro = rock; b = bare); 2 

From Costin et al. (2002): TAH = tall alpine herbfield; STG = sod tussock grassland; H = heath; B = bog; FM = feldmark; SAH = short alpine herbfield; F = fen. 
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Overall percentage cover of live vegetation was close to 95% at Kosciuszko before 

and after the drought (i.e. before 1961 and after 1967), but dropped to below 70% 

during the drought period (Table 5.4). Unlike the Kosciuszko photoquadrats, many 

of the Gungartan quadrats in 1959 had fully exposed areas with evidence of erosion 

(Appendix III). Compared to the Kosciuszko quadrats, percentage cover of 

vegetation at the Gungartan quadrats was significantly lower in 1959 (Mann-

Whitney, p = 0.010; U = 33.5) but in 2001, 43 years after the cessation of livestock 

grazing at Gungartan, there was no longer a significant difference (p = n.s.; U = 

77.5). During that period, cover of vegetation at Gungartan increased significantly 

from about 63% in 1959 to above 85% in 2001, with a trough of 50% during the 

drought (Table 5.4). Thus the results indicate that vegetation cover at Gungartan is 

recovering as bare areas are slowly being revegetated. 

n

Table 5.4 Average percent vegetation cover measured at permanent photoquadrats in the 

alpine zone of Kosciuszko National Park. Values are means ± standard errors (nTotal
1 = 26; 

Kosciuszko = 10; nGungartan = 16). 

   Kosciuszko Gungartan Total 
% vegetation cover 1959 92.8 ± 2.9 62.5 ± 6.9 74.2 ± 5.3 
% vegetation cover 1964 95.0 ± 3.6 70.1 ± 6.1 79.7 ± 4.6 
% vegetation cover 19682 62.7 ± 6.0 50.1 ± 6.6 57.6 ± 5.2 
% vegetation cover 1978 93.8 ± 2.4 78.4 ± 5.2 84.3 ± 3.6 
% vegetation cover 2001 93.9 ± 2.8 85.4 ± 5.5 88.7 ± 3.6 

p F p F p F 
Repeated measures n.s. 0.2 0.017 4.9 0.031 3.5 
Contrasts 1959-1964 n.s. 1.6 0.034 5.5 0.017 6.6 
Contrasts 1964-1978 n.s. 0.0 0.030 5.7 0.039 4.8 
Contrasts 1978-2001 n.s. 0.0 0.002 14.8 0.006 9.2 
1Photoquadrats #30, 31, 36 & 43 did not have data for all years compared and thus were excluded 
from the analysis. 2 No data available for photoquadrats #23 & 24. 

The taxon graminoids (largely made up of the snowgrasses Poa costiniana and P. 

fawcettiae) was recorded in every quadrat at both Kosciuszko and Gungartan and 

made up the largest proportion of vegetation cover (Tables 5.2 & 5.3). The herbs 

Craspedia spp. and Celmisia spp. were the next most frequent taxa at Kosciuszko 

occurring at nine out of 12 quadrats (Table 5.2), while *Acetosella vulgaris (13/18), 

Euchiton spp. (11/18), Celmisia spp. (9/18) and Craspedia spp. (8/18) were the next 

most frequent taxa at Gungartan (Table 5.3). 
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Species/genera composition showed high spatial diversity between locations 

(Kosciuszko and Gungartan) and within locations. Seven taxa, the endemic grass 

Chionochloa frigida, the shrubs Olearia spp. and Pentachondra pumila, and the 

native herbs Stylidium sp., Viola betonicifolia, Epilobium spp. and Helichrysum 

scorpioides were only recorded at Kosciuszko (Table 5.2). Also, 11 out of the 24 

taxa recorded at Kosciuszko were at very low frequency and only recorded at one of 

the 12 quadrats. The alien herbs *Acetosella vulgaris and *Taraxacum officinale, the 

native herbs Asperula spp., Brachyscome spp. and Diplaspis nivis, and the bog 

components Richea continentis (shrub) and Sphagnum (moss), were only recorded at 

Gungartan (Table 5.3). A further 12 taxa out of the 26 taxa at Gungartan were at very 

low frequency as they were only recorded at one of the 18 quadrats. 

5.4.2 Life form cover 

Overall, graminoids were the most common vegetation form. Mean graminoid cover 

was 53% in 1959, but this had declined to 23% in 1968, after six years of drought 

(Table 5.5). Graminoid cover in that year was similar to herb cover. In subsequent 

years, however, graminoids recovered to levels similar to 1959. 

Cover by graminoids was similar at both locations, with the exception of 1964, when 

cover at Gungartan had declined by two-fifths from the levels recorded in 1959, 

while cover at Kosciuszko remained at the 1959 level (Table 5.5, Figure 5.3). The 

decline in graminoid cover at Gungartan in 1964 was largely balanced by a larger 

than two-fold increase in herb cover. 

In addition to examining changes in the total proportions of the different life forms it 

is possible to determine which life forms replaced others (Figures 5.4 – 5.5). This 

data shows how dynamic each of the life forms are and how they recovered from 

grazing and were affected by drought. For example between 1959 and 1964, after 

grazing ceased and three years into the 1960s drought, over a quarter of graminoids 

(26%, 479 points) were replaced by herbs, while smaller amounts were replaced by 

shrubs (4.9%), litter (6.5%) and bare ground (3.4%) with just over half (57%) 

remaining graminoids (Figure 5.4a). During the later part of the drought (from 1964 

to 1968), large areas of graminoids continued to die back, so that over a third of 

graminoid cover was replaced by litter (36%), and only 40% remained as 
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graminoids. Sixteen percent (equivalent to 227 points) were replaced by herbs. 

Between 1968 and 1978, when vegetation was recovering from the drought, nearly 

all points on quadrats that had graminoids remained graminoids (82%), with only 

small areas replaced by herbs (6.7%), shrubs (4.4%), litter (4.3%) and bare ground 

(1.2%). The total amount of graminoid cover increased during this period from 847 

points to 2044 points (23.2% to 55.4% of total cover), due to large areas of herbs 

(510 points) and litter (579 points) and some bare ground (217 points) being replaced 

by graminoids. During the last twenty-three years of the survey (1978 to 2001), there 

was some cycling of graminoids to herbs (14%, 286 points), and herbs to graminoids 

(39%, 261 points). Over two thirds of graminoids remained graminoids (68%) with 

some areas becoming shrubs (10%, 204 points), litter (4.8%, 98 points) and a little 

bare ground (2%, 41 points). 

Herbs followed graminoids as the next most extensive vegetation form. The total 

cover of herbs followed the opposite pattern to graminoids as it increased from 20% 

in 1959 to 33% in 1964 (three years into the drought) principally due to areas of 

graminoids (479 points), and bare ground (200 points) being replaced by herbs 

(Table 5.5, Figure 5.4b). During the later part of the drought (1964-1968 surveys), 

herb cover was very dynamic, with a slight overall decline (33.1% to 24.6% total 

cover, Table 5.5). Only 45% of areas that had herbs in 1964, still contained herbs in 

1968, with 255 points (out of 1159, 22%) becoming bare ground, 197 points 

graminoids (17%), 139 points litter (12%) and a small area (48 points, 4.1%) being 

replaced by shrubs (Figure 5.4b). Corresponding to the areas of herbs that were 

replaced by other life forms, was the replacement of other life forms by herbs 

(Figures 5.4a & 5.5). 

After the drought overall herb cover declined to 17.4% by 1978. This was in part due 

to a large proportion of herbs being replaced by graminoids (510 points, 57% of herb 

cover in 1968) with only 28% of herbs remaining herbs during this period. Fewer 

areas of graminoids were colonised by herbs during this period than in any other 

period surveyed (only 57 points, 6.7% of graminoids cover from 1968 to 1978). 

There were however, still some areas of bare ground that were colonised by herbs 

during this period (137 points, 17% of bare ground in 1968 that were replaced by 

herbs by 1978). 

125




Table 5.5 Summary of cover by life forms, litter, rock and bare areas in 30 permanent 

photoquadrats in the alpine zone of Kosciuszko National Park during five surveys between 

1959 and 2001. Values are means ±  standard error. 

Year 
Total 

% cover N 
Kosciuszko 

% cover N 
Gungartan 

% cover N 
Graminoids 1959 52.5 ± 5.2 27 55.8 ± 6.4 10 50.6 ± 7.4 17 

1964 39.6 ± 5.0 30 54.7 ± 6.9 12 29.5 ± 5.9 18 
1968 23.3 ± 3.4 28 23.9 ± 6.0 10 22.9 ± 4.3 18 
1978 55.4 ± 5.1 30 62.2 ± 7.6 12 50.9 ± 6.8 18 
2001 52.2 ± 6.5 29 48.1 ± 10.5 12 55.1 ± 8.5 17 

 Average 44.7 ± 2.5 144 49.6 ± 3.8 56 41.6 ± 3.2 88 

1964 33.1 ± 4.2 30 37.6 ± 6.9 12 30.1 ± 5.4 18 
1968 24.6 ± 3.2 28 39.2 ± 5.4 10 16.4 ± 2.3 18 
1978 17.4 ± 3.4 30 25.8 ± 6.8 12 11.8 ± 3.0 18 
2001 15.2 ± 4.4 29 28.5 ± 9.2 12 5.8 ± 2.0 17 

1964 5.3 ± 2.2 30 2.5 ± 2.4 12 7.1 ± 3.2 18 
1968 7.2 ± 2.7 28 5.5 ± 4.3 10 8.1 ± 3.6 18 
1978 8.8 ± 3.3 30 6.2 ± 4.5 12 10.5 ± 4.7 18 
2001 19.9 ± 6.2 29 17.4 ± 9.4 12 21.7 ± 8.4 17 

Mosses 
 Average 

1959 
8.6 ± 1.7 
0.7 ± 0.5 

144 
27 

7.3 ± 2.5 
0.0 ± 0.0 

56 
10 

9.5 ± 2.2 
1.0 ± 0.9 

88 
17 

1964 1.5 ± 1.0 30 0.9 ± 0.6 12 1.9 ± 1.7 18 
1968 0.9 ± 0.7 28 0.0 ± 0.0 10 1.5 ± 1.1 18 
1978 2.3 ± 1.2 30 0.1 ± 0.1 12 3.7 ± 1.9 18 
2001 0.8 ± 0.6 29 0.3 ± 0.3 12 1.1 ± 1.1 17 

1964 0.0 ± 0.0 30 0.0 ± 0.0 12 0.0 ± 0.0 18 
1968 0.0 ± 0.0 28 0.0 ± 0.0 10 0.0 ± 0.0 18 
1978 0.1 ± 0.1 30 0.0 ± 0.0 12 0.2 ± 0.2 18 
2001 0.1 ± 0.1 29 0.0 ± 0.0 12 0.2 ± 0.2 17 

Bare ground 
 Average 

1959 
1964 

0.0 ± 0.0 
21.1 ± 4.9 
15.6 ± 4.4 

144 
27 
30 

0.0 ± 0.0 
3.9 ± 2.8 
2.7 ± 2.3 

56 
10 
12 

0.1 ± 0.0 
31.3 ± 6.5 
24.2 ± 6.5 

88 
17 
18 

1968 22.1 ± 4.9 28 5.0 ± 3.1 10 31.5 ± 6.5 18 
1978 10.9 ± 3.5 30 2.6 ± 1.4 12 16.5 ± 5.5 18 
2001 8.1 ± 3.2 29 2.1 ± 1.1 12 12.3 ± 5.2 17 

 Average 15.4 ± 1.9 144 3.2 ± 1.0 56 23.2 ± 2.8 88 

1964 0.4 ± 0.2 30 0.0 ± 0.0 12 0.7 ± 0.4 18 
1968 0.5 ± 0.3 28 0.0 ± 0.0 10 0.8 ± 0.4 18 
1978 0.4 ± 0.3 30 0.0 ± 0.0 12 0.6 ± 0.4 18 
2001 0.4 ± 0.2 29 0.0 ± 0.0 12 0.6 ± 0.4 17 

 Average 0.5 ± 0.1 144 0.0 ± 0.0 56 0.8 ± 0.2 88 

1964 4.5 ± 1.2 30 1.5 ± 0.7 12 6.4 ± 1.8 18 
1968 21.5 ± 3.9 28 26.4 ± 5.8 10 18.8 ± 5.2 18 
1978 4.7 ± 1.4 30 3.0 ± 1.3 12 5.9 ± 2.2 18 
2001 3.4 ± 1.4 29 3.7 ± 2.3 12 3.2 ± 1.9 17 

 Average 7.4 ± 1.1 144 7.0 ± 1.7 56 7.5 ± 1.4 88 

Herbs 1959 27 10 1720.4 ± 4.0 33.2 ± 6.2 12.9 ± 4.3 

144 32.6 ± 3.2 56 15.5 ± 1.8 88 
Shrubs 1959 27 10 17 

 Average 22.2 ± 1.8 
1.5 ± 1.4 3.9 ± 3.7 0.1 ± 0.1 

144 0.3 ± 0.2 56 1.9 ± 1.9 88 
Lichen 1959 27 10 17 

 Average 1.3 ± 0.4 
0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

Rock 1959 27 10 170.7 ± 0.3 0.0 ± 0.0 1.1 ± 0.5 

Litter 1959 27 10 173.1 ± 0.7 3.2 ± 1.1 3.0 ± 0.9 
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Figure 5.3 Percentage cover of the life forms (a) graminoids, (b) herbs and (c) shrubs in 

permanent photoquadrats at Kosciuszko (filled squares) and at Gungartan (empty squares) in 

the alpine zone of Kosciuszko National Park. Values are means ± standard error. 
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Figure 5.4 What changes to what: percentage of cover by (a) graminoids and (b) herbs persisting or changing to a different cover type. Data collected from 30 


permanent photoquadrats in the alpine zone of Kosciuszko National Park during five surveys between 1959 and 2001.
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Figure 5.5 What changes to what: percentage of cover by shrubs persisting or changing to a different cover type. Data collected from 30 permanent photoquadrats 

in the alpine zone of Kosciuszko National Park during five surveys between 1959 and 2001. 
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From 1978 to 2001, herbs remained dynamic. Although there was an overall slight 

net decline in cover (from 17.4% in 1978 to 15.2% in 2001), only 33% of areas with 

herbs in 1978 still had herbs in 2001 (Table 5.5, Figure 5.3b). Again, the largest 

change was in herbs to graminoids (39% or 261 points), with nearly the same amount 

of graminoids becoming herbs (286 points). Other smaller changes were from herbs 

to shrubs (101 points or 15% of herb cover in 1978), herbs to bare ground (67 points, 

10%), with only 15 points (2.2%) changing to litter. A comparatively small amount 

of bare ground (25 points), litter (22 points), and shrubs (13 points) became herbs 

during the same period. 

The cover of herbs differed between locations, with Gungartan having less than half 

the herb cover of Kosciuszko in all years except 1964 (Figure 5.3b). Herb cover at 

Gungartan rose from 13% in 1959 to 30% five years later, before dropping to 16% 

within the next four years as graminoids recovered, and declined even further to 6% 

by 2001. Herb cover at Kosciuszko was higher than at Gungartan, ranging between 

30% and 40% during the first three surveys, but dropped below 30% at the 1978 

survey (Figure 5.3b). 

Overall mean shrub cover increased from below 2% to 20% in 42 years (Table 5.5). 

Shrubs were absent in 1959 at the Gungartan photoquadrats, but recorded 4% cover 

at the Kosciuszko photoquadrats (Figure 5.3c). By 2001, cover had reached 22% and 

17% at Gungartan and Kosciuszko respectively. Shrubs increased between the first 

two survey periods post grazing due to their replacement of other life forms/cover. 

Between 1959 and 1964 they replaced bare ground (60 points, or 8.1% of bare 

ground; Figure 5.7a), graminoids (90 points, or 4.9% of graminoids; Figure 5.4a) and 

to a lesser extent herbs (24 points, or 3.4% cover; Figure 5.4b) and litter (11 points, 

or 10% cover; Figure 5.7b). The small amount of shrub cover in 1959 (54 points) 

was dynamic, with most of it being replaced by bare ground, graminoids, herbs and 

litter. This situation changed from 1964 on as areas that had shrubs increasingly 

tended to remain shrubs, and there was also a net gain in shrub cover from the other 

life forms/cover. Similar observations were recorded at the transect study (cf. 

Chapter 4), and most of this increase appears to have occurred due to growth and 

lateral expansion of existing shrubs rather than establishment of new shrubs from 

seedlings. Also, although shrubs replaced areas of bare ground, they also replaced 

graminoids, herbs and litter. 
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Mosses (1.3%) and lichen (0.04%) remained uncommon in all surveys (Table 5.5). 

There was little or no moss cover at the Kosciuszko quadrats during the 42-year 

period. Moss cover at Gungartan was around 1% for four of the surveys, but rose to 

3.7% in 1978, after a period of above average precipitation (cf. Appendix I). Out of 

the 30 photoquadrats, lichen was only recorded at 3.1% cover in one quadrat at 

Gungartan in the years 1978 and 2001 (Table 5.5). 

5.4.3 Bare ground, rock and litter 

The extent of bare areas and exposed rock was clearly higher at the Gungartan sites 

for all surveys during the 42-year period (Figure 5.6a, Table 5.5). Bare areas at 

Kosciuszko averaged 3% of the quadrat area with little variation between surveys 

and even by the end of the drought in 1968 only reaching 5%. Bare areas at 

Gungartan, however, were far greater, averaging at 23% over the 42 years, but with a 

strong declining trend. In 1959, bare areas at Gungartan plots averaged 31% but had 

declined to 12% in 2001. There was a strong increase in 1968, which was likely to 

have been the effect of the severe drought in the 1960s. The rate of decline in the 

extent of bare areas appears to be slowing. There was an almost linear decline in bare 

areas from 1959 to 1978 (excluding the drought affected 1968 result) with a rate of 

about -0.8% per year (Figure 5.6a). Between 1978 and 2001, the extent of bare areas 

has declined on average by 4.2% per quadrat or at a rate of about -0.2% of the total 

surface area of photoquadrats per year. 

To determine if the extent of the initial amount of bare area per quadrat influenced 

recovery, the photoquadrats were grouped into three categories according to the 

percentage of bare area recorded in 1959: (1) high (100-40% bare area, seven 

quadrats), (2) medium (39-10%, eight quadrats), and (3) low (9-0%, 15 quadrats) 

(Figures 5.8 – 5.10, Table 5.5). There were some differences in the pattern of recover 

among the photoquadrats depending on the amount of initial bare ground, although 

all showed an overall trend of increasing vegetation cover. For quadrats with large 

bare areas in 1959, most areas of bare ground were not colonised by vegetation 

(Figure 5.10a). For those quadrats that initially had moderate amounts of bare ground 

(39-10% bare ground in 1959) the pattern was more dynamic, with an overall trend 

for increasing vegetation cover, but a more dynamic response with bare ground 

becoming vegetated and then bare again. 
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Figure 5.6 Percentage cover of (a) bare ground, (b) litter and (c) rock in permanent 

photoquadrats at Kosciuszko (filled squares) and at Gungartan (empty squares) in the alpine 

zone of Kosciuszko National Park. Values are means ± standard error. 
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Figure 5.7 What changes to what: percentage of cover by (a) bare ground and (b) litter persisting or changing to a different cover type. Data collected from 30 

permanent photoquadrats in the alpine zone of Kosciuszko National Park during five surveys between 1959 and 2001. 
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Figure 5.8 Extent of (a) bare areas and (b) vegetation cover at 30 permanent photoquadrats in the alpine zone of Kosciuszko National Park. Colours 

indicate cover categories determined by cover levels in 1959: green = 0-9% bare ground; blue = 10-39%; 40-100%. Fine lines represent individual 

photoquadrats and bold lines represent averages of categories. 
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Figure 5.9 What do bare areas change to: percentage of cover persisting or changing to a different cover type at sites with (a) high (40-100%) and (b) 

medium (10-39%) initial amounts of bare areas in 1959. Data collected from 30 permanent photoquadrats in the alpine zone of Kosciuszko National 

Park during five surveys between 1959 and 2001. 
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Figure 5.10 What do bare areas change to: percentage of cover persisting or changing to a different cover type at sites with low (0-9%) initial amounts of bare areas 

in 1959. Data collected from 30 permanent photoquadrats in the alpine zone of Kosciuszko National Park during five surveys between 1959 and 2001. 
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For the fifteen quadrats with the low levels of bare ground in 1959, mostly those at 

Kosciuszko, nearly all bare ground was replaced by vegetation, in all but the initial 

drought years (1964-1968 surveys), with some new areas of bare ground forming in 

those years. 

Initially bare ground was colonised principally by herbs (27% overall, 25% for high, 

29% for medium, and 35% for low levels of bare ground in 1959, Figures 5.7-5.10). 

Graminoids and shrubs also replaced bare ground between 1959 by 1964  (11% and 

8.1% respectively). As the drought intensified (1964-1968), the amount of bare 

ground increased from 15.6% to 22.1% (Table 5.5). During this period, there was 

little increase in bare areas in the already heavily disturbed quadrats (440 points in 

1964 to 461 points in 1968, Figure 5.9a), but for photoquadrats that had high 

vegetation cover in 1959, there was a dramatic increase in bare ground during the 

later part of the drought (164 points to 287 points for medium, and 5 to 55 points for 

low). As vegetation recovered from the drought, bare areas declined, with 

replacement by graminoids (27%, 217 points), herbs (17% 137 points), shrubs (7.4%, 

59 points) and a few mosses (4.1%). Between 1978 and 2001, there were further 

declines in bare areas (8.1% overall in 2001), as bare ground was colonised by 

shrubs (26%), graminoids (27%), herbs (5.9%), with only 40% of the bare ground in 

1978 still not covered by vegetation in 2001. There were differences among quadrats 

in which life forms grew into the bare areas. For the quadrats with high levels of 

disturbance in 1959, it was principally graminoids (32%), while for those that had 

medium levels of bare ground, it was shrubs (72%). 

Litter cover in 1959 and in 2001 was below 4% at both locations, but towards the end 

of the drought in 1968 had increased dramatically to 26% at Kosciuszko and 19% at 

Gungartan before declining to below 6% by 1978 (Table 5.5 & Figure 5.6b). Litter 

had the highest turnover of any of the ground cover categories, with most litter being 

replaced by vegetation between survey periods (Figure 5.7b). In the initial survey 

period (1959-1964), the small amount of litter present was colonised by graminoids 

(31%), herbs (31%), shrubs (10%) or became bare ground (18%). With the start of 

the drought, there was an increase in litter mostly due to the death of graminoids. 

Some of this litter was colonised by graminoids (14%), herbs (14%) and shrubs 

(9.4%) even during the latter part of the drought (Figure 5.7b). By 1968, when the 
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drought had caused extensive areas of graminoids to die back and form litter (36% of 

graminoid cover in 1964 was litter in 1968, 511 points), litter cover reached its peak 

(21.5% of total cover, Figure 5.6b). Most of this litter was rapidly recolonised by 

graminoids in the next ten years (74% or 579 points), with small areas being 

colonised by herbs (8.9%) and shrubs (3.8%) and only 3.2% becoming bare ground. 

During the final survey period, the small remaining amount of litter (4.7% in 1978, 

3.4% in 2001) was again colonised principally by graminoids (71%). 

The areas of exposed rocks were low at both locations. No rocks were recorded at 

Kosciuszko. At Gungartan, rock was only recorded at six out of 18 photoquadrats, 

reaching up to 7% at some quadrats. However, the average cover of exposed rock at 

Gungartan was less than 1% (Table 5.5 & Figure 5.6c). 

5.4.4 Palatable species 

The palatable endemic ribbony grass Chionochloa frigida was recorded at very low 

frequency, that is, it was found only at Kosciuszko as a single tussock in one plot. 

However, this tussock was very long lived and grew from covering 12% in 1959 to 

above 93% of the photoquadrat within 42 years (Table 5.2). Thus, this long-lived 

species showed an average increase in cover of almost 2% per year. 

Several of the major herbs, which were preferentially grazed by livestock (Wimbush 

and Costin 1979a), can persist for many years. For example, the silvery grey woolly 

Billy-button, Craspedia maxgrayi, was observed to persist for up to a decade 

(quadrats #30 & #43). The palatable herb Aciphylla glacialis (Mountain Celery) was 

also recorded at low frequency, occurring in only two of the 30 quadrats: as a once-

off score of a small plant at Gungartan in 1959, and in the second case as a maturing 

specimen at Kosciuszko that grew from covering 2.3% of the quadrat in 1959, to 

more than 25% nine years later (Table 5.2). It was no longer present in 1978, ten 

years after displaying many dead leaves during the severe drought (quadrat #34) (cf. 

Table 5.2 and Appendix III). 

Another palatable herb, the fine feather-like Oreomyrrhis eriopoda, was more 

prevalent at Kosciuszko (8 quadrats) than at Gungartan (1 quadrat) (Table 5.2 & 5.3). 

Overall cover of this small species was low, but has been increasing in the last two 

surveys, reaching over 22% at one site. 
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5.4.5 Abundant herbs 

The widespread tufted herb Celmisia was the dominant herb genus, occurring at 18 

out of the 30 quadrats with an average cover of almost 25% at Kosciuszko and about 

2% at Gungartan (Table 5.2 & 5.3). As mentioned previously, the boundaries 

between Celmisia patches and surrounding snowgrasses are often very distinct (cf. 

Chapter 3). Such patches can be very large and there has been discussion about the 

rate and extent of expansion and potential shifting of Celmisia patches. Some clear  

boundaries at the Celmisia-Poa interface could be observed and traced over time at 

six of the 30 photoquadrats (quadrats #23 to #25, #32, #33 and #49). They indicated 

that Celmisia patches can persist for over four decades and that boundaries with Poa 

over that time frame may show little change for decades (Plate 5.1). It appears that 

the expansion of Celmisia patches, if occurring, is by gradual spread at the boundary 

zone rather than by spot colonisation by Celmisia seedlings in surrounding 

vegetation. Thus, such an expansion is likely to occur via mechanisms of clonal 

growth and vegetative spread, rather than by seedling establishment. 

The diverse genus Craspedia was represented at 17 photoquadrats overall, although 

with much less cover than Celmisia, averaging at below 2% at Kosciuszko and below 

1% at Gungartan (Table 5.2 & 5.3). Some specimens were observed to persist for 

more than 20 years (Appendix III, #43). 

The golden flowered perennial herb Helichrysum scorpiodes (Button Everlasting) 

was recorded at 5 of the 12 Kosciuszko quadrats, but was not recorded at Gungartan. 

Cover at the two plots where it was most abundant increased until 1978 to above 

30%, before almost disappearing by 2001. A similar pattern of increase was observed 

at another site, with an expansion from 1.5% cover in 1978 to 19.2% by 2001. 
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1959 

1968 

1964 

1978 

2001 

Plate 5.1 Change of a Celmisia-Poa boundary over time in a permanent photoquadrat (#32) 

in the alpine zone of Kosciuszko National Park during five surveys between 1959 and 2001. 

5.4.6 Minor herbs 

Some of the minor herbs also persisted for many years, some even for decades. The 

late-flowering Snow-gentian, Chionogentias muelleriana, persisted amongst 

snowgrasses for at least 14 years in one photoquadrat (cf. Appendix III, quadrat #31). 

The fine light-green tufts of subrosulate basal leaves persisted even during the 

drought period when the surrounding Poas died. The white tufted daisy Brachyscome 
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scapigera can also be long-lived. Small individual clumps at a photoquadrat at 

Gungartan (quadrat #39) were observed to persist in the same locations for up to four 

decades (Appendix III). Brachyscome spp. were not recorded in the Kosciuszko 

quadrats, but were present at seven quadrats at Gungartan, providing at least 0.6% of 

cover from 1968 on. In 2001, cover had more than doubled to 1.5% (Table 5.3). 

The Asteraceae Senecio spp. occurred at both locations although at an average cover 

of below 1.5% at any survey. The native dandelion, Microseris lanceolata, is a 

widespread and relatively common species in tall alpine herbfields. It was recorded 

at low cover at Kosciuszko in all surveys, but only appeared at Gungartan in 1978, 

where it doubled in cover by 2001. 

Other recorded low-scoring (< 4 quadrats) herb species/genera were the herbs 

Epilobium spp., Stylidium sp. aff. graminifolium and an unidentified herb at 

Kosciuszko, and the herbs Asperula spp., Diplaspis nivis and another unidentified 

herb species at Gungartan. The herbs Chionogentias muelleriana, Euphrasia spp., 

Neopaxia australasica and Plantago spp. also occurred very infrequently but were 

recorded at both locations. 

5.4.7 Colonising species 

The silvery-leafed mats of the cudweeds Euchiton nitidilus or E. argentifolius 

occurred in almost all quadrats which had patches of exposed soil, gradually 

colonising exposed areas through lateral expansion of their dense mats. Euchiton spp. 

were present at 11 photoquadrats at Gungartan compared to only one at Kosciuszko. 

This uneven distribution corresponds with the significantly higher proportion of bare 

areas at Gungartan. Patches grew considerably in the first four to eight years, 

reaching cover of above 50% in two photoquadrats, but declining to an average cover 

of below 1% by 2001 as plants senesced and gradually died. In one quadrat (#50), 

however, Euchiton spp. were observed to persist for almost two decades, during 

which time it expanded from a few leaves to a mat of almost 0.3 m2. In general, as 

the plants matured, the formerly dense mats became patchy and were gradually 

invaded by other species, particularly grasses and epacrids. Thus, Euchiton appear to 

be pioneering species that play a role in soil stabilisation and the preparation of 

exposed areas for subsequent successional stages (quadrats #35, #44, #46, #48 and 
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#50 to #52). Where such succession occurred, the grasses and shrubs then expanded 

in cover, recolonising or at least providing cover for remaining bare areas through 

lateral expansion (cf. Appendix III: quadrats #27, #36 to #38, #41, #44 and #50 to 

#52). 

Another good coloniser of bare areas is the small naturalised herb *Acetosella 

vulgaris. *Acetosella vulgaris was usually the first species to establish itself on 

totally bare areas. Nevertheless, while growing vigorously in areas with some litter 

cover, *A. vulgaris plants on exposed and eroded soils were small and sparsely 

distributed, providing only little cover and soil stability.  

5.4.8 Grasses 

Field observations indicated that Poa spp. were the main components of the taxon 

graminoids. The widespread snowgrasses appear to be very susceptible to dry 

periods as evidenced by the strong decline in the cover of graminoids by 1968 (Table 

5.2 & 5.3). Dead Poa made up most of the dead vegetation that was recorded as 

litter, forming a dense cover of mulch (pers. obs. by author). Studies by Costin 

(1954) and Kirkwood (2001) have indicated that the decrease in competition, as 

resulting from case moth herbivory or trampling, may result in a temporary increase 

in cover and abundance of herbs. Similar results were found in the transect study 

(Chapter 4), where herb cover and abundance increased during the first few years of 

the drought after the death of the snowgrasses. Similarly, herb cover and abundance 

also initially increased during the early years of the drought (1964 survey), but had 

declined towards the end of the drought (1968 survey). By 1978 the snowgrasses had 

fully recovered and even expanded from their initial cover (cf. quadrats #35, #38, 

#39 and #43), while the herbs had similar cover to observations in 1959. 

5.4.9 Moss, shrubs & lichen 

The peat forming light coloured moss Sphagnum cristatum was only observed at one 

photoquadrat (#42). After little expansion from its initial area between 1959 and 

1978, S. cristatum has spread laterally by about 400 mm in the 23 years until 2001. 

Similarly, the candle heath Richea continentis increased in cover from a few 

widespread branchlets in 1964 and 1968, to a fairly dense cover of the stiff and 

pungent plant embedded in a bed of sphagnum moss. McVean (1969) reported the 
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death of R. continentis patches covering several square metres during the drought 

years of 1965 and 1966. There was little R. continentis present before and during the 

drought and thus drought effects could not be observed for that species during the 

photoquadrat study. 

The alpine rice-flower Pimelea alpina was recorded mainly at Gungartan, although it 

was also present at one Kosciuszko quadrat in the 1960s. The shrub species was no 

longer recorded at any photoquadrats in 2001 after earlier producing cover of up to 

25% in some quadrats. In contrast, Epacris spp. were recorded with increasing cover 

at both locations, reaching an average cover of over 10% in 2001. Other low-scoring 

(> 4 quadrats) shrub species/genera recorded at the Kosciuszko quadrats were 

Olearia spp. and Pentachondra pumila. 

The thicket forming rope-rush Empodisma minus occurred in dense thickets or 

interspersed amongst grasses and shrubs at both locations, reaching on average above 

1% of cover in 2001. 

At Gungartan, lichen and Sphagnum moss were recorded at only two quadrats. A 

small patch of dry and stiff white lichen was present at one photoquadrat, where it 

persisted for almost four decades (quadrat #45). 

5.4.10 Weeds 

Two alien species were found at Gungartan, while only native species were recorded 

in the Kosciuszko photoquadrats. This result was similar to results from the transect 

study. The naturalised colonising herb *Acetosella vulgaris (Sheep Sorrel) was 

present at 13 out of 18 photoquadrats at Gungartan. Cover of *A. vulgaris 

dramatically increased from 2% in 1959 to 14% in 1964, before declining to less than 

1% by 2001 (Table 5.3). *Acetosella vulgaris is generally one of the first species 

colonising bare ground in the Kosciuszko alpine zone. Its initial increase in cover 

may be a reflection of the removal of livestock grazing, which had continually 

disturbed and expanded the bare areas through trampling and selective grazing. The 

second alien species recorded was the large herb *Taraxacum officinale (Dandelion). 

It only occurred at one photoquadrat, where it persisted at a cover of less than 6% 

since its establishment in 1964. 
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5.5 DISCUSSION 

The permanent photoquadrats have provided invaluable insights into long-term 

vegetation persistence and change at the genera and life form scales. The results from 

the photoquadrat study were consistent with, and added to, results from the transect 

studies discussed in Chapter 4. 

5.5.1 Tall alpine herbfield 

Results from the photoquadrat study provided quantitative information about the 

composition of tall alpine herbfield and showed that: (1) in the absence of livestock 

grazing and drought, tall alpine herbfield at the photoquadrats was characterised by 

nearly entire vegetation cover (~94% at Kosciuszko in non-drought years and 84% at 

Gungartan in 2001); (2) graminoids were the dominant life form in terms of cover 

(above 50% cover outside the drought period), followed by herbs (22%, average of 

all years) and shrubs (9%); (3) important taxa in terms of cover (greater than 5% at 

one or both locations in 2001) were Celmisia (23% cover at Kosciuszko, but only 1% 

at Gungartan), Epacris (10% at Kosciuszko, 11% at Gungartan), Richea continentis 

(8% at Gungartan) and Chionochloa frigida (single large plant in one quadrat at 

Kosciuszko); (4) some tall alpine herbfield taxa were long lived with a few plants 

persisting for up to four decades; (5) under “average” (non-drought, non-grazing) 

conditions, the relative cover of herbs and graminoids remained fairly stable; and (6) 

the only common introduced species was *Acetosella vulgaris, which was effective 

at colonising bare ground but was replaced by native species with increasing 

vegetation cover. 

As was found for the transect data, there were two main types of disturbance that 

influenced vegetation composition and cover in the photoquadrats: the impacts of 

former livestock grazing and the effects of drought. 

5.5.2 Patterns of recovery from livestock grazing 

The impacts of grazing at Gungartan were apparent in the 1959 photoquadrats with 

clear differences between the two locations in species composition, extent of bare 

ground, amount of exposed rock and vegetation cover. For example, in 1959 at 

Gungartan there was only 63% vegetation cover compared to 93% at Kosciuszko, 
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with 31% of the photoquadrats being bare ground at Gungartan. What happened over 

the next 43 years to these areas of bare ground provides information about the way in 

which tall alpine herbfield can recover from grazing and other types of disturbance. 

Quadrats that had more than 40% bare ground in 1959 had a higher proportion of 

herbs replacing bare ground than more vegetated quadrats. Herbs such as *Acetosella 

vulgaris and Euchiton spp. were able to colonise bare ground from within, while 

graminoids replaced bare ground largely by colonisation from the edges of bare 

patches. Thus at the less damaged quadrats with lower surface area to edge ratios, 

graminoids were the primary replacement of bare ground, indicating that the shape 

and size of bare areas are likely to influence the revegetation timeframe and process 

considerably. Surrounding vegetation may provide protection from wind and sun, 

creating favourable microclimatic conditions and speeding up revegetation by means 

of lateral expansion from existing plants. 

In this study, bare areas generally consisted of one or more large patches per quadrat, 

rather than sparse vegetation with intertussock spaces. Intertussock spaces would be 

less likely to score as bare ground in an analysis of bird’s eye view photographs, 

compared to transect analysis in the field. This is because small exposed intertussock 

areas could be covered by overhanging vegetative material from surrounding plants. 

The results from this study also highlight the impact of grazing on some individual 

taxa and showed that several taxa were only recorded at one of the two locations. For 

example, preferential grazing and burning almost eradicated Chionochloa frigida 

from the eastern slopes of the Kosciuszko Main Range (McVean 1969; Costin et al. 

2000). Since the removal of livestock grazing and the cessation of regular burning, 

C. frigida has been reported to be recovering (McVean 1969; Costin et al. 2000). The 

photoquadrat study provides evidence of the growth rate and long lifespan of C. 

frigida which was only recorded at Kosciuszko. This study documented the growth 

and persistence of a tussock of C. frigida, which was present for the entire survey 

period in one photoquadrat and on average increased annually by 2% in cover. These 

observations are in line with work on the New Zealand species of Chionochloa, 

which indicated that the grasses are long-lived and tussocks may reach well over 100 

years of age (Costin et al. 2000). Other taxa that were only recorded at the largely 

recovered Kosciuszko quadrats were the herbs Helichrysum scorpioides, Olearia 
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spp., Stylidium sp. aff. graminifolium and Viola betonicifolia and the shrub 

Pentachondra pumila. Several taxa were only recorded at the location with greater 

disturbance, Gungartan: namely the introduced species *Acetosella vulgaris and 

*Taraxacum officinale, the native herb Diplaspis nivis, and Richea continentis and 

Sphagnum which prefer moist areas. The presence of weeds at Gungartan is likely to 

be a reflection of disturbance. As the cover by native species recovered with time, 

the cover of *A. vulgaris declined to very low levels, while *T. officinale persisted 

but remained low in cover. Some palatable species, such as Oreomyrrhis eriopoda, 

were more prevalent at Kosciuszko but established and increased in cover in later 

surveys, which is a likely indication that they are recovering from former grazing 

impacts. 

Further, Celmisia spp. provided about a quarter of vegetation cover at the 

Kosciuszko quadrats, but was only a minor component in terms of cover at the 

Gungartan quadrats despite being fairly widespread. The lack of increase in cover of 

Celmisia spp. at Gungartan despite considerable disturbance at that location was 

unexpected in light of suggestions by McVean (1969) and Costin (1954) postulating 

that many patches of Celmisia spp. may be the result of previous disturbance. 

Shrubs were only a minor component of the tall alpine herbfield community in 1959, 

but have increased over the past four decades to around 20% of cover in 2001. This 

increase in cover appeared to be largely due to the growth of established shrubs and 

less the result of shrub seedling establishment in bare areas, as has been observed in 

other studies (Williams and Ashton 1987b, 1988; Williams 1992). There were a few 

examples, however, of shrubs establishing within maturing Euchiton patches as part 

of secondary succession. 

5.5.3 Drought effects and recovery 

Drought conditions during the 1960s caused clear changes in the total vegetation 

cover and in the relative cover of herbs and graminoids. Initially there was a dramatic 

decline in graminoid cover, while herb cover increased. However, as the drought 

persisted, the cover of herbs also declined. There appears to be an overall decline in 

herb cover since a recorded peak in 1964, which was during the drought. As 

graminoids recovered to pre-drought levels, herb cover further declined.  
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The decrease in resource competition as the grasses died during the drought and a 

likely pulse of nutrients from the dead plant material may have contributed to the 

increase in herb cover in the early stages of the drought (Kirkwood 2001). Increased 

nutrient availability have been shown to enhance the germination and growth of forb 

species in alpine environments, generally favouring early successional, fast growing 

species such as colonising herbs (Mallen-Cooper 1990; Körner 1999). In a study of 

tall alpine herbfield affected by native moth larvae, which almost exclusively fed on 

the bases of Poa leaving behind a layer of dead leaves similar to the graminoid litter 

resulting from drought, Kirkwood (2001) found that plots affected by case moth 

grazing had higher soil nutrient levels compared to ungrazed areas. This nutrient 

increase is likely to stem from the decay and leaching of the dead plant material. 

5.5.4 Strengths of photoquadrat analysis 

Photoquadrats are a valuable tool for measuring long-term vegetation change in 

alpine vegetation. Photographic records provide a snapshot in time of the real world, 

enabling researchers to visually compare and assess the vegetation as well as using 

quantitative techniques for analysis. As demonstrated in this chapter, permanent 

photoquadrats can provide precise data on micro scale spatial patterns, including the 

detailed assessment of vegetation change, boundary movements, plant growth and 

replacement patterns. While some of these observations can be made from transect 

studies, the detailed visual records as captured in the photoquadrat images may 

further allow for precise spatial relocation and tracing of outline patterns that can be 

used to identify some individual plant species or clonal groups over long time 

periods with confidence. 

Photoquadrats offer a fast and much more efficient way of field sampling than 

transect studies, reducing field time per site, thus enabling researchers to collect 

more samples in the allocated field time. Photographic records are of particular value 

to long-term studies as many different people may be involved in such projects over 

time. Photographic records can provide a permanent and precise visual record of past 

condition of the study plots, allowing new researchers to familiarise themselves with 

the vegetation of the study area in the past. While this is possible to a degree using 

quantitative data such as collected from transects, the information contained in a 

picture can provide a much deeper understanding. Photographs provide qualitative 
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information that may explain trends or outliers in the quantitative data. They allow 

the researchers to get a good “feel” for the subject in study even though they cannot 

return in time to do so. 

While some of the observations of longevity of individual species are not replicated, 

this study provides new and in temporal terms unequalled insights into the 

characteristics of some alpine plants. For example, the documentation of persistence 

for decades by plants including Chionochloa frigida, Brachyscome scapigera and 

Euchiton spp. provides unprecedented evidence that these species can be quite long-

lived. 

5.5.5 Image analysis 

Various techniques for the quantitative assessment of photographic vegetation 

records are available. Current imaging and geographic information system (GIS) 

software provides new avenues for data analysis, but more traditional methods may 

still be required These avenues should be considered when setting up any new long-

term studies, as simple adjustments to the methods (e.g. displaying a boundary frame 

with marked segments instead of only four corner pegs) may dramatically simplify 

the sampling and analysis procedures and increase both precision and accuracy. The 

visual display of a boundary frame of fixed dimensions on the images would provide 

exact reference points in the image, facilitating the use of a second order rectification 

on digital images to adjust for distortion (e.g. from the camera lens or an uneven 

surface, causing the photo to be taken at a slight angle).   

Given the amount of information provided by an image, it is desirable to quantify as 

much of that as possible. Image analysis techniques, using the hue, saturation and 

lightness or red, green and blue values of individual pixels and their neighbours, are 

increasingly used for vegetation classification (e.g. Viergever 2002). The application 

of these methods, however, is limited to a much smaller scale than used in this study 

and requires extensive ground truthing and adjustments of the scoring values 

between years to deal with changes in image quality. Similarly, pattern based 

recognition techniques are currently in development and have been successfully 

applied to small scale aerial photography, particularly to recognise features of built 
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up areas (Viergever 2002). They are, however, not suitable for large scale images as 

used in this study. 

The use of photographs to map features of pre-defined classes by tracing the outlines 

of each class simplifies and quantifies the information from the image and allows for 

easy visual comparison in time. The main issues arising from this method were the 

difficulties with defining some of the boundaries and the scale to which the 

vegetation was mapped. For example, a single large specimen of Craspedia 

maxgrayi may make up a considerable percentage of a 600 by 900 mm quadrat and 

may be easily outlined, while a much smaller herb such as Helichrysum scorpioides 

may be widely scattered as individual specimen over the plot, making up 

considerable percentage of cover, but being too small to map individually. Therefore 

such species may be overlooked and/or underrepresented, or the pre-defined classes 

have to be adjusted to possibly include them – making the classes vague/broad and 

potentially less relevant. 

The point-quadrat scoring technique can be used to quantify both spatial and 

temporal patterns. By adjusting the number of points per area (using a smaller grid) 

this technique can be optimised to suit specific vegetation types and therefore 

provide a good representation of the vegetation present, including low scoring and 

small species which may not be individually represented by a mapping method. The 

scoring of point-quadrats can be more objective and repeatable than the mapping of 

boundaries, though strict classification guidelines should also be determined prior to 

analysis. The recording of the spatial component of individual point-quadrats also 

allows mapping of the vegetation cover. Further, when point-quadrats are assessed 

repeatedly over time, changes in vegetation can easily be mapped, calculated and 

statistically tested. 

Plot size also influences the quality of the information collected. In a vegetation 

community as highly variable as tall alpine herbfield communities, between quadrat 

variability may be very large if small plots are used. An increase in the number of 

plots rather than increasing plot size can provide a better representation of the spatial 

variation of the area of interest while maintaining the opportunity to examine specific 

patterns (e.g. temporal shifts of the boundary between Celmisia and Poa). 
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5.5.6 Limitations and considerations for future sampling 

Despite the advantages that long-term research such as the photoquadrat study 

brings, there are some limitations that need to be considered. One problem common 

to permanent plot studies is their limited spatial distribution (Carr and Turner 1959b; 

Austin 1981; Bridle and Kirkpatrick 1999). Site replication is important, as the 

extrapolation of results from single-location studies may be limited by possible 

chance local events (Swaine and Greig-Smith 1980). As the permanent 

photoquadrats in the Kosciuszko alpine zone were not randomly placed, the 

generalisation of the results to the wider alpine area needs to be approached with 

caution. Nevertheless, the sites were selected with the experience of the researchers 

and were considered to be representative of the vegetation of the area at the time of 

establishment (Wimbush and Costin 1979c). Furthermore, the photoquadrats were 

spread over a distance of about two kilometres at both locations, providing a 

considerable spatial spread and independence among quadrats. The observed past 

and present day variation between the two locations supports this. 

The detection of long-term population trends may be obscured by short-term 

variation, such as the strong response of graminoids and herbs to drought as observed 

in this study (Lesica and Steele 1996). Thus a single spatio-temporal pattern 

observed in long-term plots may result from different processes (Herben 1996).  A 

frequent and regular sampling regime increases the chances of detecting and 

separating such patterns (Austin 1981). Hence, it is recommended that sampling 

continue at regular intervals no longer than 5 years, but preferably shorter, to 

increase the power of the data to detect patterns of change and relate them to 

environmental conditions. 

Bird’s eye views provide information about the top layer of vegetation. In tall alpine 

herbfields, the large graminoids (e.g. snowgrasses and Empodisma and some major 

herbs (e.g. Craspedia, Celmisia) form the top stratum, sometimes including some 

shrubs (Costin 1954). Minor herbs therefore may be underrepresented in scores, 

unless the top stratum has been removed or damaged such as by drought, moth 

herbivory or trampling. Thus, part of the initial increase by herb cover during the 

reduction in graminoid cover may be attributed to the increased exposure of minor 

herbs rather than actual increase in cover. This methodological drawback did not 
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occur in the assessment of point quadrats along transects in the field, as all species at 

each point were recorded for all strata. A comparison of results between the transect 

study, which involved field based scoring of point quadrats along transects (cf. 

Chapter 4), and the photoquadrats nevertheless show that the possible 

methodological effect was far outweighed by the real increase in herb cover. 

The use of digitised photoquadrat images was trialled during this study, but was 

found to be insufficient due to the limited output quality for assessment. However, 

with increasing digital picture quality, improved processing power and 

improvements in image processing software, the use of digital capture, storage, 

processing and analysis techniques has great potential to improve efficiency, 

precision and accuracy of photoquadrat analysis. For example, digital images can be 

rectified to account for image distortion and differences in captures between years by 

the use of fixed reference points, such as corner pegs or a quadrat frame. Given 

sufficient image quality and resolution, photoquadrats can then be analysed using 

either boundary mapping or point-quadrat techniques directly on-screen. Temporal 

and spatial variation could then be analysed directly using geographic information 

and statistical analysis software. 

5.5.7 Contributions to our understanding and implications for 

management 

The photoquadrat study provided detailed information about vegetation change and 

persistence at the scale of individual quadrats, between quadrats and locations. They 

revealed micro scale patterns such as the persistence of boundaries between Celmisia 

and Poa, growth rates and persistence of individual species, and replacement patterns 

over time. Patterns observed in photoquadrats can be analysed quantitatively but also 

provide visual qualitative records of immense value for long-term research and could 

be used as examples for education and interpretation of the ongoing processes in the 

alpine area. Records of permanent photoquadrats can be collected rapidly in the field 

and analysed efficiently later at a time of convenience. This technique could be 

particularly useful to assess the recovery of disturbed areas, such as at eroded or 

burnt sites. 
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6	 RESTORATION OF ALPINE HERBFIELD 

ON A CLOSED WALKING TRACK IN 

THE KOSCIUSZKO ALPINE ZONE 

6.1 SUMMARY 

Increased human use of arctic and alpine environments, including tourism and 

recreation use of mountain protected areas, can result in damage to the natural 

vegetation and soils. Restoration of the damage can have limited success due to the 

severity of the environment restricting plant germination and growth, and increasing 

the potential for soil erosion. This study evaluated the success of restoration of a 

closed track in the Kosciuszko alpine zone. Vegetation and soils along a four 

kilometre walking track (that was closed and rehabilitated more than 15 years ago) 

were compared with the adjacent undisturbed vegetation and soils. There was limited 

success in restoration with clear differences in soil nutrients, extent of vegetation 

cover, plant species composition and height of vegetation between the track and 

adjacent natural vegetation sampled using 1 m2 quadrats. The study highlights the 

need for limiting disturbance in such environments and for ongoing rehabilitation in 

areas that have been disturbed. It also indicates that when non-native species are used 

in rehabilitation, they may not necessarily be succeeded by natives, particularly if 

soil conditions do not return to a state similar to undisturbed areas. 

6.2 INTRODUCTION 

The process and time-frame of vegetation recovery in disturbed natural systems is an 

important issue for natural area management, particularly in severe environments 

such as alpine zones, where a short growing season and harsh climatic conditions 

may limit plant establishment (Urbanska and Chambers 2002). Past and current land 

use activities in such areas have contributed to the degradation of the environment by 

damaging the natural flora, fauna and soils, often causing changes in the 

microclimatic conditions and species composition. Evaluating the recovery of 

disturbed sites in these severe environments is the focus of a growing body of 
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research (e.g. Densmore et al. 1989; Bakker and Berendse 1999; Forbes and Jefferies 

1999; Stampfli and Zeiter 1999; Zabinski and Cole 1999; McDougall 2001; Prach et 

al. 2001). This research has highlighted that: (1) natural revegetation can take a long 

time (order of decades to centuries); (2) continued degradation can occur even when 

the human activity, that originally caused the damage, ceases; and (3) active 

rehabilitation can speed up the process of revegetation (Roxburgh et al. 1988; 

Densmore et al. 1989; Bakker and Berendse 1999; McDougall 2001; Cole and Monz 

2002). As a result, active rehabilitation programs are often implemented with the 

immediate aim of obtaining plant cover (i.e. revegetation) to insulate the soil and 

limit erosion, with a longer-term goal of restoring former plant assemblages14 (i.e. 

restoration) (Costin and Wimbush 1963; Parr-Smith and Polley 1998; Forbes and 

Jefferies 1999). Native species can be planted, but sometimes non-native species 

were/are used because of ease of availability, low cost and/or faster growth rates 

(Cameron 1962; Keane 1977; McDougall 2001; Gray 2002). Where non-natives 

were used, particularly in protected areas, it was often done with the assumption that 

native species would eventually replace alien species, as site conditions returned to a 

more natural state (McDougall 2001; Gray 2002). 

Some protected natural areas, including national parks in mountain environments, 

were created in response to rapid deterioration of the areas’ natural qualities due to 

inappropriate land use activities in the past. The Kosciuszko Primitive Area (now 

part of Kosciuszko National Park), for example, was created in response to extensive 

damage to alpine vegetation and soils by cattle and sheep grazing and associated 

practices. The damage to the soils and vegetation was so great that soil erosion was 

threatening to silt up dams in a large-scale hydroelectric scheme being built at the 

time (Clark 1992; Worboys et al. 1995). 

With a global increase in nature-based tourism and recreation activities, many 

protected areas, including mountain parks, are facing new threats (Leung and Marion 

1996; Newsome et al. 2002; Buckley et al. 2003). As the pressures on some popular 

alpine areas continue to increase, a management focus on impact prevention/ 

reduction and damage restoration is important to maintain or restore the natural 

functions and characteristics of affected areas. 

14 As pre-impact data is often not available and natural ecosystems are dynamic, the term restoration is 
also used to describe the establishment of vegetation similar to adjacent undisturbed areas.  
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In the alpine zone around Mt Kosciuszko in the Australian Alps, tourism in the form 

of day-walks, hiking and camping are major land use activities (Worboys and 

Pickering 2002a). Tourism has a range of negative environmental impacts such as 

compaction of soil, erosion and trampling of vegetation (Worboys and Pickering 

2002a; Pickering et al. 2003b). Such visitor impacts, nevertheless, are generally 

localised and occur mainly along formal and informal walking tracks and at popular 

sites accessible from those tracks (e.g. snowbank, creek, viewpoint or suitable picnic 

spot). 

Some of the problems of visitor impacts and track degradation arise because most 

tracks in protected natural areas, including those in the Kosciuszko alpine area, were 

originally established for non-recreational purposes (Leung and Marion 1996; 

Worboys and Pickering 2002a). Thus their route and design may not be optimal in 

terms of resource protection and visitor experience.  

Damage to vegetation and soils by tourism activities such as walking can be 

minimized by targeted management action and strategic infrastructure (Worboys et 

al. 2001). However, at established walking tracks where unacceptable damage to 

vegetation and soils has already occurred, commonly considered management 

options are: (1) the total closure of tracks to allow for recovery; (2) the diversion of 

users into less sensitive areas; (3) the establishment of raised walkways to reduce 

direct physical impacts; or (4) a combination of these (Worboys et al. 2001). All 

result in an unused track which often has bare areas, damaged vegetation and soil 

compaction. 

Active management of the unused track may be required, particularly in severe 

environments such as alpine zones (Perrow and Davy 2002a). This may involve the 

stabilisation of the soils through the reestablishment of a vegetation cover and active 

replanting/seeding to facilitate its return to natural conditions, or at least a stable 

state. 

While much revegetation and restoration work has been done in the Kosciuszko 

alpine area and other alpine areas in Australia, particularly in response to damage 

from grazing and tourism, few studies have examined the longer-term success of 

such efforts (e.g. McDougall 2001). This chapter examines the restoration of a four 

kilometre long walking track, which was the primary access route from the local ski 
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village of Thredbo to Mt Kosciuszko (Figure 6.1) until the 1980s. The objective of 

this study was to determine the state of vegetation and soils at undisturbed and 

‘restored’ sites, in order to establish if the damaged areas had returned to a state 

comparable to adjacent natural vegetation in the fifteen year period. Specifically, the 

questions addressed were: (1) whether the vegetation on the former track was 

different from adjacent natural vegetation; (2) whether the soils on the former track 

were different from the soils in adjacent natural vegetation; and (3) whether any 

trends in the measured environmental, plant or soil characteristics could explain the 

differences in recovery between sites, thus contributing to answer the question why 

some sites recover quicker than others. Specifically, plant species composition, cover 

and vegetation height were compared between the track and adjacent natural 

vegetation at 22 sites along the closed track. Soil conditions including nutrient status 

and compaction were also measured at a subset of 10 of these sites. 

6.3 METHODS 

6.3.1 Track description 

The closed walking track assessed in this study is located in the alpine zone of 

Kosciuszko National Park, New South Wales, Australia. The closed track used to 

connect the top of a chairlift from the Thredbo ski village to Rawson Pass, below Mt 

Kosciuszko (Figure 6.1). The portion of the track studied is about four kilometres 

northwest of the Thredbo ski village and ranges in altitude from about 2030 to 2130 

m (Table 6.1). Aspects were diverse while slopes ranged from flat to 13˚ (Table 6.1). 

The average annual precipitation15 is 1606 mm (min. = 788 mm during drought 

conditions in 1967; max. 2552 in 1974), most of which falls as snow in winter and 

early spring. The soils are predominantly acidic organo-mineral soils classed as 

alpine humus (Taylor 1958; Good 1992a). The vegetation of the area is characterised 

by low-growing shrub, herb and grass species, forming a variety of structurally and 

floristically distinct vegetation communities. The closed walking track was largely in 

tall alpine herbfield vegetation of the Celmisia - Poa alliance (sensu Costin et al. 

2000), which is the most widespread alpine community. Since the cessation of 

15 Available records since 1967 from Thredbo Crackenback Station at the southern track head. 
Records were supplied by the Bureau of Meteorology (2003). 
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livestock grazing (cattle and sheep) in 1944, the area has experienced little grazing or 

trampling by large herbivores (cf. Chapter 2).  

The closed walking track had developed from an informal foot trail over a period of 

about 20 years. In the 1980s, the track was replaced by a raised steel-mesh walkway 

(started in 1982, completed in 1989) to alleviate severe erosion problems and prevent 

further damage to the vegetation. Once closed, the track was seeded and mulched to 

facilitate the return of the track to the natural vegetation cover (Worboys et al. 1995; 

D. Woods, pers. comm. 2001). Mulching involved the spread of hay and straw which 

was sprayed with liquid tar to hold it in place. 

A seed mixture was used during revegetation works in the Kosciuszko alpine zone 

consisting of cultivars of *Agrostis capillaris, *Festuca rubra and *Lolium perenne 

(R. Good, pers. comm. 2003; * denotes alien species). This mixture of alien species 

was used to achieve a rapid vegetation cover that would stabilise the soil, and was 

anticipated to be replaced by native species in subsequent years (Mallen-Cooper 

1990; Good 1992a). Unlike in many other treated areas, no fertiliser was applied to 

the closed track and no further restoration work has been carried out since track 

closure (D. Woods, pers. comm. 2001; G. Johnston, pers. comm. 2003).  

The general area is densely vegetated and appears to be in natural condition. A recent 

survey of the area’s vegetation recorded nine alien plant species (*Acetosella 

vulgaris, *Achillea millefolium, *Agrostis capillaris, *Cerastium vulgare, *Festuca 

rubra, *Hypochaeris radicata, *Poa pratensis, *Taraxacum officinale and 

*Trifolium repens) (Green 2002). Most of these, however, were concentrated at 

disturbed sites such as around the top of a chairlift from the Thredbo ski village to 

the start of the walking track, with few alien species found in the natural vegetation 

(Pickering et al. 2002). 
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Figure 6.1 Location of the examined closed walking track within the Kosciuszko alpine zone 

in south eastern Australia. The closed track was replaced by a raised steel-mesh walkway 

that followed a similar route and overlapped the closed track in parts. 
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Table 6.1 Geographic location and topographic characteristics of the 22 paired sampling sites 

along a closed walking track in the Kosciuszko alpine zone. 

Site # Longitude (˚) Latitude (˚) Altitude (m) Aspect (˚) Slope (˚) 
1 148.270 -36.461 2126 260 10 

2 148.270 -36.462 2120 260 12 

3 148.270 -36.463 2121 260 10 

4 148.270 -36.464 2120 120 2 

5 148.270 -36.465 2109 120 9 

6 148.270 -36.466 2098 80 13 

7 148.270 -36.467 2092 60 6 

8 148.271 -36.468 2084 240 2 

9 148.271 -36.469 2080 60 5 

10 148.272 -36.470 2078 60 11 

11 148.272 -36.471 2075 80 7 

12 148.273 -36.472 2071 140 1 

13 148.273 -36.472 2071 40 10 

14 148.273 -36.473 2072 50 9 

15 148.274 -36.474 2077 320 2 

16 148.274 -36.475 2070 160 5 

17 148.275 -36.477 2046 140 1 

18 148.276 -36.478 2039 0 0 

19 148.277 -36.478 2039 350 7 

20 148.277 -36.479 2047 340 9 

21 148.277 -36.480 2060 320 5 

22 148.269 -36.458 2126 230 10 

6.3.2 Sampling methods 

Site selection 

Continued use of officially closed tracks or campsites in popular areas is a common 

management issue in protected areas (e.g. Cole 1985; Stohlgren and Parsons 1986), 

making it difficult to quantify regeneration. Unlike other closed tracks in the 

Kosciuszko alpine zone, the studied track experienced little, if any, use since closure. 

This is largely due to its replacement by a prominent raised steel-mesh walkway, 

which provides a comfortable walking surface. 
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As the new raised steel-mesh walkway follows a similar route to the closed track, 

there are areas where the raised steel-mesh walkway overlaps and crosses the closed 

track. Areas of overlap were not sampled as the raised steel-mesh walkway 

potentially affected the recovery of the underlying vegetation (K. Green, pers. comm. 

2001; G. Worboys, pers. comm. 2003). This limitation resulted in the closed walking 

track being broken into multiple ‘sampling sections’ that were intersected by overlap 

sections. The first site in each sampling section was randomly located at a minimum 

distance of five metres along the closed track from the nearest overlap section. 

Subsequent sites were spaced at least 50 m apart to ensure independence between the 

samples and adequate representation of the entire track. 

Vegetation sampling 

In February 2001, vegetation cover, height, composition and species abundance was 

measured at 22 tall alpine herbfield sites along the track using 1 × 1 m quadrats. At 

each site, two quadrats were placed four metres apart, one on the closed track and the 

other in the natural vegetation adjacent to the track, on the side furthest away from 

the raised steel-mesh walkway. The quadrats were divided into a grid of 25, 20 × 20 

cm sub-quadrats which were used to estimate percent cover of bare ground, rock and 

litter, and percent overlapping cover of species. Species were rated in terms of + 

(present but < ¼ of sub-quadrat cover); 1 (1% of total cover or ¼ of sub-quadrat 

cover), 2, 3, or 4% of total cover. The abundance of each species was estimated using 

shoot frequency (number of sub-quadrats containing a portion of the aerial part of the 

plant) (Morrison et al. 1995). Measuring shoot frequency overcomes the difficulties 

of distinguishing between individual organisms of clonal or multi-stemmed 

organisms, can be assessed non-destructively and is a fast, efficient and reproducible 

method of estimating abundance (Morrison et al. 1995). For each species, the 

number of sub-quadrats per quadrat containing a portion of the aerial part of the plant 

was counted. The results were expressed as percentage (# of sub-quadrats with 

species/total # of sub-quadrats × 100). Vegetation height was measured at six 

randomly chosen points in each quadrat. 

Diversity indices (Richness, Shannon-Weaver, Simpson’s) were calculated and 

compared between track and natural vegetation. The Shannon-Weaver index is a 

measure of community heterogeneity that takes into account both the richness and 

159




evenness of a community (Zar 1999). The Simpson’s index is a measure of 

community evenness. It gives very little weight to rare species and is thus an index of 

the relative evenness of numbers of the common species in the collection (Zar 1999).  

Species nomenclature follows the Kosciuszko Alpine Flora (Costin et al. 2000). The 

genera Isolepis  (I. aucklandica, I. crassiuscula and I. subtillissima), Prasophyllum 

(P. tadgellianum and P. alpestre) and Celmisia (C. costiniana and C. pugioniformis) 

were scored as species aggregates, as there was uncertainty about specific 

identification. 

Soil sampling 

To determine the nutrient status and compaction of natural and track sites, soil 

samples were collected from the surface horizons (top 10 cm) at a randomly selected 

subset of ten sites (due to the high cost of soil analysis, sub-sampling was used). 

Most of the root uptake of nutrients in herbfield and grassland vegetation occurs in 

the top 10 cm (Allen et al. 1974). Each sample was made up of six bulked 

subsamples collected within a metre of the northern and southern edge of the 

quadrats (in line with the direction of the track). Electrical conductivity and pH were 

determined in a 1:5 distilled water dilution (Rayment and Higginson 1992). Soil pH 

and conductivity provide an indication of the availability of plant nutrients, as most 

plant-essential elements are linked to the pH of the soil (Binkley and Vitousek 1989; 

Cresser et al. 1993). Organic carbon levels were determined using the Walkley and 

Black method (Rayment and Higginson 1992). Extractable P was determined using a 

modification of Olsen et al. (1954) procedure, extractable N using method 7C1c, and 

exchangeable Cations (K, Ca, Mg, Mn, As and Zn) using an ammonium acetate 

extraction (Rayment and Higginson 1992). These nutrients play essential roles in 

plant growth, maintenance and function as constituents of proteins, nucleic acids, 

chlorophyll, hormones, in enzyme reactions and during energy transfer (Wild and 

Jones 1988). Insufficient availability of these nutrients can hinder plant growth and 

function, such as through retardation which is a common effect of P deficiency (Wild 

and Jones 1988). 

Bulk density samples of the surface horizon were collected from 15 sites using a 

steel cylinder (Height: 53 mm; Diameter: 48 mm). The samples were weighed, dried 
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at 105º C for 24 hours and reweighed to determine the water content and bulk density 

of the soils. 

6.3.3 Statistical analysis and ordinations 

The non-parametric Wilcoxon signed-rank test was used to compare the mean of 

cover values for the paired track and natural quadrats where the data were not 

normally distributed. This test is the non-parametric alternative to the parametric 

paired t-test which assumes normality of the data and the population difference 

scores. Where the parametric assumptions were met, paired t-tests were applied. 

Vegetation height, overlapping cover, species richness, shoot frequency, 

heterogeneity (Shannon-Weaver Index) and evenness (Simpson’s Index) as well as 

soil bulk density, nutrient content and soil water content were compared between 

track and natural quadrats. Where multiple comparisons were made on the same 

dataset, a Bonferroni correction was applied to reduce the risk of a type I error 

(Quinn and Keough 2002). All calculations were performed in SPSS for Windows 

10.0 (SPSS Inc. 1999). 

The Bray-Curtis index of similarity was used to quantify the similarity of species 

cover and composition among quadrats. The Bray-Curtis index was chosen as it does 

not attribute similarity to joint absences of species and is generally preferred over 

other metric measures for ecological studies (Minchin 1987; Clarke 1993; Hero et al. 

1998; Anderson 2001). Ordinations were done using Semi-Strong Hybrid 

Multidimensional Scaling (SSH MDS) in the pattern analysis software package 

PATN (Belbin 1991, 1994). 

6.4 RESULTS 

6.4.1 Vegetation 

The vegetation on the closed track and in adjacent natural vegetation was 

significantly different. The most obvious difference, even to the casual observer, was 

an intact vegetation cover in areas adjacent to the closed track compared to 

considerable bare areas on the track. Only around 64% of the surface of the 1 m2 

quadrats on the closed track were covered by vegetation, with around 26% bare 

ground (Table 6.2). This contrasted with the adjacent natural vegetation, where 
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quadrats averaged 89% vegetation cover and only 1% bare area (Table 6.2). The 

remaining area on both the closed track and in the adjacent quadrats consisted of 

around 8-9% litter with 3-1% exposed granite rocks. 

Table 6.2 Percent cover of litter, bare, rock and vegetation from 22 × 1 m2 paired quadrats 

sampled along a closed track and in adjacent natural vegetation in the Kosciuszko alpine 

zone. Values are means ± standard error. Bonferroni adjusted significance values determined 

by paired t-tests are displayed (n = 22). 

Track Natural t p 
Vegetation (% cover) 63.5 ± 8.3 89.3 ± 3.9 2.8 0.01 

Bare (% cover) 25.6 ± 4.5 1.07 ± 0.6 -5.5 0.00 

Litter (% cover) 8.2 ± 2.5 8.9 ± 2.8 0.3 n.s. 

Rock (% cover) 3.2 ± 1.3 0.71 ± 0.5 -2.1 n.s. 

Species composition 

A total of 60 plant species (including the taxon bryophytes, which includes 

Sphagnum cristatum and unidentified moss species) representing 20 plant families, 

were recorded at the 22 sites. The most diverse families were Asteraceae with 15 

species, followed by Poaceae (13 species), Cyperaceae (7 species) and Juncacae (3 

species; Table 6.3). Three species are endemic to the Kosciuszko alpine area 

(Chionogentias muelleriana ssp. alpestris, Craspedia costiniana and Euphrasia 

collina ssp. glacialis), while three are environmental weeds (*Acetosella vulgaris, 

*Agrostis capillaris and *Festuca rubra - alien species names are preceded by an 

asterisk throughout this chapter). 

There were clear differences in species composition between the track and adjacent 

native vegetation with eleven species exclusively recorded along the closed track and 

a further six taxa predominantly found on the track (Euchiton argentifolius, 

*Agrostis capillaris, *Festuca rubra, Bryophytes, Erigeron nitidus, Euchiton 

nitidilus) (Figure 6.2). Correspondingly there was a suite of species that were 

recorded either only (seven species) or predominately in natural vegetation (Viola 

betonicifolia ssp. betonicifolia, Pentachondra pumila, Poa saxicola, Microseris 

lanceolata, Lycopodium fastigiatum) (Figure 6.2). 
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Table 6.3 Plant species and overlapping cover (OC) recorded in 22 × 1 m2 paired quadrats 

sampled along a closed track and in adjacent natural vegetation in the Kosciuszko alpine 

zone. 

Species Common name Family Track Natural 
(%OC) (%OC) 

Graminoids  
*Agrostis capillaris Brown-top Bent Poaceae 6.95 0.14 
Agrostis venusta Graceful Bent Poaceae 1.17 
Australopyrum velutinum Mountain Wheat-grass Poaceae 0.30 
Carex breviculmis Short-flowered Dryland Sedge Cyperaceae 0.56 
Carex hebes Dryland Sedge Cyperaceae 1.24 1.11 
Carpha alpina Small Flower-rush Cyperaceae 0.06 
Deyeuxia carinata Slender Bent-grass Poaceae 0.02 0.36 
Deyeuxia monticola var. monticola Mountain Bent-grass Poaceae 1.67 
Empodisma minus Spreading Rope-rush Restionaceae 0.18 5.32 
*Festuca rubra Red Fescue Poaceae 23.26 0.03 
Isolepis sp.  Cyperaceae 0.33 
Luzula alpestris Mountain Woodrush Juncaceae 0.61 0.51 
Luzula atrata Slender Woodrush Juncaceae 0.12 0.20 
Luzula novae-cambriae Rock Woodrush Juncaceae 0.77 1.04 
Poa fawcettiae Smooth-blue Snowgrass Poaceae 12.50 33.00 
Poa hiemata Soft Snow-grass Poaceae 3.95 10.18 
Poa saxicola Rock Poa Poaceae 0.12 5.91 
Rytidosperma nivicola Snow Wallaby-grass Poaceae 0.98 
Rytidosperma nudiflorum Alpine Wallaby-grass Poaceae 2.42 8.14 
Schoenus calyptratus Alpine Bog-rush Cyperaceae 0.32 
Trisetum fastigiatum Poaceae 0.03 
Trisetum spicatum ssp. australiense Bristle-grass Poaceae 0.95 1.59 
Uncinia sinclairii Sinclair's Hook-sedge Cyperaceae 0.02 
Uncinia sulcata Furrowed Hook-sedge Cyperaceae 0.35 

Herbs 
*Acetosella vulgaris Sheep Sorrel Polygonaceae 2.21 0.51 
Aciphylla glacialis Mountain Celery Apiaceae 0.08 0.44 
Asperula gunnii Mountain Woodruff Rubiaceae 0.05 0.11 
Brachyscome obovata Baw Baw Daisy Asteraceae 0.05 0.35 
Brachyscome scapigera Tufted Daisy Asteraceae 0.41 0.79 
Brachyscome spathulata Spoon Daisy Asteraceae 0.26 0.03 
Celmisia sp.  Asteraceae 0.73 9.03 
**Chionogentias muelleriana ssp. Mueller's Snow-gentian Gentianaceae 0.05 0.23 
alpestris 
Craspedia aurantia Orange Billy-button Asteraceae 0.68 1.59 
**Craspedia costiniana Hairy Billy-button Asteraceae 0.36 
Craspedia maxgreyii Woolly Billy-button Asteraceae 0.02 0.61 
Erigeron bellidioides Violet Fleabane Asteraceae 0.09 
Erigeron nitidus Sticky Fleabane Asteraceae 0.20 0.11 
Euchiton argentifolius Silver Cudweed Asteraceae 1.89 0.09 
Euchiton nitidilus Shining Cudweed Asteraceae 0.14 0.23 
Euphrasia collina ssp. diversicolor Variable Eyebright Scrophulariaceae 0.53 1.09 
**Euphrasia collina ssp. glacialis Snow Eyebright Scrophulariaceae 0.06 
Ewartia nubigena Silver Ewartia Asteraceae 1.45 
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Species Common name Family Track Natural 
(%OC) (%OC) 

Leucochrysum albicans ssp. alpinum Alpine Sunray Asteraceae 1.41 0.26 
Melicytus sp. Woody Violet Violaceae 0.15 0.11 
Microseris lanceolata Native Dandelion Asteraceae 0.02 0.62 
Neopaxia australasica White Purslane Portulacaceae 0.02 
Oreomyrrhis eriopoda Australian Caraway Apiaceae 1.54 2.12 
Pimelea alpina Alpine Rice-flower Thymelaeaceae 0.23 0.73 
Prasophyllum sp.  Orchidaceae 0.02 0.08 
Ranunculus gunnianus Gunn's Alpine Buttercup Ranunculaceae 0.06 0.18 
Ranunculus muelleri Felted Buttercup Ranunculaceae 0.11 0.12 
Scleranthus singuliflorus One-flowered Knawel Caryophyllaceae 0.12 0.30 
Senecio pinnatifolius var. Highland Groundsel Asteraceae 0.02 
pleiocephalus 
Viola betonicifolia ssp. betonicifolia Showy Violet Violaceae 0.11 1.20 
Wahlenbergia ceraceae Waxy Bluebell Campanulaceae 0.14 

Shrubs 
Epacris microphylla Coral Heath Epacridaceae 0.30 3.86 
Pentachondra pumila Carpet Heath Epacridaceae 0.02 2.38 
Stackhousia pulvinaris Alpine Stackhousia Stackhousiaceae 0.08 0.20 

Moss & Club moss 
Bryophytes  2.41 0.08 
Lycopodium fastigiatum Mountain Club Moss Lycopodiaceae 0.20 0.44 
* denotes alien species; ** denotes endemic species. 

There were also differences in species richness, with quadrats on the closed track 

averaging two more taxa each than those in the adjacent native vegetation (Table 

6.4). This difference was due to the presence of more alien species on the closed 

track (2 compared to 0.4) as there was no difference in native species richness 

between the closed track and the native vegetation with around ten species per 1 m2. 

The significantly higher shoot frequencies of alien species on the closed track 

compared to adjacent natural vegetation support this (Table 6.6). However, 

differences due to alien species were not large enough to influence estimates of 

heterogeneity (Shannon-Weaver Index) and evenness (Simpson’s Index) as these did 

not significantly differ between the track and adjacent natural vegetation, when alien 

species were included and excluded from the analysis (Table 6.4). 
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Closed track Natural vegetation 
Euchiton argentifolius 
*Agrostis capillaris 
Poa fawcettiae 
*Festuca rubra 
Celmisia sp. 
Rytidosperma nudiflorum 
*Acetosella vulgaris 
Oreomyrrhis eriopoda 
Bryophytes 
Craspedia aurantia 
Trisetum spicatum ssp. australiense 
Euphrasia collina ssp. diversicolor 
Poa hiemata 
Luzula novae-camb riae 
Luzula alpestris 
Pimelia alpina 
Carex hebes 
Brachyscome scapigera 
Agrostis venusta 
Ewartia nubigena 
Erigeron nitidus 
Scleranthus singuliflorus 
Empodisma minus 
Epacris microphylla 
Brachyscome spathulata 
Melicytus sp. 
Euchiton nitidilus 
Viola betonicifolia ssp. betonicifolia 
Poa saxicola 
Chionogentias muelleriana ssp. 
Ranunculus muelleri 
Brachyscome obovata 
Leucochrysum albicans ssp. alpinum 
Asperula gunnii 
Euphrasia collina ssp. glacialis 
Isolepis sp. 
Rytidosperma nivicola 
Pentachondra pumila 
Microseris lanceolata 
Lycopodium fastigiatum 
Craspedia maxgreyii 
Prasophyllum sp. 
Stackhousia pulvinaris 
Aciphylla glacialis 
Deyeuxia carinata 
Luzula atrata 
Ranunculus gunnianus 
Carpha alpina 
Neopaxia australasica 
Schoenus calyptratus 
Senecio pinnatifolius var. pleiocephalus 
Trisetum fastigiatum 
Wahlenbergia ceraceae 
Deyeuxia monticola var. monticola 
Carex breviculmis 
Erigeron bellidioides 
Australopyrum velutinum 
Craspedia costiniana 
Uncinia sulcata 
Uncinia sinclairii 

17 0 17 

Number of sites at which species were present 

Figure 6.2 Number of sites (out of 22) where plant species were recorded on the closed track 

(empty bars) and in natural vegetation (filled bars). Data from 22 × 1 m2 paired quadrats 

sampled along a closed track and in adjacent natural vegetation in the Kosciuszko alpine 

zone. * denotes alien species. 
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Table 6.4 Diversity indices from 1 m2 paired quadrats sampled along a closed track and in 

adjacent natural vegetation in the Kosciuszko alpine zone. Values are means ± standard error 

(n = 22). Significance was determined by paired t-test for richness values, and by Wilcoxon 

signed ranks test for heterogeneity and evenness. 

Track Natural t p 
Richness 
Native species (# species/quadrat) 9.5 ± 0.6 9.6 ± 0.9 -0.1 n.s 
Alien species   (# species/quadrat) 2.0 ± 0.2 0.4 ± 0.1 8.8 0.000 
All species (# species/quadrat) 11.6 ± 0.7 10.0 ± 0.9 2.2 0.036 
Heterogeneity z 
Native species (Shannon-Weaver Index) 1.8 ± 0.1 1.9 ± 0.1 -0.4 n.s. 
All species   (Shannon-Weaver Index) 2.0 ± 0.1 1.9 ± 0.1 -1.7 n.s. 
Evenness 
Native species (Simpson’s Index) 0.8 ± 0.0 0.8 ± 0.0 -0.1 n.s. 
All species  (Simpson’s Index) 0.8 ± 0.0 0.8 ± 0.0 -1.5 n.s. 

The two most diverse life form groups were graminoids (24 species) and herbs (31 

species) while only three shrub species were recorded (Table 6.3). When examined at 

the life form level, richness, heterogeneity and evenness of the life form graminoids 

were significantly higher on the closed track than in natural vegetation, but again this 

was due to the presence of weed grasses on the track. There was no difference in 

these measures for herbs (Table 6.5). 

Table 6.5 Diversity of the life forms herbs and graminoids on 22 × 1 m2 paired quadrats 

sampled along a closed track and in adjacent natural vegetation in the Kosciuszko alpine 

zone. Values are means ± standard error (n = 22). Significance was determined by paired t-

tests. 

Track Natural t p 
Herbs 
Richness (# species/quadrat) 5.1 ± 0.4 4.9 ± 0.5 0.5 n.s. 
Heterogeneity (Shannon-Weaver Index) 1.2 ± 0.1 1.2 ± 0.1 0.4 n.s. 
Evenness (Simpson’s Index) 0.7 ± 0.0 0.7 ± 0.1 0.2 n.s. 
Graminoids 
Richness (# species/quadrat) 5.1 ± 0.2 3.7 ± 0.5 3.2 0.004 
Heterogeneity (Shannon-Weaver Index) 1.3 ± 0.0 1.0 ± 0.1 2.9 0.009 
Evenness (Simpson’s Index) 0.7 ± 0.0 0.6 ± 0.0 2.8 0.011 
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Cover and shooting frequency 

In addition to differences in species composition there were clear differences in the 

cover of individual species between the closed track and adjacent vegetation (Table 

6.3). These differences resulted in a clear separation of the track and adjacent natural 

vegetation in the ordination (Figure 6.3). The key species driving the difference were 

Euchiton argentifolius, Poa spp., Celmisia sp. and the alien species *Festuca rubra 

and *Agrostis capillaris (Figure 6.3). The track was dominated by the cover of alien 

grasses, with 23% of quadrats covered by *Festuca rubra. In contrast, the cover of 

the native snow grasses dominated the natural vegetation, with Poa fawcettiae 

covering 33% of quadrats and P. hiemata accounting for another 10%. Other species 

that had higher cover on the track were *Acetosella vulgaris, *Agrostis capillaris and 

Euchiton argentifolius. The data for percentage shoot frequency showed a similar 

pattern, with over half of the sub-quadrats containing *Festuca rubra on the closed 

track, while over 75% of the sub-quadrats in the adjacent natural vegetation had one 

or several Poa species. Shoot frequency of bryophytes was significantly higher for 

track quadrats (Table 6.6). 

Herbs was the most diverse life form in terms of overall species richness (Table 6.3), 

but graminoids dominated in terms of percentage overlapping cover. On the closed 

track, 56.0 ± 4.4% of overlapping cover in vegetation quadrats was by graminoids, 

10.9 ± 1.4% by herbs and 2.2 ± 0.9% by shrubs. This compares to 70.4 ± 6.2% 

graminoids, 20.5 ± 3.5% herbs and 7.3 ± 3.4% shrubs in adjacent natural vegetation. 

Overlapping cover of herbs was significantly higher in the natural vegetation 

quadrats compared to track quadrats (p = 0.001; z = -3.28; n = 22), while the 

comparison was not significant for graminoids (z = -1.83) or shrubs (z = -1.48). 

There was no significant difference in percent cover of litter or rock between the 

track and the natural vegetation. The extent of bare soil, however, was significantly 

higher on the track than in the natural vegetation (Table 6.2). Thus the total ground 

cover by vegetation, litter and rock which had the capacity to protect soils was 99% 

in the adjacent natural vegetation compared with just 75% on the closed track. 
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Figure 6.3 Two-dimensional view of the three-dimensional MDS-ordination of percent 

overlapping cover data from 22 × 1 m2 paired quadrats along a closed track and in adjacent 

natural vegetation in the Kosciuszko alpine zone (Stress = 0.171). Filled triangles represent 

quadrats on the closed track and hollow squares represent quadrats in adjacent natural 

vegetation. Vectors represent the dominant species. 
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Table 6.6 Overlapping cover and shoot frequency of the dominant plant species sampled in 

22 × 1 m2 paired quadrats along a closed track and in adjacent natural vegetation in the 

Kosciuszko alpine zone. Significance values are Bonferroni adjusted results of Wilcoxon 

square ranks tests (n = 22). 

% Overlapping cover % Shoot frequency 
Species Track Natural z p Track Natural z p 

Poa fawcettiae 12.5 ± 4.3 33.0 ± 7.9 -1.8 n.s. 26.0 ± 6.4 51.6 ± 10.1 -1.9 n.s. 
Poa hiemata 4.0 ± 2.2 10.2 ± 3.9 -1.3 n.s. 8.0 ± 3.7 24.7 ± 8.5 -1.7 n.s. 
Celmisia sp. 0.7 ± 0.2 9.0 ± 3.3 -2.6 n.s.  6.9 ± 1.7 29.9 ± 7.7 -2.4 n.s. 
Rytidosperma nudiflorum 2.4 ± 0.8 8.1 ± 4.3 -1 n.s. 13.3 ± 3.0 20.6 ± 6.5 -0.8 n.s. 
Empodisma minus 0.2 ± 0.1 5.3 ± 2.5 -2.2 n.s. 1.8 ± 1.1 21.1 ± 7.9 -2.2 n.s. 
Oreomyrrhis eriopoda 1.5 ± 0.5 2.1 ± 0.8 -0.5 n.s. 17.1 ± 5.3 21.6 ± 6.9 -0.5 n.s. 
*Acetosella vulgaris 2.2 ± 0.7 0.5 ± 0.3 -3 0.03 24.7 ± 7.4 6.2 ± 3.7 -3 0.03 
*Agrostis capillaris 7.0 ± 1.7 0.14 ± 0.1 -3.4 0.01 43.8 ± 8.2 1.6 ± 1.6 -3.4 0.01 
Bryophytes 2.4 ± 1.1 0.1 ± 0.05 -2.8 n.s. 16.7 ± 0.4 0.6 ± 0.4 -2.9 0.03 
Euchiton argentifolius 1.9 ± 0.5 0.09 ± 0.05 -3.3 0.01 22.0 ± 6.0 1.1 ± 0.7 -3.3 0.01 
*Festuca rubra 23.3 ± 5.2 0.03 ± 0.0 -3.4 0.01 52.0 ± 8.8 0.4 ± 0.4 -3.4 0.01 

Figure 6.4 Height of vegetation in 22 × 1 m2 paired quadrats sampled along a closed track 

and in adjacent natural vegetation in the Kosciuszko alpine zone. Values are means ± 

standard errors. Significance values are results of a paired-samples t-test (n = 22). 

169




Vegetation height 

At 61 mm, the average vegetation height was significantly lower in quadrats on the 

closed track compared to adjacent natural vegetation (109 mm) (Figure 6.4). 

6.4.2 Soils 

There was visible evidence of past erosion on the closed track. The occurrence of 

vegetation plateaux, where exposed soil had eroded but vegetated soil remained 

stable, indicated that parts of the A horizon had been lost (cf. Plate 6.1). Thus, there 

was less humic matter present on the track compared to natural areas. There was a 

clear separation of track and natural quadrats along the gradients of soil nutrient 

levels and acidity (Figure 6.5). Electrical conductivity was significantly lower and 

pH was significantly higher on the former track compared to the natural areas (Figure 

6.6a, b). Soils from the track quadrats had significantly lower levels of organic C and 

the elements N, P, K, Ca than adjacent quadrats (Figure 6.6c-f, i). Sodium levels at 

both natural and track quadrats were similar and there was not enough power to 

demonstrate a significant difference in the levels of extractable Mg and Mn (Figure 

6.6g, h, j). The effects of soil compaction from former trampling were still evident, 

with bulk density being significantly higher and moisture content being significantly 

lower on the track compared to natural vegetation (Figure 6.6k, l). 

Plate 6.1 Example of vegetation plateaux that are the result of soil erosion on a closed track 

in the Kosciuszko alpine zone. 
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Figure 6.5 Three dimensional MDS-ordination of presence/absence data for 10 × 1 m2 paired 

quadrats sampled along a closed track and in adjacent natural vegetation in the Kosciuszko 

alpine zone (Stress = 0.169). Hollow squares represent quadrats on the closed track and filled 

triangles represent quadrats in adjacent natural vegetation. Vectors represent significant soil 

variables. 

6.5 DISCUSSION 

Restoration of natural areas affected by recreation activities poses many challenges 

for managers and researchers. Restoration must be done rapidly to prevent exposed 

soils from eroding and to limit reuse of closed sites (Zabinski et al. 2000). However, 

the rapid establishment of plants in alpine environments is a challenge (cf. Chapter 

3), particularly with limited information of suitable growing conditions for native 

plants and limited availability of propagules (Zabinski and Cole 1999). Thus in the 

past, alien species which were commercially available were often used – sometimes 

in combination with fertilisers - for seeding (McDougall 2001). Once a vegetation 

cover was achieved and microclimate and soil conditions improved, native species 

were generally expected to replace the alien sward (McDougall 2001). 
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Figure 6.6 Soil nutrients and physical characteristics for 10 × 1 m2 paired quadrats sampled along a closed track and in adjacent natural vegetation in the 

Kosciuszko alpine area: (a) pH, (b) conductivity, (c) nitrogen, (d) phosphorus, (e) potassium, (f) calcium, (g) manganese, (h) magnesium, (i) organic 

carbon, (j) sodium, (k) bulkdensity and (l) soil water content. Significance values are Bonferroni adjusted paired t-test results. 
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This study shows that about fifteen years after closure, seeding and mulching of a 

walking track in the Kosciuszko alpine zone, around 26% of the track was still bare 

ground and alien species were the dominant component of the vegetation on the track 

with 32% overlapping cover compared to < 1% in adjacent natural vegetation. 

Further, plant species composition, vegetation height and nutrient status of the soils 

on the closed track were still different to those of adjacent natural areas. Therefore, 

the goal of restoration has not yet been achieved. Given the climatic conditions of the 

area, these results were not unexpected. The type and extent of the differences 

between the closed track and natural areas, however, could be the key to the future 

progress of restoration. 

As expected, the species composition at the study sites was characteristic of tall 

alpine herbfield vegetation (sensu Costin et al. 2000). Overall, more than a quarter of 

the 204 native flowering species found in the Kosciuszko alpine area were recorded 

at the 22 sites (Costin 1954; Costin et al. 2000). The dominance of a few species and 

low abundance of many species, as apparent in the dataset, is a common phenomena 

of ecological studies (Krebs 1994) and of the Kosciuszko tall alpine herbfields 

(Chapters 4 and 5; Kirkwood 2001; Pickering et al. 2003a). 

Many studies have documented a lower species richness and plant cover at disturbed 

sites compared to surrounding undisturbed vegetation (Harper and Kershaw 1996). 

Two main factors, however, may contribute to a higher species richness such as that 

observed during this study. These are: (1) increased presence of opportunistic or 

introduced alien species at disturbed sites; and/or (2) the wider range of successional 

states at disturbed sites, with some areas still at the colonising stage and other 

sections at a more mature stage, thus providing a greater variety of species overall 

(Cole and Hall 1992; Whinam and Chilcott 1999). The presence of alien plants was 

the driving factor behind the greater species richness on the closed track compared to 

adjacent natural vegetation. Thus, the species diversity of native species alone, as 

measured in richness, heterogeneity and evenness, was not significantly different. 

Nevertheless, considerable differences in species composition remained, as shown by 

the high proportion of species (18 out of a total of 60 species) that were recorded 

either only in track quadrats or only in natural vegetation quadrats. There was a trend 

towards species from earlier successional stages in the track quadrats and more 
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mature stages in the natural vegetation. At least five of the 11 species only found in 

track quadrats (Euphrasia collina ssp. glacialis, Ewartia nubigena, Neopaxia 

australasica, Senecio pinnatifolius var. pleiocephalus and Trisetum fastigiatum) have 

been described in the literature as colonisers (Keane 1977; Wimbush and Costin 

1979c). The comparatively high richness of colonising species is consistent with 

cover results, which indicated that there are still significantly more bare areas in 

track quadrats compared to natural vegetation quadrats, providing opportunities for 

colonisers. These colonising species are able to revegetate bare areas but tend to get 

out-competed once other species establish (cf. Chapters 4 & 5) (Keane 1977; Mallen-

Cooper 1990). Thus they could potentially fulfil an important role in future 

restoration programs. 

The comparatively high abundance of bryophytes on closed track quadrats is 

consistent with findings indicating that these species benefit from the destruction of 

vascular plants and are among the first species to establish on bare areas (Harper and 

Kershaw 1996; Whinam and Chilcott 1999). 

Alien species were expected to be more prevalent on the closed track than in the 

adjacent natural vegetation, as disturbance is the key to the establishment of many 

alien species and the seed mix commonly used in revegetation work consisted of 

alien species (Mallen-Cooper 1990; Hobbs 1991). Only three alien species were 

found at the study sites and all were significantly more abundant in closed track 

quadrats compared to adjacent natural vegetation. Two of these species, the 

introduced grasses *Agrostis capillaris and *Festuca rubra, were included in the 

seed mix sown to achieve a quick vegetation cover and prevent further erosion. 

These species have persisted on the closed track and now form the bulk (43.9% 

relative overlapping cover) of vegetation cover on the track, even spreading to 

natural areas in some cases. *Acetosella vulgaris, the third recorded alien species, is 

a widespread and naturalised herb introduced during the grazing era (Costin et al. 

2000). It thrives as a coloniser in disturbed areas but generally does not persist when 

native vegetation recovers (cf. Chapters 4 & 5, (Mallen-Cooper 1990). Despite their 

prevalence on the track, none of the alien species were frequent components of 

adjoining native vegetation, which is a positive sign amongst many negative 
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examples of rapidly spreading weeds. Also, *Lolium perenne, which was part of the 

seed mix applied in the 1980s, did not persist and was not recorded during this study. 

Despite having achieved considerable vegetation cover through these alien species, 

there were still extensive areas of bare ground on the closed track. This, combined 

with the persistence and dominance of alien species even though no fertilisers were 

applied, indicates that alien species should not be used in restoration programs or at 

least their use should be limited to cases where no other suitable alternatives exist. 

Partially, this has already occurred in practice with all but one species, *Festuca 

rubra, removed from the former ‘alpine mix’ used for revegetation in the Australian 

Alps (W. Papst, pers. comm. 2003). With increasing calls for the consideration of 

ecological and management costs associated with the introduction of alien species in 

revegetation programs and walking track construction, there is a growing need for 

information on suitable native rehabilitation species (McDougall 2001; Pickering et 

al. 2003a). 

Native species that are potentially suitable for seeding in restoration work include the 

grass Poa hiemata (and other locally dominant Poa spp.) and the herbs Oreomyrrhis 

eriopoda, Acaena novae-zealandiae, Craspedia spp. and Viola betonicifolia (Parr-

Smith and Polley 1998). All but A. novae-zealandiae were recorded on a 

considerable proportion of both track and natural quadrats during this study. Other 

suitable species may include colonisers such as Ewartia spp. discussed earlier in this 

and in previous chapters. 

In terms of restoration success, perhaps the result of greatest significance in this 

study involved soils. Alpine soils generally have low levels of nutrients (Costin 

1954; Bryant 1971b; Mallen-Cooper 1990; Johnston 1998). Surface soils of the 

Kosciuszko alpine zone have a low nutrient status with deficiencies in nitrogen, 

phosphorus and possibly marginal deficiencies in potassium, magnesium, calcium 

and some micro-nutrients (Costin 1954; Bryant 1972). The native plant species are 

adapted to these low nutrient conditions (Mallen-Cooper 1990). 

The removal of vegetation cover on tracks through trampling and subsequent erosion 

may have depleted nutrients further by facilitating the reduction or even removal of 

the organic surface horizon. This is reflected in percent organic carbon levels being 

almost four times lower on the closed track quadrats compared to adjacent areas. 
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Nutrient levels measured in this study support findings by Johnston (1998) who 

found soils with low nutrient levels at undisturbed sites and decreasing levels of 

micronutrients with increasing levels of disturbance.  

Nutrient levels may be important in determining the organisation of native and alien 

plant assemblages (Mallen-Cooper 1990). Nitrogen, phosphorus, potassium, calcium 

and magnesium have been shown to influence plant growth in other high altitude 

environments (Bryant 1972; Mallen-Cooper 1990). Therefore, the reduced levels of 

nutrients in the already nutrient poor alpine soils, as found in the closed track 

quadrats, are likely to hinder the establishment and growth of native and alien 

vegetation, delaying the process of restoration and promoting exposed ground. The 

comparatively low nutrient status of soils in track quadrats is also likely to have 

contributed to the reduction in vegetation height found in this study. Bare soil is 

prone to further erosion and excessive soil losses may prevent, delay, or permanently 

change the composition of future vegetation cover (Keane et al. 1979; Grabherr 

1985). 

Seedling germination, growth and survival along the closed track is likely to be 

limited due to the combination of bare areas, exposed rocks, reduced nutrients, 

decreased soil water content and higher soil bulk density, as measured in the track 

quadrats. Thus, without further intervention, recovery of the closed walking track 

through natural revegetation would be expected to occur primarily by gradual 

encroachment from the edges (cf. Chapters 3-5). 

Walking tracks create narrow long scars in the landscape and thus generally have a 

high ratio of edge length to disturbance area. As much of the recovery occurs by 

colonisation from the edges, the lower the edge to disturbance area ratio and the 

larger the diameter of a bare patch, the longer recovery can be expected to take (cf. 

Chapter 5). For example, bare strips of alpine tundra wider than one metre in the 

Canadian Eastern Arctic remained unvegetated, except for occasional clumps of 

mosses and small tufts of invading grasses, even after decades without disturbance 

(Forbes 1992). The shape and size of disturbance will also strongly influence the 

stabilisation of soil and the effects of erosion. With increasing patch size and 

decreasing edge to area ratio of bare areas, their exposure and the availability of ‘safe 
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sites’ decreases (Urbanska and Chambers 2002). Thus damage prevention and 

minimisation is of great importance. 

Despite the differences between adjacent natural vegetation and the closed track, the 

progress of restoration and the current state of the track, 15 years after closure, 

provides some grounds for optimism. Results from Chapters 4 and 5 have indicated 

that the recovery of a nearly complete vegetation cover following disturbance by 

livestock grazing may take in the order of 50 years. Examples from the literature 

estimating the time for recovery from recreation impacts in areas with similar 

vegetation, range from 20 to 50 years at low altitude sites (Cole 1987) to several 

hundred years in arctic tundra (Willard and Marr 1971, Harper, 1996 #675) or may 

not happen at all (Grabherr 1985). Thus, the current cover by vegetation, rock and 

litter of 75% and a high surface area to edge ratio of the remaining bare patches (i.e. 

small or narrow patches; pers. obs. by author) indicate that a comparatively quick 

recovery time may still be possible. Further, the progress of recovery may not be 

linear. For example, McDougall (2001) reports a rapid acceleration in vegetation 

cover and species richness over a period of six years, after 30 years of relatively little 

increase, on a stabilised road verge on the Bogong High Plains, Victoria. This change 

is likely to stem from the increasing supply of native plant propagules within the 

verge (McDougall 2001 766). 

Currently the main concerns with the studied track in terms of vegetation are the high 

proportion of alien species and the remaining high percentage of bare areas. Also, 

given the large variation in cover among the track quadrats, some areas with very 

low vegetation cover may require much longer to recover or may change to a 

different type of vegetation (e.g. feldmark community; Johnston 2003). Thus to 

achieve restoration, the priorities are: (1) the reestablishment of plants on the 

remaining bare areas; and (2) the replacement of alien species with natives. To 

achieve this, the state of the soil on bare areas needs to be improved as it may 

influence the establishment and composition of vegetation.  

This study has also shown that the removal of walking pressures from an alpine area 

may not in itself be sufficient to achieve full restoration even in the longer term. 

Continuing active restoration efforts may be needed after initial treatment of 

damaged areas to ensure full recovery. The underlying factors are: (1) the condition 
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of soils, which provide the basis for a good vegetation cover; and (2) a dense 

vegetation cover which helps prevent soil erosion and nutrient depletion. The results 

of this study highlight the importance of impact prevention and/or minimisation 

through proactive management and strategic planning to deal with visitor activities. 

Once damage to vegetation and soils has occurred, the recovery period is extensive 

even for narrow and actively revegetated areas and may never occur at all if soils 

have been depleted. Shorter restoration times may be achieved by focussing on soil 

protection, with continued maintenance of restoration areas after the initial efforts 

and by using native rather than alien species. 

The results from this study show the state of the track 15 years after closure and 

highlight the recovery time required for restoration of alpine systems following 

prolonged tourism use. Such information can benefit future restoration efforts in 

similar areas. 
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7	 CHANGE AT THE LANDSCAPE LEVEL: 

THE POTENTIAL USE OF AERIAL 

PHOTOGRAPHS TO ASSESS 

VEGETATION CHANGE IN THE 

KOSCIUSZKO ALPINE ZONE 

7.1 SUMMARY 

This thesis has examined vegetation change at the scale of individual species/genera 

and life forms principally for the largest and most diverse plant community in the 

Kosciuszko alpine area, tall alpine herbfield. It has not examined changes in the area 

occupied by this or other plant communities, with a few minor exceptions. Such 

changes in community distribution can be examined using a range of techniques 

including historical repeat imagery, in particular aerial photography. The potential 

for such data to provide additional information about vegetation dynamics in the 

Kosciuszko alpine area is reviewed in this chapter. 

Numerous aerial photography runs have been flown over the Kosciuszko alpine zone 

since the 1930s for government agencies, industry and the military. Some of these 

records have been used to map vegetation communities and areas of erosion at a 

specific time. A few studies have compared different types and scales of 

photographs, highlighting in particular the benefits and potential of large scale colour 

aerial photography to map alpine vegetation. However, a temporal comparison of 

vegetation in the Kosciuszko alpine zone from aerial photographs has not been 

completed to this date, despite their potential to assess vegetation change over time. 

Historical photographs may not be easy to locate or access. Also, difficulties with 

vegetation classification may restrict the practicality of using historical aerial 

photographs to assess vegetation change. Despite these issues, aerial photography 

can provide a very useful and efficient tool to assess changes over time when applied 

appropriately, even in alpine environments. For example, large scale colour aerial 

photographs of the Kosciuszko alpine zone could be used to examine change over 
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time in patches of clonal genera or boundaries and distribution of alpine plant 

communities. The development of digital classification techniques, the application of 

statistical measures of error to both methodology and data, and the application of 

geographic information systems are likely to further improve the practicality of 

historical aerial photographs for the detection of vegetation change and assist in 

overcoming some of the limitations. 

7.2 INTRODUCTION 

Earlier chapters of this thesis have examined vegetation change in tall alpine 

herbfield in the Kosciuszko alpine zone using repeated sampling (transects and small 

scale (~ 1m2) photoquadrats) as well as one off comparisons of areas affected by 

disturbance with relatively undisturbed vegetation (paired quadrats on and adjacent 

to a closed walking track). This research has provided detailed records of patterns in 

vegetation cover and species/genera composition of the tall alpine herbfield 

community at a scale of below 1 m to 20 km, and makes available objective 

information about natural changes and recovery from disturbance. There is, however, 

also a need for information about the ecology of the Kosciuszko alpine region at the 

landscape scale. Repeat imagery (such as aerial photographs) can provide important 

information about vegetation dynamics and landscape change, including changes in 

the distribution of vegetation communities (Kadmon and Harari-Kremer 1999). Such 

information can assist managers and other decision makers in formulating policy 

regarding present and future activities within protected areas (Taylor et al. 2000). 

This chapter provides a brief review of the application, benefits and limitations of 

aerial photography for the assessment of vegetation change at the 

community/landscape scale, with emphasis on the use of aerial photography for 

assessment of vegetation change in the Kosciuszko alpine zone. It thus expands the 

scale of the study addressed in the previous chapters from change at the 

species/genera level in tall alpine herbfield to change at the community level. 

7.2.1 Application and scope of repeat aerial photography 

Aerial photographs provide the largest source of information available to date for 

research of long-term vegetation change at the landscape scale (Kadmon and Harari-

Kremer 1999). Aerial photographs are commonly used for the production of 
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topographic and vegetation maps (Morland 1959; Wimbush and Costin 1973; Hegg 

et al. 1992; BUWAL 1996). Detailed vegetation maps can provide datum lines 

against which vegetation changes can be assessed in relation to changes in 

management or climatic events (Wimbush and Costin 1973). Vegetation maps can 

also assist protected area managers by providing information about the distribution, 

extent and patterns of vegetation in relation to topographic features, and thus 

improve the planning of fauna and flora protection and recreational activities as well 

as clarify or reveal ecological relationships (Wimbush and Costin 1973).  

Aerial photographs have also been used in time-series studies addressing issues 

including vegetation clearing (Wilson et al. 2002), patterns of forest succession (Hall 

et al. 1991; Turner et al. 1996), wetland change (Jean and Bouchard 1991), temporal 

vegetation community/life form patterns (Mast et al. 1997; Fensham and Fairfax 

2002; McDougall 2003) and urbanisation and habitat fragmentation (Catterall et al. 

1996). They are the only source of information on vegetation dynamics that 

combines high spatial resolution, large spatial extent and long-term coverage 

(Kadmon and Harari-Kremer 1999). 

Aerial photographs come in a range of scales and colour types and their application 

in ecological studies may vary accordingly. In Australia, the use of medium to small 

scale aerial photographs (> 1:35,000) to produce small scale maps (at scales of > 

1:250,000) has been extensive. Aerial photographs have been used to interpret tree 

and shrub densities, height of vegetation strata, landscape context and tones and 

textures of vegetation canopy (Kirkpatrick and Dickinson 1986; Fensham and 

Fairfax 2002). However, in treeless environments such as deserts, rangelands and 

alpine zones, the distinction of individual vegetation classes becomes more difficult 

as the structural dimension is dramatically smaller (grasses, herbs and shrubs). Thus, 

larger scale aerial photographs (e.g. < 1:15,000) are often required. 

Examples of the application of large scale photography to assess vegetation in 

treeless environments in Australia are studies by Carneggie et al. (1971), which 

explored the potential of using large-scale aerial photography to assess range 

condition, and Foran and Cellier (1980), which determined the cover of Mitchell 

Grass tussocks from > 1:800 scale photography in arid rangeland. Large scale 
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(1:250) colour aerial photographs have also been used to obtain plant inventory and 

spatial arrangement information in a grazed arid rangeland ecosystem (Hacker 1978).  

Few studies have utilised aerial photography to assess and map vegetation in alpine 

areas. In the Australian Alps, studies by Wimbush and Costin (1973), Totterdell 

(1973) and Morland (1959) in the Kosciuszko alpine zone and McDougall (1982) in 

the Bogong High Plains in Victoria, used aerial photographs to interpret and map the 

vegetation communities, but did not measure change over time. Totterdell and 

Nebauer (1973) trialled three different scales of aerial photography (1:3,550, 1:8,161 

and 1:12,000) and compared colour, colour infrared and panchromatic films on a 

transect along the Kosciuszko Main Range. Their study demonstrated the capability 

of large scale colour photography in the selection, classification and measurement of 

soil erosion in relation to native plant communities and as well, highlighted the 

usefulness of using both colour infrared and colour photography. Colour infrared was 

superior in the definition of plant community borders and for the resolution of 

vegetation on erosion pavements and feldmark, while colour contrasts between bare 

soil and rock or pavement appeared clearer on normal colour film, allowing more 

detailed subdivision of vegetation classes (Totterdell and Nebauer 1973). Black and 

white photography at scales of 1:12,000 and 1:34,000, on the other hand, provided 

limited recognition of cover classes (Totterdell and Nebauer 1973; Wimbush and 

Costin 1973). Nevertheless, by using colour oblique photographs to assist with the 

interpretation of black and white aerial photographs (1:34,000), Wimbush and Costin 

(Wimbush and Costin 1973) produced a vegetation map for the Kosciuszko alpine 

zone. This map provides a record of plant community distribution with applications 

to management, science and education. As the authors themselves stated, however, 

the map was a gross oversimplification of the complex vegetation patterns in the 

Kosciuszko alpine zone despite showing considerable detail (Wimbush and Costin 

1973). Further, potential errors in terms of cartographic precision and on-ground 

accuracy had not been quantified. Thus, the use of the existing vegetation map to 

assess change over time, by comparing it to a map produced from more recent 

photos, is limited.  

In addition to the above mentioned once-off studies, even fewer studies have used 

historical aerial photography to measure vegetation change over time in the 
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Australian Alps. For example, Bruce et al. (1999) used a geographic information 

system to map vegetation in a small catchment of the Bogong High Plains from 

aerial photographs taken between 1961 and 1994. Also, McDougall (2003) used a 

transferscope to assess a point grid on optically overlaid aerial photographs to 

compare subalpine vegetation between 1936 (black and white; 1:12,000) and 1980 

(colour; 1:15,000) at two sites in the Bogong High Plains. Results from this labour 

intensive method allowed for a statistical comparison of change in the cover of 

vegetation classes over time. However, potential errors due to methodology or image 

quality were not quantified. Findings from that study showed an increase in the 

overall cover of closed heathland, wetland and trees, while open heathland remained 

the same and there was a change from grassland to open heathland and open 

heathland to closed heath (McDougall 2003). 

7.3 AERIAL PHOTOGRAPHY OF THE KOSCIUSZKO ALPINE 

ZONE 

During this study, an extensive search for aerial photographs of the Kosciuszko 

alpine zone was conducted by searching databases, libraries and archives as well as 

by telephone and personal contacts with agency, enterprise, and military staff and 

individuals formerly involved with research or management of the area. The search 

revealed that a plethora of black and white, colour, infrared and false colour aerial 

photographic runs at medium to large scales had been conducted in the past 70 years, 

in addition to the aerial photographs used in the studies mentioned earlier. Aerial 

photography runs had been commissioned by various organisations, including the 

former Soil Conservation Authority (SCA), the NSW NPWS and the former Snowy 

Mountains Hydro-Electric Authority (SMHEA, now known as Snowy Hydro) and 

covered various sections of the Kosciuszko alpine zone, particularly selected areas 

such as along walking tracks (Tables 7.1 – 7.3). These historical photographic 

records could potentially be used to construct a time series to assess change in the 

distribution of vegetation communities over time. 
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Table 7.1 List of organisations and contact points for access to historical records of aerial photography of the Kosciuszko alpine zone in New South Wales, 

Australia. 

Contact (current Dec. 2001) 
Organisation Description & Internet Address 

National Archives Australia (NAA) 	 Store negatives, originals and paper copies of many photography runs from archives@naa.gov.au 
government agencies and private collections. Some relevant NAA series codes: (02) 6212 3600 
AA1969/104, A891&892, A1579, A1580, A2594, A2827-A2830, A5446, A5618, www.naa.gov.au 
A5671, A5672, A2594, A8515, M2235 

Geoscience Australia (GA; formerly Auslig) Sell paper copies and digital imagery from photography runs. 	 Andrew Christie 
info@unitedphoto.com.au 
(03) 9877 3922 
www.ga.gov.au 

Land and Property Information Centre (LPI; Sell paper copies and digital imagery from photography runs. Angela Bateman 
formerly LIC) Angela.Bateman@ditm.nsw.gov.au 

(02) 9228 6444 
www.lpi.nsw.gov.au 

New South Wales National Parks and Hold paper copies and films of various photography runs. Individuals may hold library@npws.nsw.gov.au 
Wildlife Service (NSW NPWS) historical records. (02) 9585 6437 

www.nationalparks.nsw.gov.au 
Snowy Hydro (formerly SMHEA)	 Hold paper copies of aerial photography runs conducted commissioned by the Heather Elliott, Librarian 

SMHEA. HElliott@snowyhydro.com.au 
(02) 6453 2401 
www.snowyhydro.com.au 

Department of Land and Water Conservation	 Hold old records of the former Soil Conservation Authority, including many aerial Cooma District Office 
(DLWC) photographs and maps. 	 (02) 6452 1455 

www.dlwc.nsw.gov.au 
www.dsnr.nsw.gov.au 
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Table 7.2 List of sighted aerial photographs of the Kosciuszko alpine zone, New South Wales, Australia, potentially available for research purposes. 

Date Scale Title Height Type Description Copy held by 
06/03/1953 Upper Thougla to 25,000ft B&W Image quality not good,  many photos overexposed Dane Wimbush 

Kosciusko 
13/02/1964 1:40,000 Kosciuszko 20,000 ft B&W NSW NPWS Library, Jindabyne; LPI 
23/02/1972 1:12,600 Kosciuszko-Anderson Colour Main Range walking track, Kosciuszko summit – Image Roger Good, NSW NPWS 

quality not good, clouds. 
02/031973 Snowy Mountains Main Colour Main Range walking track, Club Lake, Lake Albina and Roger Good, NSW NPWS 

Range Albina hut, Rawson Pass, Thredbo-Rawson Pass walking 
track, Geehi, Pinch River 

25/11/1978 Kosciuszko Block 5486 m Colour NSW NPWS Library, Jindabyne 
25/11/1978 Kosciuszko Block 5486 m B&W NSW NPWS Library, Jindabyne 
12/01/1979 1:81,000 Kosciuszko 8534 m B&W NSW NPWS Library, Jindabyne; LPI 

1979 Colour Grey Mare/Geehi/Grey Hill Roger Good, NSW NPWS 
1979 Infrared Roger Good, NSW NPWS 

No date Summit Colour Individual runs: 1- Mt Twynam to Mt Kosciuszko; 2 NSW NPWS Library, Jindabyne 
Etheridge ridge to Thredbo; 3- Etheridge ridge to Thredbo 
via MR86; 4- Blue Lake to Soil Conservation Service Hut; 
5- Mt Stillwell to MR286 via Chalet; 6- Kangaroo Spur to 
Merrits Crk; 7- Chalet to Charlotte Pass; 8- Mt Twynam to 
Soil Conservation Service Hut; 9- Blue Lake to Headley 
Tarn 

No date Summit B&W Individual runs: 1- Mt Twynam to Mt Kosciuszko; 2 NSW NPWS Library, Jindabyne 
Etheridge ridge to Thredbo; 3- Etheridge ridge to Thredbo 
via MR86; 4- Blue Lake to Soil Conservation Service Hut; 
5- Mt Stillwell to MR286 via Chalet 

1992 1:25,000 Colour LPI 
1998 1:25,000 Colour Also available in digital format LPI 
1999 1:50,000 Colour LPI 
2003 Low level aerial photography taken after wildfires in NSW NPWS 

Jan/Feb 2003. 
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Table 7.3 List of relevant historical aerial photographs held by Snowy Hydro at Cooma. 
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These historical aerial photographs of the Kosciuszko alpine zone have the potential 

to provide important information about change of vegetation at a range of scales, 

such as at the scale of vegetation communities or patches of clonal genera. For 

example, patches of feldmark as small as 150 mm in diameter on pavement areas and 

distinct patches of the herb Celmisia within tall alpine herbfield could be recognised 

from large scale (1:≤5,000) colour aerial photographs (pers. obs. by author; 

Totterdell and Nebauer 1973). Colour images also revealed the distribution and 

extent of shrubs, distinct boundaries between some of the local vegetation 

communities, as well as patches of litter, rock and bare ground.  

Nevertheless, when comparing aerial photographs of the same area taken at different 

times, many factors need to be considered to ensure that measured changes represent 

real changes of vegetation, and are not simply sampling artefacts due to technical or 

methodological issues. The quantification of errors and detailed measures of 

classification are particularly important for temporal comparisons. The following 

section discusses challenges and limitations in using aerial photography for the 

assessment of vegetation change over time. 

7.4 CHALLENGES IN USING AERIAL PHOTOGRAPHY 

7.4.1 Accessibility and documentation of procedures 

As with many longer-term records, there were difficulties in locating and accessing 

aerial photographs as they were spread amongst many sources with incomplete 

documentation. Some records were incomplete, lost or had even been deliberately 

destroyed, a problem that in part stems from issues with archival as well as structural 

and personnel changes in organisations (pers. obs. by author; Flight Sergeant 

Broome, pers. comm. 2001). 

Comprehensive documentation of technical and methodological issues is very 

important when using aerial photography to map vegetation. The field collection and 

subsequent evaluation of aerial photographs is usually described in much detail. 

However, the cartographic basis of these methods, their geometric accuracy, and the 

quantification and potential sources of errors, all of which are vital to draw 
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quantitative and qualitative conclusions in temporal series, are rarely addressed 

(BUWAL 1996). The issue of measuring the range of error is only being addressed in 

the recent literature (e.g. Green and Hartley 2000; Viergever 2002). Without 

thorough calibration of imagery and allowance for the influence of external factors, 

the use of historical photographs to unveil a time series of vegetation change may 

provide misleading results (Fensham and Fairfax 2002).  

7.4.2 Image quality 

Challenges to repeated land cover mapping, particularly in mountainous terrain, 

include: (1) shadows (with enhanced topographical features); (2) reflectance; (3) 

snow and ice cover; and (4) enhanced cloud cover. Shadows, blurring of distinct 

edges due to haze, development process, film quality and graininess may result in an 

overestimation of vegetation cover (Spurr 1960; Fensham and Fairfax 2002). 

Further, differences in scale, distortion, time of capture and image quality between 

years may limit the use and power of photo-interpretation and the assessment of 

change (Fensham and Fairfax 2002). Spatial distortion can be considerable in aerial 

photography due to camera lens, tilt and ground topography (Dymond 1986; Bolstad 

1992). Also, differences in spectral properties between photographs due to 

differences in view direction, film development and scanning procedures may 

complicate the analysis if an area covers more than one image (Kadmon and Harari-

Kremer 1999). 

The quality of the images of the Kosciuszko alpine zone varied considerably. Some 

aerial photography runs, for example, were conducted despite considerable cloud 

cover, while technical problems such as overexposure of photographs were also an 

issue (pers. obs. by author). Some images from more recent years are available in 

digital format as scanned and rectified mosaics with a pixel size of 1 m. These could 

be particularly useful when used in conjunction with a geographic information 

system. 

7.4.3 Digital data processing and geographic information systems 

Rectification of images when processing them digitally can correct for some of the 

distortion, but the level of precision is limited by the accuracy, distribution and 

number of ground control points. When images are processed digitally, the vertical 
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dimension is generally lost (although three-dimensional viewing software and 

apparatus are now available). 

The applications for, and aims of, a vegetation map vary immensely. Unfortunately, 

the potential for repeat application and extension of vegetation mapping programs is 

often neglected during the establishment of mapping programs (BUWAL 1996). 

Nowadays, the actual vegetation map is no longer the main and final product of a 

mapping program, but rather a medium of expressing digital data. Geographic 

information systems allow data manipulation, calculation and complex analysis of 

biotic and abiotic characteristics and assist with visualisation of such patterns 

through the production of maps (BUWAL 1996). 

At present, the delineation of vegetation boundaries is still mostly determined 

visually and boundaries are drawn manually, as digital image classification still 

exhibits problems in the discrimination of patterns. Image classification in remote 

sensing is usually at the pixel level and there are difficulties in discriminating near 

neighbours, thus objects or contextual relationships are not readily identified (Uuttera 

et al. 1998). Recent studies are addressing that problem (e.g. Viergever 2002) or are 

exploring other ways of classification, such as by spectral analysis (Wyatt 2000). 

Digital analysis of vegetation changes that is based on clearly defined image 

processing algorithms is more objective than analyses based on manual 

photointerpretation (although at present not necessarily more accurate) (Kadmon and 

Harari-Kremer 1999).  

7.4.4 Delineation of boundaries 

Many of the major problems of vegetation mapping are inevitable consequences of 

the nature of variation in vegetation (Kirkpatrick and Dickinson 1986). Sharp 

vegetation boundaries perceived in the field are generally: (1) due to sharp breaks in 

environmental conditions; or (2) due to dominant species reaching environmental 

limits (Kirkpatrick and Dickinson 1986). However, natural vegetation is often 

characterised by gradients (ecotones) and mosaics with gradual (soft/fuzzy) rather 

than sharp boundaries (cf. Chapters 3 & 4; Kirkpatrick et al. 1996; Green and 

Hartley 2000). Thus some vegetation components vary in a continuous way and the 

placement of a boundary usually represents a subjective segmentation of continua 
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and may be difficult and subjective even with strict criteria (Kirkpatrick and 

Dickinson 1986; Green and Hartley 2000; Fensham and Fairfax 2002). 

7.4.5 Combination of techniques 

Ideally, aerial photographs should not be analysed in isolation, but in combination 

with on-ground data (BUWAL 1996). The analysis of aerial photography for 

temporal vegetation studies involves four main steps: (1) image collection and 

processing; (2) image classification and vegetation map construction; (3) field 

validation; and (4) statistical analysis of vegetation changes (Kadmon and Harari-

Kremer 1999). The combination of aerial photo interpretation with field knowledge, 

ground surveys and geographic information systems provides a powerful method of 

vegetation classification (Fensham and Fairfax 2002). Thus, field survey/ground 

observations and remotely-sensed data are complementary and should to be used 

together wherever possible, such as when using: (1) remotely-sensed data to aid field 

survey design; (2) ground observations to calibrate models used to interpret 

remotely-sensed data; (3) validation of remotely-sensed observations against 

reference data from ground surveys; and (4) integration of data from field 

observations and remote sensing to generate new information (Wyatt 2000). No 

single approach is optimal in all circumstances and thus land survey and mapping 

programs should take advantage of the full suite of available data acquisition 

methods (Wyatt 2000). 

7.5 REMAPPING THE VEGETATION OF THE KOSCIUSZKO 

ALPINE ZONE 

The measurement of vegetation change over time from aerial photography of the 

Kosciuszko alpine zone can be approached in several ways. As mentioned earlier, a 

vegetation map of the alpine zone from aerial photographs taken in 1964 is available. 

Ideally, this map could be used as a baseline to compare the distribution of 

vegetation communities mapped from more recent aerial photographs. As there is 

limited information available about the classification and the precision of the mapped 

vegetation communities of the existing map, however, the existing map would have 

to be calibrated to the original aerial photographs used, before the map could be 

overlaid onto the new photos to assess any shifts in community boundaries. 
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However, given the level of detail that was mapped with the additional assistance of 

colour oblique aerial photographs, extensive experience of the researchers and 

ground-level checks, the available 1:34,000 black and white photographs alone do 

not provide sufficient information to reconstruct a new map with similar detail. This 

problem arose mainly because the marked map sheets and the oblique aerial 

photographs were no longer available to assist with the classification and calibration.  

A second approach is that vegetation boundaries could be remapped afresh from 

comparable sets of aerial photographs taken in different years. This approach would 

allow for the quantification of errors and detailed documentation of procedures, and 

thus could provide statistical measures of change and a solid base for reassessment in 

the future.  

A third approach would be to use a point grid method akin to the method by 

McDougall (2003) to map the vegetation in a given year and assess vegetation 

change between different years. Nevertheless, depending on the grid size, smaller 

communities may be underrepresented which is less likely to occur using a boundary 

technique. 

Given the range of scales of available historical aerial photographs of the Kosciuszko 

alpine zone (Tables 7.2 & 7.3), potential research could address questions of 

distribution and changes to as large a scale as patches by clonal genera and 

individual communities. The use of colour images allows for more detailed 

distinction between vegetation taxa than black and white photographs. Further, 

images taken in late autumn may provide a stronger colour contrast as many species 

change colour in response to colder conditions (Wimbush and Costin 1973).  

7.5.1 Other imagery with potential for assessment of vegetation 

change 

Increasingly, imagery from other remote sensing technologies such as pictures from 

satellite imaging, radar, laser and imaging spectrometry (e.g. AUSLIG 1990) is 

becoming available and their application for the study of vegetation change should 

be explored. However, aerial photography has several advantages over imagery from 

other remote sensing technologies. In particular, it is the long-term nature of the 

aerial photographic records of the Kosciuszko Alpine Zone that is important. A large 
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number of photographs have been taken and some of these records date back as far as 

the 1930s, long before images from other remote sensing technologies are available. 

Further, aerial photographs have a higher resolution and can be viewed in three 

dimensions (Fensham and Fairfax 2002). 

Another useful, but largely underutilised, source of information on vegetation change 

are photopoint studies, where a scene is recaptured from a specific location (cf. 

Hastings and Turner 1965; Klett et al. 1984; Magill 1989). Photopoint studies can 

provide a powerful tool to detect and quantify landscape and vegetation change, 

particularly where results from different sources are integrated to enhance the 

detection, evaluation and explanation of changes (Pickard 2002). 

Photopoint studies may be relevant to long-term monitoring in Kosciuszko National 

Park with images having been taken by a range of people over the last 50 years 

(including current and former staff of the NSW NPWS and CSIRO16 such as Graeme 

Worboys, Roger Good, Colin Totterdell, Dane Wimbush and Alec Costin). These 

images which are largely stored in private collections, libraries and archives, may be 

amenable for continuing study. 

7.6 CONCLUSIONS AND RECOMMENDATIONS 

The growing requirement for ecological monitoring at the landscape scale for 

planning, environmental management, ecological research or in response to statutory 

obligations may be difficult to satisfy without the use of remotely sensed data such as 

aerial photographs (Wyatt 2000). With substantial changes in climate, population and 

landuse occurring over the last century, the documentation, quantification and 

interpretation of vegetation change is especially important (Pickard 2002). Aerial 

photographs can provide a powerful tool to assess vegetation change over time at a 

range of scales, and their analysis may detect patterns at scales which would not be 

obvious from the ground. Thus their importance for understanding landscape change 

cannot be overstated (Wyatt 2000; Fensham and Fairfax 2002). 

While studies of vegetation change utilising historical photographs may be bound by 

the quality and compatibility of available photographs, they are often the most 

comprehensive source of information on past vegetation state and distribution. In the 

16 Commonwealth Scientific and Industrial Research Organisation. 

192 



Kosciuszko alpine zone, aerial photography has been repeatedly used since the early 

1900s by different organisations, thus providing an extensive range of areas with 

many potentially comparable repeat images. However, due to the variety of sources 

and the extent of the timespan, access to these images may be difficult. Further, to 

provide scientifically valid temporal comparisons between time periods, technical 

and methodological procedures need to be documented carefully and should quantify 

potential methodological errors. The classification of current aerial photographs 

should involve on-ground field validation. Such information may, however, not be 

available to calibrate the classification of historical images. 

The high cost of on-ground vegetation surveys in mountains due to the physical 

difficulties of terrain and climate highlights the importance of aerial photography in 

providing such information. Therefore, despite considerable challenges and with 

appropriate documentation, aerial photography can provide a very useful and 

efficient tool to assess changes in vegetation over time at a landscape scale. 
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8 DISCUSSION 


Information about vegetation dynamics in tall alpine herbfield is important for 

developing an understanding of their current and possible future states, as well as 

understanding the effects of continuing or planned land use activities. Vegetation 

changes in the Kosciuszko alpine zone are occurring at several spatial scales in 

response to both natural and anthropogenic influences. These changes can be 

monitored at the level of species/genera, life forms or communities using a variety of 

field based or remote sensing techniques. In this thesis, patterns of vegetation change 

and recovery from livestock grazing were examined at permanent long-term transects 

and at permanent photoquadrats over more than four decades. Further, the current 

state of a closed and revegetated walking track was examined and compared to 

adjacent natural vegetation to evaluate longer-term impacts of tourism activities at 

sites where no historical data is available. The application of aerial photography to 

examine vegetation change in the Kosciuszko alpine zone was also discussed. The 

use of historical data sources in this research has highlighted benefits, limitations and 

management considerations with regards to the application of existing data and the 

establishment and/or maintenance of long-term studies. 

8.1 TALL ALPINE HERBFIELD 

Results from this thesis showed that undisturbed tall alpine herbfield provided an 

almost total vegetation cover with little litter and bare ground. Vegetation cover 

during non-drought years was around 90% to 96%, with around 3% to 9% litter and 

less than 3% bare ground at either undisturbed or recovered sites. Such an extensive 

vegetation cover provides an effective control of surface runoff and soil loss, and 

provides protection for seedling establishment and revegetation of the small patches 

of bare ground (Costin 1966; Costin and Wimbush 1972; Urbanska and Chambers 

2002). 

Vegetation cover in tall alpine herbfield during ‘average’ rainfall years was 

dominated by graminoids (~70% cover) and herbs (~30%) but varied considerably 

between sites only a few hundred metres apart. Similar cover values were reported 

from ungrazed Tasmanian tall alpine herbfield (Bridle 2000). Cover and diversity of 

194




shrubs was highly variable, with low levels of shrub cover in areas of tall alpine 

herbfield adjacent to the closed walking track (~6.5%), but as high as 22% at 

Gungartan for the photoquadrats. Moss and lichen cover was low (< 1%) in all the 

different studies. 

The results from the transect, photoquadrat and paired quadrat studies also indicated 

that community composition and taxa cover in tall alpine herbfield can vary 

considerably over a range of scales including metres. At the sub-metre scale as 

measured at the photoquadrats and transects, there was considerable variation 

between life forms over time, such as by cycling between herbs and graminoids, and 

between litter and graminoids. At the scale of sites (up to 1 km), plant composition 

was fairly stable over time with persistence of characteristic taxa, while changes 

observed were driven by the growth and expansion of maturing plants or the effects 

of climatic variation. Even in the more disturbed areas of Gungartan, spatial diversity 

amongst transects and photoquadrats persisted despite temporal changes in taxa 

composition and cover as vegetation recovered. By 2002, species/genera diversity 

and the amount of bare areas at Gungartan were comparable to those at Kosciuszko. 

Temporal and spatial variation in the vegetation of the Kosciuszko alpine zone is 

likely to be affected by: (1) environmental factors such as topography, soil 

conditions, and snow cover; (2) history of natural and anthropogenic disturbances; 

(3) vegetative and growth characteristics; and (4) combinations of these. Natural 

disturbances such as damage by case moth herbivory, plant senescence and wildfires 

may contribute to the spatial (and temporal) variability within tall alpine herbfield by 

creating a mosaic of vegetation at various successional stages (McVean 1969; Bridle 

2000; Kirkwood 2001). Indeed, the dominance of tall herbs in herb-rich alpine 

grasslands of the Australian mainland has been in part attributed to disturbance (Carr 

and Turner 1959a; McVean 1969; Costin et al. 2000) and thus tall alpine herbfield 

may be dependent on exogenous disturbance or extreme climatic events to persist in 

the longer term, as it may otherwise be replaced by grasslands (McVean 1969; Bridle 

2000). 

Senescence played an important role in the spatial and temporal patterns of tall alpine 

herbfield and contributed to the temporal variation within sites. For example, 

senescing grass tussocks, which died and became litter, were colonised by herbs, 
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which were once again replaced by grasses. Several genera of herbs and shrubs were 

observed to persist for several years and even decades, gradually expanding over 

time as they were maturing. Individual plants or clusters of Craspedia, for example, 

grew and persist for several years. Similarly, shrubs and particularly the long-lived 

grass Chionochloa frigida gradually expanded as they matured. In areas where a 

cohort of plants matured at the same time, dramatic changes in life form cover may 

occur over a relatively short time. For example a cohort of shrubs, which established 

after the cessation of grazing and gradually increased in cover, may begin to senesce 

and be replaced by grasses, thus resulting in a relatively rapid shift from heathland to 

grassland. However, as shrubs may persist for several decades before senescing, and 

with largely still maturing plants in the area, this study did not show the extent of 

cyclical patterns between shrubs and grasses documented elsewhere (e.g. Williams 

and Ashton 1987a, b, 1988). 

Wildfires are an infrequent component of vegetation dynamics in the alpine zone but 

have the potential to change vegetation patterns dramatically by removal of 

vegetation and damage to the seed bank. The exposure of bare soil may lead to 

subsequent erosion and nutrient depletion. Thus, the effects of wildfires may be 

similar to anthropogenic impacts and due to their severity and extent are likely to 

result in longer-term or even permanent changes. However, wildfires in 

January/February 2003 have demonstrated that undisturbed tall alpine herbfield 

burns poorly even during severe drought conditions and with high winds (Worboys 

2003). The application of frequent burning regimes during the grazing era, hence 

may only have been possible due to the vegetation having been degraded by 

trampling and selective grazing by cattle and sheep. A possible increase in litter with 

livestock grazing, as observed elsewhere (Patzelt 1996), may have contributed to the 

apparently improved flammability of tall alpine herbfield during the grazing years. 

Natural tall alpine herbfield usually has little litter and thus may not burn well.  

Vegetative and growth characteristics also influence the spatial variability within the 

tall alpine herbfield community. The clonal spread of some species, particularly 

Celmisia spp., contributes to strong localised species distributions with distinct 

patches that may persist for decades. Rhizomatous herb species, such as the mat-

forming coloniser Neopaxia australasica and the naturalised herb *Acetosella 
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vulgaris may extend their cover rapidly given the opportunity, but may decline 

rapidly once apparently more competitive grasses and herbs re-establish. Neopaxia 

australasica, for example, was observed to rapidly spread through litter after the 

death of drought affected Poa grasses. Long-lived shrub species, on the other hand, 

may take years to mature, gradually expanding until senescence and death. Further, 

research in the alpine and subalpine areas of Victoria indicate that many shrubs 

require bare ground to establish from seeds (Williams 1985). The increase of shrub 

cover particularly at the Gungartan transects was thus not unexpected as livestock 

grazing had resulted in an opening of the vegetation cover. However, it appears that 

the expansion of shrub cover at the long-term transects was largely due to the growth 

of maturing shrubs with little shrub colonisation from within bare areas. The 

revegetation of bare areas occurred predominately by lateral expansion of adjacent 

plants which gradually colonised the damaged areas from the edges. Shrubs in 

general are not a dominant component of undisturbed herbfield and grassland 

communities and their distribution in the alpine zone are often limited by severe 

winds and cold (Costin 1954). 

Long-term cyclical trends, such as a shift from herbs or shrubs to grasses and back, 

or climate change may also influence the temporal variability of tall alpine herbfield 

and are potential factors contributing to the underlying trend of increasing genera 

richness observed during this study. Climatic data indicates that climate change is 

occurring not only in Australia, but worldwide (IPCC 2001). The last three decades 

in Australia, for example, were the warmest on record (BOM 2003). Data for the 

Kosciuszko area also indicate that warming is occurring and that the duration and 

extent of snow cover is decreasing (K. Green, pers. comm. 2003). These changes are 

likely to affect the distribution of plant species and may result in a general upward 

shift of plants from their current range (Grabherr et al. 1994; Ostendorf et al. 2001; 

Sturm et al. 2001; Pickering and Armstrong 2003). This may result in a temporary 

increase in overall species diversity in high altitude areas, as for example, additional 

species from subalpine areas could establish at higher altitudes, while more 

generalist or colonising alpine species may still persist for some time. Thus, 

specialist alpine species such as those restricted to communities dependent on long-

term snow banks, on particular short alpine herbfields and snow bank feldmark, may 

be at risk of extinction (Pickering and Armstrong 2003) 
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Over the past four decades, the six-year drought from 1961 to 1967 and the recovery 

from disturbance by former livestock grazing were the two main influences for 

vegetation change at the long-term study sites. 

8.2 DROUGHT IMPACTS AND RECOVERY 

Below average precipitation resulted in a decline in vegetation cover and a temporary 

shift of the relative proportions of the dominant life forms. Specifically, drought 

conditions resulted in the loss of grasses (largely the snowgrasses Poa costiniana and 

P. fawcettiae) and an increase in litter. Herbs were less susceptible to dry conditions 

and may have benefited from the decline in competition by grasses. As the grasses 

recovered after the drought, herb cover declined and pre-drought proportions of life 

form cover were re-established within a few years. The decline in herb cover was 

likely due to increased competition by grasses and the displacement of colonising 

herbs. Drought effects were similar to the effects of herbivory by native case moth 

larvae which also resulted in the death of grasses and an increase in litter, but not 

bare areas (Kirkwood 2001). While the damage by case moth herbivory occurs in 

small patches unlike the more widespread effects of drought, both result in a mulch 

of Poa litter that prevents erosion and provides protection for existing or establishing 

herbs. Livestock grazing, on the other hand, may result in lower herb cover, 

increased litter and more bare ground.  

Thus, an important distinction between the natural disturbances of drought or moth 

herbivory, and most anthropogenic disturbances including livestock grazing, is that 

natural disturbances generally did not result in an increase of bare areas. Natural 

disturbances in the Kosciuszko alpine zone such as drought, insect attack or plant 

senescence rarely result in the exposure of bare soil due to the formation of a 

protective litter cover. Such areas experience little loss of soil and are usually 

revegetated within a few years. In contrast, past and current anthropogenic activities 

in the Kosciuszko alpine zone such as livestock grazing, deliberate burning and 

trampling by visitors often result/resulted in reduced vegetation cover and increased 

bare areas. 
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8.3 RECOVERY FROM LIVESTOCK GRAZING 

One of the first effects of livestock grazing on the vegetation in the Kosciuszko 

alpine zone was a marked reduction in cover by major herbs. A single season of 

livestock grazing could reduce herb cover by half (Costin et al. 1959). Grazing can 

also affect the overall stature of communities and individual taxa (Bridle 2000). 

When grazing was excluded from tall alpine herbfields, there was an increase in tall 

herbs and as revegetation progressed, a decrease in minor herbs. Similarly, river 

islands in Tasmanian tall alpine herbfield vegetation which were protected from 

grazing had a higher cover of tall herbs, particularly Craspedia, than grazed areas 

(Bridle and Kirkpatrick 1998; Bridle 2000). 

In general, vegetation cover and genera diversity increased over time at Gungartan. 

The species/genera composition, however, was still different four decades after the 

cessation of livestock grazing. The initial increase in plant diversity and cover at 

Gungartan was largely due to the establishment of colonising species on bare areas. 

However, revegetation from within patches was slow and generally remained at the 

stage of colonising species until encroaching vegetation became established. As the 

dominant herbs and grasses re-established and encroached upon bare areas from the 

edges, colonising species declined in diversity and cover. Nevertheless, where mat-

forming plants colonised bare ground and expanded, opportunities arose for 

succession by grass species as the core of the patch forming mats began to senesce. 

Some tall herbs, such as Craspedia spp. have also been observed to colonise gaps 

appearing during the senescence of shrubs or grass tussocks (Carr and Turner 1959b; 

McVean 1969; Costin et al. 2000). 

The high percentages of exposed rock at Gungartan are likely to persist for decades. 

Thus, although there have been definite improvements in areas affected by livestock 

grazing, there remain considerable differences in vegetation composition and cover. 

Change in vegetation composition at the studied sites was slow. However, palatable 

species increased in diversity and cover at the formerly grazed plots. This was likely 

the result of cessation of livestock grazing, which had reduced the cover, diversity 

and extent of the most palatable species. 
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8.4 RECOVERY FROM TOURISM IMPACTS 

Vegetation and soils on the closed track were still considerably different to adjacent 

natural vegetation 15 years after the disturbance. Vegetation cover had improved but 

largely consisted of introduced grasses which had persisted from revegetation efforts. 

Genera diversity by native plants was similar, but composition was considerably 

different with many colonising species on the closed track and still considerable 

amounts of bare ground. Colonisation of bare areas occurred by a similar suite of 

taxa as observed at the long-term plots. With a combination of depleted soils and 

dominance by introduced species, recovery to vegetation comparable to adjacent 

areas is not expected to occur in the shorter-term. 

8.5 RESTORATION TIMEFRAME 

Results from this study indicate that vegetation recovery from disturbance at the 

long-term study sites in the Kosciuszko alpine zone is slow and that the pattern and 

timeframe of recovery was influenced by the severity of the initial damage. While at 

most sites almost complete vegetation cover and similar genera richness was 

achieved about 40-50 years after the cessation of the disturbance, genera composition 

is likely to remain different for much longer. At severely disturbed sites with 

extensive bare ground, recovery also requires more time or may not occur at all. 

Further, severe climatic conditions may contribute to continuing deterioration of both 

vegetation and soils even after the cessation of disturbance. 

The timeframe involved in the process of revegetation and restoration is a function of 

the extent and severity of the initial damage. Johnston (2003) postulates a model of 

transitional states for the recovery of damaged tall alpine herbfields in the 

Kosciuszko alpine zone. In this model tall alpine herbfield with a cover of above 

70% and a remaining soil horizon A, is able to recover naturally to a state similar to 

the original. With severe soil and vegetation loss, vegetation is expected to change to 

a different state, such as for example a feldmark community, while in areas where 

vegetation was removed entirely and the A horizon has been lost, recovery may not 

occur at all. Results from this thesis highlight that vegetation recovery is slow, but 

may occur even at sites with little initial cover, given that erosion is not too severe.  

200




8.6 CATCHMENT PROTECTION 

Catchment quality has improved over the last 43 years at Gungartan with a decrease 

in bare areas and a decrease in soil compaction, improving infiltration rates and thus 

reducing erosive surface run-off (Wimbush and Costin 1983; Costin 2002). 

Catchment quality in the soil covered Australian Alps is dependent on an intact 

vegetation cover and may deteriorate with loss of vegetation, soil erosion and 

compaction, such as caused by livestock grazing and tourism activities (Lawrence 

1995; Costin et al. 2002). To achieve high infiltration rates and to avoid erosive run

off during rainfall events, vegetation cover of at least 70-100% (depending on site 

conditions) is needed in the Australian Alps (Costin 2002). As mentioned earlier, 

vegetation cover in undisturbed alpine communities of Kosciuszko National Park is 

almost complete, with the exception of exposed ridges or snowbank areas where bare 

ground is common. In undisturbed sod tussock grassland and tall alpine herbfield 

communities, for example, the extent of bare ground was generally below 5% 

(Chapters 4, 5 and 6; Costin et al. 1959; Wimbush and Costin 1979c). This study has 

shown that the extent of bare areas in the tall alpine herbfield sections of the transects 

has decreased from up to 14% at Gungartan in 1959 to below 4% by 2002. This is 

comparable to undisturbed vegetation. Bog areas may also be expanding as indicated 

by the increase in cover of Empodisma minus, Richea continentis and Sphagnum -

genera typical of moister environments - and thus are likely to lead to improved 

water storage capacity of the area. Similar observations of increasing wetland areas 

were made in the Bogong High Plains as grazing pressure decreased (McDougall 

2003). Nevertheless, the cover of rock at Gungartan is still six-fold that at 

Kosciuszko and is unlikely to improve in the short-term as it has not declined since 

1978. Thus, while the recovery of vegetation is likely to have contributed to 

improved catchment quality, catchment capacity is likely to remain lower compared 

to pre-grazing conditions. 

8.7 TOURISM AND RECREATIONAL VALUES 

The increase in herb cover and diversity may also contribute to an improvement of 

the visual amenity of the area with even more spectacular flowering. The native mass 

flowering is already a major attraction to the area (Costin et al. 2002). The closure of 
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the vegetation canopy at Gungartan is also likely to reduce the potential for the 

establishment of weed species, as they generally require disturbed and exposed areas 

to invade the natural vegetation communities. Thus, prevention of further vegetation 

damage and the reestablishment of native vegetation on disturbed areas are important 

to provide the visual and ecological qualities that attract visitors and thus maintain 

the tourism product. 

Tourism infrastructure as well as activities such as trampling associated with walking 

off formal tracks can result in damage to vegetation, the exposure of bare ground and 

may facilitate the introduction, establishment and spread of weeds (cf. Chapter 6; 

Mallen-Cooper 1990; Johnston 2001a; Pickering et al. 2003a). Thus, tourism may 

have some similar impacts to livestock grazing, although generally more confined. 

While the most popular tracks in the Kosciuszko alpine zone have been gradually 

hardened by the NSW NPWS to reduce visitor impacts, many informal tracks have 

established over the years in the Kosciuszko alpine zone. These tracks often do not 

follow the least damaging route and may require monitoring to prevent increasing 

damage where bare ground has been exposed.  

8.8 MANAGEMENT ISSUES 

8.8.1 Mandate for conservation 

The primary mandate of protected area managers is to conserve the natural values of 

the parks and reserves (Figgis 1999; Worboys et al. 2001). For example, the primary 

management objective for Kosciuszko National Park along with other parks in New 

South Wales, Australia, is to preserve and protect the park’s unique or outstanding 

natural features and scenery (NPWS 1988; ISC 2002). In doing so, consideration is 

given to the conservation of the fauna and flora and the protection of catchments and 

streams. This involves the management of past impacts, such as severe sheet erosion 

caused by livestock grazing in the Kosciuszko alpine zone. The provision of 

opportunities for recreation and education associated with the enjoyment of natural 

environments is also encouraged within protected areas without compromising the 

area’s natural qualities (NPWS 1982; Worboys et al. 2001; ISC 2002). 
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8.8.2 Push for multi-use 

The concepts of nature conservation versus multiple-use, such as for tourism and 

recreation, can be opposed. All resource utilisation, however well managed, imposes 

environmental costs and thus is likely to reduce the conservation value of the 

resource (Buckley 2000; Buckley et al. 2003). In practice, such costs are most 

effectively minimised by separating exploitative activities and sites of high 

conservation value, a notion that is rejected by the multiple-use concept (Figgis 

1999; Worboys et al. 2001). Therefore, activities specific to natural areas such as 

nature tourism are a two-edged sword. They offer a good argument for the dedication 

and management of natural areas for their value as tourism product, but pressures of 

commercial interests are likely to prevail over nature conservation limiting the 

conservation values (Figgis 1999). 

Apart from dealing with the impacts of past and ongoing activities, protected area 

managers of the Australian Alps are increasingly exposed to pressures from the 

skiing industry, tour operators, cultural heritage and other interest groups lobbying 

for ‘equal’ rights of access and multiple use of protected areas (Figgis 1999; ISC 

2002; Morrell 2002; Scott 2002). Some of these land-use activities may be in conflict 

with the most basic conservation values which are the primary objective of 

protecting these areas. For example, introduced species associated with human 

activities in Kosciuszko National Park, such as species planted near an historic hut, 

are seen by some to be an integral part of the cultural history of the area worthy of 

protection (Moon and Cubit 2002). This, however, stands in clear contradiction to 

current management objectives which involve the treatment and control of 

introduced species. This paradigm shift from protected areas being nature 

sanctuaries, to becoming multiple use parks coincides with decreasing government 

support for the management of such areas, which may make the economic incentives 

from multiple uses increasingly attractive to managers of protected areas (Figgis 

1999; Buckley 2000; Newsome et al. 2002). 

However, if the resource is to be maintained, recreation planning in the Australian 

Alps cannot be driven by demand (Cullen and Turner 1986). Impacts on natural areas 

can be modified and minimised by management actions, and increasingly, 

anthropogenic pressures require targeted management action.  

203




8.8.3 Value of long-term studies and existing data sources 

Information on vegetation pattern and change, especially in relation to native and 

introduced disturbance regimes and restoration is therefore essential if park 

management is to effectively meet the goals of conservation in protected areas 

(Wahren 1997). Objective information, such as available from scientific studies, can 

provide guidance for management and evidence in the political arena and in 

community relations to deal with specific issues and justify management action 

(Worboys et al. 2001; Newsome et al. 2002). By taking a proactive approach, 

managers of protected areas can learn from the past and use such information to 

predict and anticipate future changes and management issues. A scientific assessment 

of processes and changes in the alpine vegetation can assist land managers to make 

sustainable decisions, ensuring the long-term quality, integrity and viability of 

natural areas.  

Thus there is a great need for detailed environmental data in order to: (1) better 

understand ecological relationships; (2) understand existing and potential effects of 

recreational and management pressures on ecosystems; (3) provide datum lines 

against which future changes can be assessed; and (4) provide better information on 

many park features, including vegetation, for interpretation, education and 

management (Wimbush and Costin 1973). The monitoring of ecological 

characteristics and values of protected areas over time also enables one to assess 

whether the legislative requirements for the management of protected areas are 

achieved. Time and financial constraints may limit the establishment of new 

monitoring programs, and results are often needed immediately. However, as shown 

in this thesis, some of this information may already be available from existing data, 

while targeted sampling using comparative techniques may relatively quickly 

provide additional information. Such information may provide management guidance 

now and well into the future with comparatively little cost and effort. While newly 

established long-term studies may be extremely informative and useful for 

management in the future, they may take years of sampling before providing 

conclusive results. 

The use of different monitoring techniques and monitoring at different scales are 

important to provide a holistic picture of change. Long-term data from permanent 
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sites can provide a very precise and detailed assessment of change over time for 

those sites with information on vegetation persistence, patterns and rates of change 

which are not available from short-term studies. A complementary approach of 

utilising both field based observations and remotely-sensed imagery has the potential 

to yield additional information not otherwise available (synergistic effect).  

There are, nevertheless, some limitations that may affect the application and quality 

of historical long-term data sources. However, many of these limitations can be 

overcome by good management. 

8.8.4 Potential limitations of long-term studies and sources of 

historical data 

Data availability 

Historical data sources may be widely scattered amongst agencies, government 

archives, companies and individuals to which on their own, the information may 

have lost value by being out-of-date or incomplete. This may complicate efforts to 

locate and access historical data. Even when resources are well maintained and 

documented, such as in a private collection, land managers or researchers may be 

unable to locate the resource or simply don’t know of it. 

To address this issue in the Australian Alps, a database of historic, current and long-

term scientific sites was set up to provide a compilation of research sites in a form 

easily accessible to land managers. It also provides some guidelines as to the process 

of assessing whether continuation of long-term monitoring sites would be feasible or 

not (cf. Clarke 1998). A similar database for historical and current photographic 

records that may allow for temporal comparisons of photopoints or aerial 

photographs could benefit land managers and researchers in the Australian Alps 

immensely. 

Administrative issues 

People are one of the key issues for the successful application of long-term studies. 

Long-term monitoring programs are heavily dependent on personal effort of 

individuals and often receive minimal financial or institutional support, thus only few 

programs survive a decade or even longer (Dickson 1995). Even if the maintenance 
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of specific long-term studies has become the role of a government agency, such tasks 

may be of low priority and may depend on the personal interest of individuals. 

There is a growing threat of loss of corporate memory within organisations such as 

the New South Wales National Parks Service, with staff reductions and frequent 

personnel movements (ISC 2002). With the loss of personal knowledge and 

experience by former staff, information from long-term studies is even more 

important. Thus high priority should be given to the allocation and fulfilment of tasks 

relating to the continuation and maintenance of long-term studies. Such tasks include 

archival, detailed documentation, field work, data analysis and dissemination of 

findings and backup copies. 

Methodology 

Gaps in a long-term dataset can greatly limit the analysis and interpretation of such 

data and a regular and consistent sampling regime is therefore important in the study 

of vegetation dynamics (Austin 1981). Other key elements of monitoring programs 

that need to be considered when establishing new monitoring programs are sampling 

design, spatial distribution and replication (Cullen and Turner 1986). When assessing 

vegetation change by evaluating historical data sources, factors such as replication 

and spatial distribution may be determined by the original design of long-term 

studies or the coverage and availability of suitable sources. Thus, while the lack of 

spatial replication or a gap in sampling may limit the interpretation and application of 

the dataset, studies utilising historical sources may provide the only available 

information on past patterns and events. Hence, adding another year to a 50 year 

study may be inherently more valuable than starting a new one elsewhere (Dickson 

1995). 

8.9 IMPLICATIONS FOR THE FUTURE 

There is a temporal conflict in research for biodiversity conservation and protected 

area management, as managers of protected areas often need answers to immediate 

problems, but an adequate investigation of a specific subject requires time 

(O’Connell and Yallop 2002). This highlights the importance of proactive 

management which involves strategic planning and visioning/anticipating potential 

upcoming problems in land management for biodiversity conservation. Such an 
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approach is likely to involve a commitment to long-term research as it provides 

underpinning knowledge for the planning and visioning process. 

Today, the main pressures on the Kosciuszko alpine area are considered to be 

tourism and recreation activities and the effects of enhanced climate change 

(Whetton 1998; Scherrer and Pickering 2001; Worboys and Pickering 2002a). 

However, damage by feral animals and the continuing recovery from past damage is 

also a concern as demonstrated in this thesis. Once damaged, alpine vegetation and 

soils are slow to recover and may require active and continuing restoration efforts to 

recover at all. Recent reports of break-downs in rehabilitation and revegetation 

measures undertaken since the 1960s further highlight the need for a long-term 

commitment to achieving full recovery of damaged areas (S. Johnston, pers. comm. 

2001). Data on spatial patterns, temporal change and the ecological processes 

governing restoration/regeneration are essential to the sustainable management of 

protected areas (Wahren 1997). 

Climate change may be a greater threat to the alpine zone than either grazing or 

tourism. The impacts of grazing and tourism have been, or can be managed by 

altering human activities within the park; the same approach will not work for 

climate change. The threat from climate change stems from human activities at a 

global scale. The legislative obligation of the NSW NPWS and other conservation 

agencies to maintain the natural values of the environment may require them, more 

and more, to assume an advocate’s role for the natural environment. This type of 

management approach, although vital for preserving conservation reserves, is likely 

to attract criticism from groups who see the responsibility of the parks services as 

limited to issues that can be managed within park boundaries (Scherrer and Pickering 

2001). 

Parks agencies can assist in dealing with the impacts of climate change indirectly by 

continuing and/or establishing a watching brief. This involves the monitoring of the 

Australian alpine flora and fauna to allow early detection of critical changes. 

Documenting changes in both the climate and the biota such as through long-term 

studies could highlight the impact of our activities on this fragile ecosystem, possibly 

adding support to moves to limit emissions.  
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The continuing and possibly increasing control of alien plants and animals is also 

needed, as the problem is likely to amplify as climate change may result in increasing 

abundance and diversity of weeds and feral animals in the alpine zone (Green 1998; 

Pickering and Armstrong 2003). Wild pigs have been observed to cause considerable 

disturbance through their rootings at Gungartan (obs. by author). At current, 

however, very little is known about the recovery of these rootings. Disturbances 

through climatic extremes are also expected to increase with a predicted increase in 

the number and extent of extreme events. It is also possible that tourism and climate 

change will have synergistic effects on the distribution of weeds in the alpine area 

further enhancing the problem (Buckley et al. 2000). 

8.10 CONCLUSIONS AND RECOMMENDATIONS 

Given the long-term persistence of damage to vegetation and soils in alpine 

environments and the increased risk of invasion by non-native species, damage 

should be prevented or if unavoidable, minimised. In the Kosciuszko alpine zone, 

visitor activities, the construction of tourism infrastructure, and damage by feral 

animals are currently the main anthropogenic causes of vegetation damage apart 

from recurring damage from former livestock grazing. Impacts from these activities 

can be controlled by appropriate management, such as by feral animal control 

programs and the establishment of raised rather than on-ground walkways. Where 

damage has already occurred or is unavoidable, exposed ground should be protected 

by mulching, revegetation by native species and follow-up treatments until a 

protective vegetation cover by native species has been achieved.  

This thesis demonstrated the value of historical data sources in the study of long-term 

vegetation change in the Kosciuszko alpine zone and has highlighted issues with 

access to and preservation of such data. Temporal and spatial patterns, both natural 

and in response to anthropogenic disturbances, were described, contributing to our 

ecological understanding of the area. Such information can assist land managers in 

the planning and management of landuse activities and the restoration of vegetation 

damage. Information from this study may be used as baseline data and may assist in 

the development of new monitoring programs. However, to improve the use and 

maximise the benefits of historical data sources, there is a great need for a systematic 

and coordinated approach to data preservation. 
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Recommendations from this study relate to the issues of impact prevention and 

restoration, administrative steps to improve the information gained from historical 

data sources, and the benefits of using a variety of techniques to monitor vegetation 

change. High priority should be given to: (1) the elimination of soil exposure and 

erosion through the utilisation of visitor management techniques (e.g. education and 

interpretation), the provision of appropriate infrastructure (particularly raised 

walkways), the control of feral animals such as horses and pigs, and the use of mulch 

and native species in the revegetation of damaged areas; (2) the collation and 

systematic archival of (largely untapped) historical information currently spread 

between government agencies, research bodies, commercial organisations and in 

private collections; (3) the continuation and regular re-sampling of existing long-

term studies, with improved documentation of research procedures to facilitate the 

continuation of studies; (4) improved communication, coordination and 

dissemination of information between government agencies and research bodies; and 

(5) the utilisation and combination of a variety of data sources and methods, 

including remote sensing and GIS techniques. 
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APPENDIX I 


CLIMATIC RECORDS FROM WEATHER STATIONS 


WITHIN OR NEAR THE ALPINE ZONE OF 


KOSCIUSZKO NATIONAL PARK 
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The climatic data summarised in this section are publicly accessible weather station records 

from the Bureau of Meteorology and Snowy Hydro and can be viewed at  www.bom.gov.au 

or www.snowyhydro.com.au respectively. 

Table A 1 Weather station details. 
Station    Number Latitude  Longitude Elevation  Opened on Last record Locality 
Charlotte Pass (Kosciusko Chalet) 71003  36°26'01"S  148°19'58"E  1755 m  1930-01-01 2001  Charlotte Pass 
Thredbo AWS (Crackenback) 71032  36°29'30"S 148°17'09"E  1957 m  1966-11-26 2001  Thredbo 
Perisher Valley Ski Centre 71072  36°24'12"S 148°24'37"E  1735 m  1976-06-07 2001  Perisher Valley
 Thredbo Village 71041 36°30'11"S  148°18'14"E  1380 m  1969-01-01 2001  Thredbo
 Cabramurra 72091 35°56'18"S  148°23'03"E  1475 m  1955-01-01 1999  Cabramurra 

Table A 2 Climate averages for the weather stations closest to the Kosciuszko alpine zone. 

Note: weather station records may be incomplete and may contain gaps during the period 

opened. 

Lowest monthly rainfall - mm 
Highest recorded daily rainfall - mm 
Mean no. of raindays 
Mean no. of cloudy days 
Mean no. of clear days 
Mean daily maximum temperature - deg C 
Mean daily minimum temperature - deg C 
Highest daily Max Temp - deg C 
Lowest daily Min Temp - deg C 
Mean no. of days where Min Temp <= 0.0 deg C 
Mean 9am relative  humidity - %  
Mean 3pm relative  humidity - %  
Mean 9am wind speed - km/h 
Mean 3pm wind speed - km/h 
Highest recorded wind gust - km/h 

Th
re

db
o 

A
W

S 
(C

ra
ck

en
ba

ck
)

) Mean monthly rainfall - mm 

36.1 
79 

12.3 
10.8 

6.7 
15.7 

6.3 
26.4 
-7.7 
2.6 
64  
60  

22.2 
19.5 

142.7 

7.3 
64 

11.4 
10.6 

6.5 
16.4 

7.1 
27 

-4.2 
1.2 
65  
61  

19.3 
17 

132.7 

40.7 
83.3 
13.2 

12 
6.4 

13.5 
5.2 

25.5 
-6.7 
2.5 
66  
64  

18.9 
17 

151.4 

10.9 
52.3 
12.5 
12.4 

6.9 
9.3 
1.7 

24.8 
-9 

8.8 
64  
65  
23 

21.6 

176.1 

42.3 
58.8 
15.5 
15.7 

5.2 
4.6 

-1.6 
15.8 
-11 

19.7 
74  
76  

25.8 
25 

211.5 

9.9 
56.9 
13.9 
11.8 

4.4 
1.8 

-3.7 
12.5 

-12.5 
23.8 

83  
82  

24.6 
24.6 

101.9 
212.2 

8.7 
159 
15.2 

16 
6.3 

0 
-5.5 
12.4 

-14.7 
28.7 

89  
88  

31.8 
31.2 

214.9 

14.8 
60 

16.2 
17.3 

6 
0.4 
-5 

10.5 
-15 

29.1 
87  
87  

33.6 
33.3 

230.1 

21.9 
160 
15.6 
15.5 

5.6 
2.9 

-3.3 
13.6 

-13.4 
25.4 

81  
80  

31.1 
29.8 

213 

55.5 
90 

16.7 
10.2 
4.3 

7 
-0.6 

17 
-8.8 
15.8 

71  
71  

27.1 
26.8 

264.1 

37.6 
114.3 

15 
11.3 

4.3 
10.5 

1.7 
24 

-8.5 
10.1 

67  
66  

22.4 
21.2 

211.4 

9.4 
57.2 
11.3 
10.2 

5.5 
14.1 

4.8 
26.3 

-9 
4.5 
59  
56  

24.5 
21.4 

169.4 

160 
168.7 
153.6 

68.1 
7 

-0.3 
27 

-15 
172.2 

73  
72  

26.6 
25.4 

101.9 
2329.6 

Highest monthly rainfall - mm 

C
ha

rlo
tte

 P
as

s 
(K

os
ci

us
ko

 C
ha

le
t 329.4 507 324.6 506.4 637 638 670.1 513.1 520.2 573.5 375.2 438.3 

Lowest monthly rainfall - mm 10.9 0 25.4 31.2 2.3 17.2 0 0 13 40.1 88.6 0.8 
Highest recorded daily rainfall - mm 133 144.5 68.6 83.6 171 131 168 76 101 112.3 80 99.4 171 
Mean no. of raindays 12.1 12.3 11.1 10.5 12.8 11.7 12.1 12.7 13.3 14.8 14.8 10.4 148.5 
Mean no. of cloudy days 11 6.9 10.2 10.5 13.9 12.7 14.6 10.6 10.5 6.9 11.8 9.7 129.1 
Mean no. of clear days 7.6 8.1 8.2 7.3 6.3 6.9 6.6 6.3 6.4 4.8 3.1 8.2 79.8 
Mean daily maximum temperature - deg C 17.1 16.9 14.4 9.9 6.5 3 1.7 2.5 4.7 8.8 12 15.2 9.4 
Mean daily minimum temperature - deg C 5 4.8 2.7 -0.4 -2.8 -5.4 -6.8 -5.7 -3.6 -0.5 1.7 3.6 -0.7 
Highest daily Max Temp - deg C 27.8 27.8 22.2 19.1 16.2 12.3 9 11.1 15.6 17.9 28.3 33.5 33.5 
Lowest daily Min Temp - deg C -5.6 -5 -6.7 -10.1 -10.8 -23 -19 -20.6 -16.7 -10.6 -9.4 -7 -23 
Mean no. of days where Min Temp <= 0.0 deg C 3.7 2.3 6.8 13.7 21.1 26.1 28.6 25.4 21.4 14.2 9.7 5.2 178.1 
Mean 9am relative  humidity - %  62  65  66  68  76  89  89  88  82  70  67  60  74  
Mean 3pm relative  humidity - %  62  54  61  68  76  86  90  88  78  66  67  61  72  
Mean 9am wind speed - km/h 10.5 9.6 8.7 13.7 13.4 12.4 15.2 15.8 16.6 15.4 14 13.6 13.4 
Mean 3pm wind speed - km/h 10.9 9.4 10.4 12 13.6 11.6 12.6 14.2 15.9 13.4 14.3 12.7 12.7 
Mean monthly rainfall - mm 98.4 65.3 124.4 121.1 161.3 195.3 204.1 256.9 245.4 214.1 139.9 121.9 1947.9 
Highest monthly rainfall - mm 182.5 158.6 446.8 278.4 331 580 445 699 489 411.2 292 238 
Lowest monthly rainfall - mm 23 5 26.9 17.1 33.9 54 37 20.3 82.7 65 22 26.1 
Highest recorded daily rainfall - mm 78.4 40 162 127 108 76 93 109 91 97 75 70 162 
Mean no. of raindays 8.9 7.7 10.2 11.5 12.8 14.8 14.8 15.5 15.5 14 12.9 10.1 148.7 
Mean no. of cloudy days 6.7 6.7 8.7 10 12.5 13.3 14.5 14.2 13.1 11.2 9.3 7.6 127.9 

sh
er

 V
al

le
y

Mean no. of clear days 7.1 7.5 7.4 8.7 7.3 8.3 8.6 8.5 7.8 6.8 4.7 4.8 87.7 
Mean daily maximum temperature - deg C 18.2 18.3 15.1 11.3 7.8 3.8 2.3 3.3 5.7 9.4 13.3 15.1 8.8 
Mean daily minimum temperature - deg C 5.7 5.8 3.7 1 -1.3 -3.7 -5.1 -4.3 -2.2 0.3 2.1 4.2 -0.4 

Pe
ri Highest daily Max Temp - deg C 35 26.5 25 22 17.4 19 10 13 14.5 21 25.2 25 35 

Lowest daily Min Temp - deg C -5 -7 -5.5 -11.3 -9.5 -18 -19.5 -15 -12.2 -10.8 -8.5 -5.9 -19.5 
Mean no. of days where Min Temp <= 0.0 deg C 2.7 2.4 5.4 13.3 18.9 25.7 28.9 26.9 22 15.4 8.8 3.3 173.8 
Mean 9am relative  humidity - %  61  59  64  64  76  87  88  85  76  65  59  54  72  
Mean 3pm relative  humidity - %  51  49  57  62  72  80  86  80  74  64  55  50  68  
Mean 9am wind speed - km/h 11.3 9 9.4 10.3 10.5 13.3 15.7 16.6 15.9 13.8 11.2 11.5 12.6 
Mean 3pm wind speed - km/h 11.6 9.8 10 9.7 11.1 13.8 15 16 15.5 13.4 11.4 11.7 12.7 

Station Element Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Mean monthly rainfall - mm 103 91.9 124.1 118.3 141.2 85.8 130.2 134 150.8 168.3 162.4 111.1 1521 
Highest monthly rainfall - mm 200.6 246.5 246.5 349.5 283.2 269.5 368.4 318.2 362 316 312.6 240.3 

Th
re

db
o 

Vi
lla

ge
 

Mean monthly rainfall - mm 110.2 84.7 115 118.6 173.4 160.1 160.1 184.5 211.2 207.9 158.6 118.7 1802.9 
Highest monthly rainfall - mm 269.2 272.3 303.2 305 341.7 496.2 470.4 380.7 375.3 396.7 346.2 216.6 
Lowest monthly rainfall - mm 23 6.9 21 8.2 25.2 39.6 30.3 46.9 67.2 22.8 35.4 7.2 
Highest recorded daily rainfall - mm 89.5 73.9 127 88 86.2 80 137 73.4 125 109 124 78.8 137 
Mean no. of raindays 11.1 10 11.3 12.3 15 15.6 16.3 17.1 17.8 15.7 14.9 11.6 168.7 
Mean no. of cloudy days 9.6 8.9 9.3 11.3 13.4 11.9 13 14.3 12.9 10.9 11.3 9.8 136.6 
Mean no. of clear days 9.6 9 8.9 8.7 7.4 6.7 7.4 7.4 6.4 5.7 6.1 8.8 92 
Mean daily maximum temperature - deg C 20.8 20.6 18 13.7 10 6.3 5.1 6.3 9.6 12.9 15.8 18.9 14 
Mean daily minimum temperature - deg C 6.8 6.7 4.4 1.7 -0.5 -2.8 -3.9 -2.3 -0.7 1.3 3.3 5.1 2 
Highest daily Max Temp - deg C 31 30.5 28.5 21.8 19.6 15.3 13 15.5 19.6 24.1 34 32 34 
Lowest daily Min Temp - deg C -4.4 -5.2 -6.1 -8 -9.5 -12.2 -12.8 -12.4 -9.4 -9.1 -7.1 -6.2 -12.8 
Mean no. of days where Min Temp <= 0.0 deg C 1.7 1.2 4.1 11.8 16.9 21.8 23.3 23.3 17.1 11.8 6.8 3 142.8 
Mean 9am relative  humidity - %  66  73  67  70  75  81  82  77  65  58  60  57  68  
Mean 3pm relative  humidity - %  52  53  54  59  64  72  73  66  59  55  53  48  58  
Mean 9am wind speed - km/h 6.1 4.8 5.8 6.8 6.8 6.6 7.5 7.4 8.3 9.1 7.8 7.7 7 
Mean 3pm wind speed - km/h 9.5 9.3 9.2 9.5 9.3 8.1 9.1 8.2 9.1 9.4 9.7 10.3 9.3 
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Figure A 1 Annual climate averages from the weather stations closest to the Kosciuszko 

alpine zone: (a) mean air temperature, (b) mean annual precipitation. 
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Figure A 2 Snow depth at selected snowcourses. Data by Snowy Hydro (2003). 
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APPENDIX II 


PART A 


DIAGRAMS OF TALL ALPINE HERBFIELD SECTIONS 

ALONG THE KOSCIUSZKO LONG-TERM VEGETATION 

TRANSECTS IN THE ALPINE ZONE OF KOSCIUSZKO 

NATIONAL PARK 

- 1959 TO 2002 -
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Figure A 3 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 89, and (b) section 90. Both sections were classed as tussock in 1959 (D. Wimbush, 

pers. comm. 1999). 
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Figure A 4 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 91, and (b) section 92. Both sections were classed as tussock in 1959 (D. Wimbush, 

pers. comm. 1999). 
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Figure A 5 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 93, and (b) section 94. Both sections were classed as tussock in 1959 (D. Wimbush, 

pers. comm. 1999). 
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Figure A 6 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 95, and (b) section 96. Both sections were classed as tussock in 1959 (D. Wimbush, 

pers. comm. 1999). 
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Figure A 7 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 97, and (b) section 98. Both sections were classed as tussock in 1959 (D. Wimbush, 

pers. comm. 1999). 
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Figure A 8 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 100, and (b) section 101. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 9 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 102, and (b) section 103. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 10 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 104, and (b) section 105. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 11 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 106, and (b) section 107. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 12 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 108, and (b) section 109. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 13 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 111, and (b) section 112. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 14 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 113, and (b) section 114. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 15 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 115, and (b) section 116. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 16 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 117, and (b) section 118. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 17 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Kosciuszko in the alpine zone of Kosciuszko National Park: (a) section 119, and (b) section 120. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 18 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 123, and (b) section 131. Both sections were classed as bare in 1959 (D. Wimbush, 

pers. comm. 1999). 
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Figure A 19 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 125, and (b) section 130. Both sections were classed as intertussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 20 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 126, and (b) section 127. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 21 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 128, and (b) section 129. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  

266




(a) 

� 

� 

	 


 

� 

� 

� 

� 

(b)  

� 

� 

� 

� 

� 

� 

� 

Legend 

bare ground 

club moss 

litter 

matt 

rush 

rock 

sedge 

short grass 

short herb 

small moss 

sphagnum 

short shrub 

tall grass 

tall herb 

tall shrub 

watercourse 

Figure A 22 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 133, and (b) section 134. Both sections were classed as intertussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 23 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 135, and (b) section 139. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 24 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 140, and (b) section 141. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 25 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt


Gungartan in the alpine zone of Kosciuszko National Park: section 142. This section was classed as tussock in 1959 (D. Wimbush, pers. comm. 1999).  


270




(a) 

� 

� 

	 


 

� 

� 

� 

� 

(b)  

� 

� 

� 

� 

� 

� 

� 

Legend 

bare ground 

club moss 

litter 

matt 

rush 

rock 

sedge 

short grass 

short herb 

small moss 

sphagnum 

short shrub 

tall grass 

tall herb 

tall shrub 

watercourse 

Figure A 26 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 144, and (b) section 148. Both sections were classed as intertussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 27 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 145, and (b) section 146. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 28 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 147, and (b) section 149. Both sections were classed as tussock patch in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 29 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 150, and (b) section 151. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 30 Diagram of vegetation succession from 1959 to 2002 in tall alpine herbfield vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 152, and (b) section 153. Both sections were classed as tussock in 1959 (D. 

Wimbush, pers. comm. 1999).  
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Figure A 31 Diagram of vegetation succession from 1959 to 2002 in snow patch vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 122, and (b) section 136. Both sections were classed as depleted snow patch in 1959 

(D. Wimbush, pers. comm. 1999).  
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Figure A 32 Diagram of vegetation succession from 1959 to 2002 in snow patch vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: section 124. This section was classed as snow patch in 1959 (D. Wimbush, pers. comm. 1999). 
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Figure A 33 Diagram of vegetation succession from 1959 to 2002 in groundwater vegetation on 15.25 m sections along permanent transects near Mt 

Gungartan in the alpine zone of Kosciuszko National Park: (a) section 137, and (b) section 138. Both sections were classed as depleted groundwater in 

1959 (D. Wimbush, pers. comm. 1999). 
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