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Abstract. Patterns in species density and richness per altitudinal interval have been 

found when sampling across plant community boundaries, including in the largest 

contiguous alpine area in Australia. To see if similar patterns occur within a single 

community, vascular plant composition was systematically sampled with replicate 

nested quadrats of increasing size (0.01, 0.06, 0.25, 1.00, 4.00, 25.00, 49.00 and 100-

m2 size) sampled from ~1850 to 2100 m altitude in tall alpine herbfield, Australia. 

The only significant relationships with altitude were quadratic relationships for the 

density of herb and graminoid species, with peak density at mid-altitudes and a linear 

decline in total species richness with altitude for 0.06 m2 quadrats. The composition of 

100 m2 quadrats was unrelated to altitude when tested using Analysis of Similarity for 

total composition, whereas the relationship was significant for growth-forms and the 



origin (local endemics, Australia endemics and weeds) of species. Location data from 

this, and 11 other studies were used to compare the species richness of more of the 

flora (183 species) using 50-m altitudinal bands. There were significant quadratic 

relationships for total species richness and the number of herb and shrub species with 

a peak in richness around 2000 m. Therefore altitude does affect species richness 

overall in this alpine region, but only has a weak effect on species density within the 

most common plant community.  

 

Introduction 

 

Change in species richness with altitude has been found in many high altitude regions 

around the world. It has been found to apply at a range of spatial scales including for 

whole floras, across different elevation zones (subalpine, alpine and nival), for 

elevation bands (Odland and Birks 1999; Austrheim 2002; Bhattarai and Vetaas 2003) 

and for plots of a fixed scale (species-density, Sklenar and Ramsay 2001; Austrheim 

2002; Bhattarai and Vetaas 2003; Grytnes 2003). It has been found to occur for all 

species (Grabherr et al. 1994; Austrheim 2002; Bhattarai and Vetaas 2003; Grytnes 

2003), for native flora (Mallen-Cooper and Pickering 2008a, 2008b; Pickering et al. 

2008) and for weeds (Bhattarai and Vetaas 2003; Mallen-Cooper and Pickering 

2008a, 2008b).  

Where species richness has varied systematically with elevation, it has usually 

been in the form of a monotonical decline with altitude (Rahbek 1995, 2005; Grabherr 

et al. 1994; Körner 2003; Nagy et al. 2003; Nogues-Bravo et al. 2008), or more 

commonly as a humped relationship where species richness peaks at mid-elevations 

(Rahbek 1995, 2005; Lomolino 2001; Sklenar and Ramsay 2001; Holton 2003; 



Nogues-Bravo et al. 2008). In alpine regions, a linear decline in vascular plant species 

richness measured both cumulatively and in 100-m altitude bands has been found in a 

range of different mountain systems (Grabherr et al. 1994; Austrheim 2002; Körner 

2003; Nagy et al. 2003). Humped patterns have also been recorded, particularly where 

sampling included lower altitude sites (Odland and Birks 1999; Bhattarai and Vetaas 

2003). Some studies have examined species density (number of species for plots of 

fixed size) in mountain regions. These studies have found linear (Nagy et al. 2003; 

Grytnes 2003; Mallen-Cooper and Pickering 2008a,b) or humped relationship 

(Sklenar and Ramsay 2001; Austrheim 2002; Bhattarai and Vetaas 2003; Grytnes 

2003; Grytnes et al. 2008). 

Pattern in species richness measured either for altitudinal intervals or species 

density with altitude are attributed to a range of factors acting independently or in 

concert (Nogues-Bravo et al. 2008). Altitudinal gradients are surrogates for changes 

in a range of factors that can affect species density (Grytnes 2003; Kessler 2009). 

With increasing altitude there is often a change in total land area, environmental stress 

including climatic factors such as temperature, duration of snow cover etc, 

disturbance, competition, and historical and evolutionary factors associated with 

isolation (Rahbek 1995; Lomolino 2001; Körner 2002, 2003; Bhattarai and Vetaas 

2003; Grytnes 2003; Kessler 2009).  

Where there are transitions between different plant communities, including 

between such clear zones as montane to subalpine and subalpine to alpine there may 

be peaks in species density as species characteristic of the different communities may 

co-occur in the transition zone (Lomolino 2001; Grytnes et al. 2008). Where sampling 

extends from alpine into nival zones, there can be linear declines in species richness 



due to declines in the density of plants in the transition zone between alpine and nival 

areas (Grabherr et al. 1994; Körner 2003). 

If variation in land area among elevation bands is contributing to patterns in 

species richness the pattern should apply to total richness per altitude interval for 

different species groups but not necessarily to species-density at a more local scale 

(Lomolino 2001; Grytnes 2003). Variations in climate, soils and disturbance over an 

elevation gradient can affect species density at a local scale, and are hard to tease 

apart (Lomolino 2001; Sklenar and Ramsay 2001; Austrheim 2002; Grytnes 2003). 

These factors may result in declines, or humped relationships depending on the 

elevation pattern in these potential sources of ‘environmental stress’ and the life form 

of the plants (Lomolino 2001; Bhattarai and Vetaas 2003). Speciation, dispersal and 

extinction can also affect species density. Dispersal limitation and source-sink effects 

can result in humped  or linear relationships where mid-elevations receive propagules 

from species growing at higher and lower elevations, while those near the top of 

mountains may receive propagules from lower altitudes but not higher (Grytnes et al. 

2008; Kessler 2009). As a result the diversity of weeds and other lowland species may 

decrease with increasing elevation; while there can be a concomitant increase in 

endemic species (Lomolino 2001; Austrheim 2002).  

As part of a process of examining patterns of species richness over elevational 

gradients, we wanted to determine whether there was a pattern in species density 

within a singe plant community, compared to among plant communities as is more 

commonly examined. Therefore we looked at elevation patterns in the most common 

vegetation community in the largest contiguous alpine region (~100 km2), with the 

largest altitudinal range (1850 to 2228 m), in Australia: tall alpine herbfields in the 

Kosciuszko alpine area in south-eastern Australia. 



To address issues associated with sampling artefacts, vascular plant species density 

and composition was assessed using a spatially and temporally standardised and 

systemic protocol (Rahbek 1995; Lomolino 2001; Bhattarai and Vetaas 2003; Grytnes 

2003). Species density and composition was sampled at a range of spatial scales (0.1-

m2 to 100-m2 quadrats). We sampled over a 250-m altitudinal range, nearly the entire 

elevational gradient of this community. We tested if any pattern found with altitude 

applied to the different spatial scales tested, to all species, to different growth-forms 

(herbs, graminoids and shrubs) and to species with different origins (local endemics, 

Australia endemics and weeds). We hypothesised that species richness would 

decrease with altitude, as has been found in studies in the same region that sampled 

species richness across plant community boundaries (McDougall et al. 2005; Mallen-

Cooper and Pickering 2008a, 2008b; Pickering et al. 2008). We also hypothesised 

that any pattern found would vary with the growth-form and origin of species, with 

weeds being more common at lower altitude, and local endemics more common at 

higher altitudes.  

To test whether species richness of a larger range of species from this alpine region 

also varied with altitude, information on the location of individual species in 

Kosciuszko alpine area from this and eleven other studies was converted into species 

richness estimates per elevational band and analysed. 

 

Materials and Methods 

 

Study site 

The alpine region around Mt Kosciuszko (~100 km2) in the Snowy Mountains is part 

of the Australian Alps, the highest peaks in continental Australia that occur in south-



eastern Australia. The alpine area around Mt Kosciuszko extends from the natural 

climatic tree-line at approximately 1850 m to the top of Mt Kosciuszko, continental 

Australia’s highest mountain, at 2228 m (Costin et al. 2000). Biologically this area is 

diverse containing 204 species of native angiosperms, around 30 of which are 

exclusively alpine and 21 endemic to this alpine region alone (Costin et al. 2000). 

Although at least 46 species that are not native to Australia have been recorded in the 

region (Johnston and Pickering 2001), only fourteen are considered well established 

environmental weeds (Costin et al. 2000; Pickering and Hill 2007).  

The climate is characterised by mean mid-summer temperatures of approximately 

10ºC. Annual precipitation ranges from 1800 mm to 3100 mm, about 60% of which 

falls as snow in winter (Costin et al. 2000). Snowfalls generally persist for four 

months, although semi-permanent snow patches on the leeward side of ridges can 

persist well into summer and even into the next snow season (Costin et al. 2000). 

Frosts are also common, with the alpine region experiencing sub zero temperatures 

throughout the year (Costin et al. 2000).  

Within the Kosciuszko alpine area climatic conditions vary depending on altitude, 

topography and aspect (Green and Pickering 2009; Pickering and Green 2009). This 

includes sites that support different plant communities such as tall alpine herbfield, 

short alpine herbfield and snowbank feldmark associated with late lying snowpatches 

(Green and Pickering 2009, In Press). Variation can even occur among sites that 

support the same plant community. Along a gradient of summits used for long term 

monitoring that supported tall alpine herbfields, soil temperatures were on average 

0.7oC colder, the growing season was 19 days shorter and the date of thaw 26 days 

later for high altitude plots (2144 m) than those at lower altitudes (1984 m) (Pickering 

and Green 2009). 



The soils of the Kosciuszko alpine area consist of an almost complete layer of 

humus and associated organic soils except in rocky areas, scree slopes, or areas still 

affected by past grazing (Costin et al. 2000). The soil is also rich in organic matter 

and deeper than those found in mountain regions in other parts of the world, although 

low in available nutrients due to low pH ranging from 4 to 6 (Costin et al. 2000).  

Cattle and sheep grazing in the summer in the alpine area from the late 1850s until 

as late as the 1950s resulted in massive soil erosion. As a result some areas were 

actively rehabilitated (Green et al. 2005). Currently there are few grazing mammals, 

principally introduced hares and the vole-like broad toothed rat (Green and Osborne 

1994). 

 

Systematic sampling within tall alpine herbfield 

Tall alpine herbfield is a highly diverse community (120 species) dominated by an 

alliance of native snow grasses (Poa sp.) and silver snow daisies (Celmisia 

costiniana) (Costin et al. 2000). It is the most common community in the alpine area 

(5341 ha, ~55% of the alpine area) and can be found from the tree line to just below 

the top of Mt Kosciuszko giving it the greatest altitudinal range of any alpine 

community (Costin et al. 1979, 2000). It occurs on most sites in the alpine area, 

except for areas of persistent snow cover, high wind exposure, waterlogged or very 

stony soils (Costin et al. 2000).  

A total area of 2900 m2 of tall alpine herbfield was sampled consisting of 29 sites 

selected using a stratified random sampling design. Using a topographic map 

(Perisher Valley 8525-2S First Edition, 1: 25 000, Land and Property Information 

NSW 2001) and a random number table, sites were randomly located along the 50 m 

contour intervals between 1850 and ~2100 m altitude such that there were at least four 



sites in tall alpine herbfield at each 50 m elevation interval spread out over the whole 

alpine area (Fig. 1, Table 1). At each site altitude, aspect, slope and bare ground were 

recorded. Altitude was measured using Global Positioning System, aspect measured 

using a compass and slope measured using clinometers. Aspect was converted into a 

scale ranging from 0 to 1 using an absolute cosine conversion. Bare ground was 

visually assessed and ranked on a scale from 0 to 10 based on an estimate of the area 

of bare ground, where a score of 1 represented 10% site bare ground. Species 

composition was recorded at each site within nested quadrats of 0.01, 0.06, 0.25, 1.00, 

4.00, 25.00, 49.00 and 100-m2 size. The presence of every new species detected was 

consecutively recorded from the smallest to largest sized quadrat.  

The growth form (herb, grass, rush, matt, sedge, shrub, small shrub and cushion) 

and origin (endemic to this alpine region, also occurs in the ACT, in Victoria, in 

Tasmania, and in New Zealand, or is a weed) of each species were identified using 

data from most recent flora of the region (Costin et al. 2000). For four genera 

(Isolepis, Prasophyllum, Agrostis and Scleranthus), it was not always possible to tell 

species apart relying solely on vegetative characteristics, therefore they were only 

included at the level of genera in the analysis.   

 

Analysing species richness within tall alpine herbfield  

The relationship between size of quadrats (area) and total species richness within tall 

alpine herbfield was tested statistically using linear and quadratic regression models 

in the statistical package SPSS (2006). Ordinary least squares regression was used as 

it is recommended as a more appropriate method for analysing species richness data 

than generalised linear models (Gillman and Wright 2006). 



Regressions were performed on total species density at each of the different spatial 

scales sampled (0.01-m2 to 100-m2 quadrats). Species density of different growth-

forms and origins for 100-m2 were analysed. For growth-forms, regressions were 

performed on the total number of herb species (herbs, mat, and cushion plants 

combined), graminoids (grasses, sedges and rushes combined) and shrub species 

(shrubs and subshrubs combined). For the species origin data, regressions were 

performed using a arcsine square-root transformations on the proportion of local 

endemics, proportion of species endemic to Australia (e.g. not weeds, not also found 

in New Zealand) and proportion of species that were weeds.  

To see whether there was a pattern for total species richness across altitudinal 

intervals, data for four 100-m2 quadrats (randomly selected when more than four 

quadrats sampled per interval) were pooled for each altitudinal interval.  These data 

were also analysed using linear and quadratic regressions.   

To determine whether there were differences in the plant composition of quadrats 

with altitude, plant composition was analysed using ordinations performed in the 

multivariate statistical package PRIMER (version 5.2.2, and 6, Clarke and Gorley 

2006). First dissimilarity matrices were calculated by the Bray-Curtis dissimilarity 

measures separately for plant composition (presence/absence all species in a 10 m2 

quadrat), growth-forms and origin of species. Then non-metric multidimensional 

scaling (MDS) were used to graphically describe the maximum variation among 

quadrats in two dimensions (MDS axis 1 and 2) with the closeness of fit of the MDS 

axes to the dissimilarity matrix expressed in terms of stress. This type of ordination 

has produced reliable, simple and statistically significant analyses of a wide range of 

ecological community data and is commonly used to analyse composition data 

(Clarke 1993; Clarke et al. 2006). To determine whether there were significant 



differences among the six altitudinal bands for each of the three ordinations a One-

Way Analysis of Similarity (ANOSIM) was performed for the plant ordinations. 

ANOSIM is a non-parametric permutation procedure applied to the rank dissimilarity 

matrix that is analogous to Analysis of Variance (Clark 1993). 

 

Species richness vs altitude in the Kosciuszko alpine area 

Existing data on the composition of different sized quadrats contained in published 

and unpublished studies available to the authors (Table 2), were used to estimate 

species richness for a larger range of species from the native and weed flora of the 

Kosciuszko alpine area in 50 m elevation bands (1850-2050 m). Over 9000 separate 

records of occurrence (species * location) were obtained over the 6.2 ha of the alpine 

area sampled giving information on the location of 183 species. However, sampling 

effort was not consistent, with quadrats of different size used, quadrats were not 

randomly located across the whole area, the area sampled was not consistent among 

the altitudinal bands and sampling was not representative of the relative area occupied 

by the different communities. The growth form (herb, graminoid or shrub), origin 

(endemic to this alpine region, endemic to Australia, native but not included in the 

Kosciuszko alpine flora, or is a weed), was obtained from most recent flora of the 

region (Costin et al. 2000) and the online Flora of New South Wales (PlantNet 2005). 

Using this data for the Kosciuszko alpine area, linear and quadratic regression 

models in the statistical package SPSS (2006) were used to test the relationship 

between altitude and total, local and Australian endemics, weeds, shrubs, herbs and 

graminoids species richness across the six altitudinal bands.  

 

Results 



Species richness within tall alpine herbfield  

In all, 88 vascular plant taxa were recorded in the 2900 m2 area of tall alpine herbfield 

sampled. This is 43% of the total vascular flora recorded in 0.029% of the total 

Kosciuszko alpine area (Tables 1 and 3). Most were herbs (56), with graminoids the 

next most common growth form (18). They represent 28 families, with Asteraceae the 

most species rich family (Table 3). Eight species endemic to this alpine area of ~100 

km2 were recorded, representing approximately 50% of the local endemic species. All 

but eleven of the species were endemic to Australia, with eight Australian natives also 

native in New Zealand, and three species naturalised weeds from Europe (Acetosella 

vulgaris, Sheep Sorrel, 17 sites, Hypochaeris radicata, Catsear, four sites and 

Taraxacum officinale, Common Dandelion, one site). Native species that occurred in 

nearly all quadrats included the grasses Rytiosperma nudiflorum, Poa fawcettiae, and 

Poa costiniana, and the two herbs Celmisia costiniana and Microseris lanceolata. 

Most species were uncommon with 36 species occurring in three or less sites. 

Species density varied with the area sampled (Fig. 2) increasing from 2.5 ± 0.2 per 

0.01-m2 to 24.0 ± 1.0 per 100-m2. There was a significant power relationship between 

area and species density (F = 1351.3, P < 0.001, r-squared = 0.86), with only a slight 

increase in species density in quadrats > 25-m2.   

There was no significant linear or quadratic relationship with altitude for total 

species density, number of shrubs, graminoids and herbs, proportion of local 

endemics, proportion of weeds, and proportion of Australian endemics for the 100-m2 

quadrat data (Table 4). There were significant quadratic relationships for number of 

herb species (P = 0.017), and number of graminoids (P = 0.045) with altitude, with 

peak density at 1950 m (Tables 4 and 5, Fig. 3). The relationship was not close, with 



low r-squared values (0.27 for herbs, and 0.21 for graminoids) reflecting the large 

variation in density within each altitude band.  

There was no significant relationship for the total richness per altitudinal interval. 

At spatial scales > 100-m2 there was no significant relationship between species 

richness and altitude (Table 5). There was a linear decline in total species density with 

altitude (P = 0.038, r-squared = 0.15) for the 0.06-m2 quadrats (Table 4). 

There was no significant difference in the composition of the 100-m2 quadrats 

based on the altitude of a site (One-Way Analysis of Similarity results of MDS on 

composition Rho = 0.05, P = 0.241, Fig. 4a). There was a difference in growth-forms 

(Rho = 0.13, P = 0.037, Fig. 4b), and the distribution of species (Rho = 0.17, P = 

0.026, Fig. 4c). These patterns appeared to be due to differences between the mid-

elevation quadrats and those at higher, and, in some cases, lower elevation quadrats 

(Table 6). For growth-forms the altitudinal effect appeared to be associated with high 

herb species richness, but lower shrub richness at the mid-altitudinal bands compared 

to quadrats at lower and higher altitudes. For the distribution data, the pattern seemed 

to be driven by a few species in common with Victoria, the ACT and Tasmania in 

several of the quadrats sampled at 2000, 2050 and 2100 m altitude, but not due to 

differences in the number of weeds and local endemic species. 

 

Species richness vs altitude for the Kosciuszko alpine area 

Location data for 183 species (9094 separate records) of plants in the Kosciuszko 

alpine area was obtained from 12 published and unpublished studies. It provides data 

on 78% of the native alpine flora of the area, including 19 local endemics as well as 

data on 11 weed species. Sampling effort was not even over the altitudinal ranges 

with the area sampled ranging from 562 m2 for the 1850-1899 m band to 16852 m2 for 



the 2050-2099 m band. In comparison to the area occupied by each community 

(Costin et al. 1979), the data under samples heaths, bogs and fens, and over sampled 

tall alpine herbfield and windswept feldmark. 

There were no significant linear relationships with altitude for any of the measures 

of species richness, and no significant quadratic relationship for graminoids and 

herbs, proportion of local endemics, proportion of weeds, and proportion of 

Australian endemics. There were significant quadratic relationships with high r-

squared values for total species richness (P = 0.035, r-squared= 0.89), herbs (P = 

0.027, r-squared = 0.91) and shrubs (P = 0.038, r-squared = 0.89) with peaks in 

richness in the 2000-2049 m band.  

 

Discussion 

This study found some significant humped relationships between different 

measures of species richness and altitude for the whole flora and within the most 

abundant community, tall alpine herbfield. For the whole flora, the relationships had 

high r-squared values (> 0.8), while for tall alpine herbfield the r-squared values were 

low (>0.3) indicating that the relationships that were found were weak. Sampling all 

communities using a large number of stratified randomly located quadrats of 

consistent size with shorter altitudinal intervals but over a longer total altitudinal 

range would allow more robust testing of these results. Currently it appears that for 

the whole flora there is a clear pattern of high species richness and density for herbs 

and shrubs, but not graminoids with a peak around 1950-2050 m. For tall alpine 

herbfields there may be an effect, but it does not explain much of the variation in 

species richness found among sites within the community. 

 



 

Sampling across plant community boundaries, as occurred here for the whole flora 

can detect changes in species richness due to the presence of an ecotone where the 

community boundary reflects clear differences in environmental conditions. This may 

result in increased species density in the ecotone as species from both communities 

may be able to grow (Lomolino 2001; Grytnes 2003). This can result in a humped 

relationship across the boundary.  

Changes in species richness with altitude when sampling across community 

boundaries was already found for much shorter altitudinal gradients in the Kosciuszko 

alpine area in some of the individual studies used here to compare richness for the 

whole flora. For example, three separate studies have examined patterns in species 

density along much shorter altitudinal gradients below late lasting snowpatches in the 

Kosciuszko alpine area (Atkin and Collier 1992; Campbell 2004; Green and Pickering 

In Press). All three found changes in species richness with elevation and that this 

appears to be related to the duration of snow cover, and changes in soils. For example, 

when the composition of vegetation, soil temperatures and chemistry was sampled 

under seven late lying snowpatches, species density increased from the middle of very 

late lying snowpatches down slope as the duration of snow cover declined and soils 

became deeper (5 x 1-m2 quadrats, Green and Pickering In Press). These changes in 

species density and composition were associated with the transitions between areas of 

tall alpine herbfield, short alpine herbfield and snowpatch feldmark plant 

communities. 

The humped pattern for the whole flora might also be due to more plant 

communities occurring at mid-elevations. Heaths, bogs and fens tend to occur on 

lower slopes and/valley floors in the Kosciuszko alpine area, while short alpine 



herbfields and snowbank feldmark occur at mid to high altitudes, with windswept 

feldmark restricted to top of ridges (Costin et al. 2000). As a result, mid to higher 

altitudinal bands (1950-2050 m) might include species characteristic of several 

communities, while lower altitude bands will be unlikely to contain snowpatch or 

windswept feldmark specialist species, and higher altitude sites unlikely to contain 

bog and heath specialists.  

By sampling among communities in the Kosciuszko alpine area, rather than just 

within tall alpine herbfield, it was possible to sample sites that differ in growing 

conditions. Tall alpine herbfield does not occur where snow cover was very shallow 

(ridges with windswept feldmark) or very deep (lee of ridges with short alpine 

herbfield and snowbank feldmark) or where soils were very wet (valley bogs with 

fens and bogs). All these sites are characterised by more severe growing conditions 

for plants and less diverse plant communities (Costin et al. 2000).  

Changes in environmental conditions among sites in alpine environments can 

result in changes in stress, competition and facilitation experienced by plants, and 

hence results in variation in species richness among sites (Michalet et al. 2002). It 

may explain humped-back species richness patterns over environmental gradients in 

alpine environments (Kikvidze et al. 2005; Michalet et al. 2006), such as was 

observed here. Competitive species are predicted to dominate at lower altitude, low 

environmental stress sites. In the middle of the gradient at mid-levels of 

environmental stress, competitive species are still present, but stress-tolerant species 

are dominant. In the highest part of the gradient, where environment stress is highest, 

only stress tolerant species are present. Facilitation benefits species in the middle of 

the gradient, but becomes less important in high environmental stress sites.  



Although a humped relationship was found for the whole Kosciuszko alpine flora, 

sampling over a larger altitudinal range may produce other patterns. Other studies in 

the Snowy Mountains and other parts of the Australian Alps which examined changes 

in exotic species richness for larger altitudinal bands (montane, subalpine alpine, 

Johnston and Pickering 2001) or species density (McDougall et al. 2005; Mallen-

Cooper and Pickering 2008a, 2008b) that included subalpine vegetation found a 

decline in diversity with increasing altitude. Declines in species density of exotic 

plants occurred for quadrats along roadsides (Mallen-Cooper and Pickering 2008a, 

2008b) and in native vegetation (McDougall et al. 2005; Mallen-Cooper and 

Pickering 2008a, 2008b) indicating that the pattern may not be dependent on the 

extent of disturbance, but may be due to changes in climatic conditions. 
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Table 1. The altitude, slope, aspect and level of bare 
ground of 29 sites in the tall alpine herbfield of the 

Kosciuszko alpine area 
Altitude 

(m) 
Slope 

(Degrees) 
Aspect  

(Absolute Cosine  
Degrees North) 

Bare 
ground 

1834 7 0.132 1 
1843 3 0.873 1 
1852 5 0.044 1 
1852 7 0.598 1 
1852 13 1 1 
1884 7 0.598 0 
1894 7 0.132 3 
1899 0 0.525 1 
1900 20 0.598 1 
1904 5 0.132 1 
1934 7 0.945 3 
1944 5 0.044 3 
1947 13 0.525 2 
1962 5 0.132 1 
1996 8 0.827 5 
2000 0 0.525 3 
2001 5 0.945 0 
2001 5 0.598 0 
2001 5 0.044 2 
2002 7 0.945 0 
2042 7 1 3 
2047 8 0.913 3 
2047 7 0.044 2 
2049 5 0.827 2 
2052 5 1 0 
2099 5 0.827 4 
2102 5 0.913 2 
2107 5 0.827 0 
2201 5 0.044 2 

 



Table 2. Sources used to assess species richness in elevation bands based on data for the location of individual species in the Kosciuszko 
alpine area 

 Records Quadrats Communities Area (m2) sampled in each 50-m altitudinal band 
Data source # Size (m) # sampled 1850 1900 1950 2000 2050 2100
Totals 9094   562 13367 14246 2384 16852 14538
Original data set 697  TAH 400 400 400 400 400 400
Green and Pickering unpublished data 193 1 m2 15 TAH    16 14  
Pickering et al. (2008).  823 Summit areas 4 TAH  12355 11411  11569 12303
Green and Pickering (In Press)  427 1 m2 83 SFM, SAH, TAH    21 35 27
Scherrer and Pickering (2006)  219 1 m2 22 TAH    4 12 6
Scherrer (2003) 2000 152.5 * 0.2 6 TAH  6 3 9   
Pickering and Hill unpublished data 1380 30 * 20 18 WFM, TAH, Heath  600 2400 1800 4800 1800
Growcock (2005) 88 3 * 1.5 5 TAH 9 4.5 9.5
Campbell (2004) 2304 0.5 * 0.3 140 TAH, SAH, SFM    6.9 11.86 2.25
Hill and Pickering (2006) 556 0.5 *1.5 30 TAH 3 1.5 22.5 7.5 10.5  
Mallen-Cooper and Pickering (2008)  41 6 * 20 2 TAH, Heath 120 120
Pickering data 366 1 m2 30 TAH 30



 
Table 3. Vascular plant species recorded in 29 sites of tall alpine 

herbfield sampled over an altitudinal gradient in the Snowy 
Mountains 

H = Herb, G = Grass, Sh = Shrub, SSh = Small Shrub, S = Sedge, M = Matt, C = 
Cushion; Dist. = Distribution within V = Victoria, A = Act, E = Endemic to localised 
alpine area around Mt Kosciusko, T = Tasmania, W = weed, N = New Zealand, U = 
Unknown; Freq. = Number of sites recorded in. Taxonomy according to Costin et al. 
(2000) 
Species Family Life Form Dist. Freq. 

Acetosella vulgaris Polygonaceae H W 17 
Aciphylla glacialis Apiaceae H V 2 
Aciphylla simplicifolia Apiaceae H A V 5 
Agrostris meionectes Poaceae G V 2 
Agrostis muelleriana Poaceae G V T N 5 
Agrostis sp. Poaceae G V T 1 
Asperula gunnii Rubiaceae H A V T 14 
Astelia alpina Liliaceae H V 2 
Astelia alpina var. novae-hollandiae Liliaceae H V 1 
Astelia psychrocharis Liliaceae H E 1 
Baeckea gunniana Myrtaceae Sh A V T 2 
Brachyscome scapigera Asteraceae H A V 11 
Brachyscome sp. aff. tadgellii Asteraceae H V 2 
Brachyscome spathulata Asteraceae H A V 7 
Cardamine robusta Brassicaceae H E 3 
Carex breviculmis Cyperaceae S A V T N 24 
Carex gaudichaudiana Cyperaceae S A V T N 14 
Carex hebes Cyperaceae S A V 4 
Celmisia costiniana Asteraceae H V 28 
Chionochloa  frigida Poaceae G E 1 
Chionogentias muelleriana Gentianaceae H E 12 
Craspedia costiniana Asteraceae H E 23 
Craspedia lamicola Asteraceae H V 11 
Craspedia maxgrayi Asteraceae H V 17 
Craspedia sp. B Asteraceae H  2 
Dichosciadium ranunculaceum Apiaceae H E 1 
Diplaspis nivis Apiaceae H V 1 
Empodisma minus Restionaceae R A V T N 15 
Epacris glacialis Epacridaceae SSh V 4 
Epacris microphylla Epacridaceae SSh 5 
Erigeron bellidioides Asteraceae H A V T 9 
Erigeron nitidus Asteraceae H A V 8 
Erigeron setosus Asteraceae H E 1 
Euchiton argentifolius Asteraceae M/H V T 15 
Euchiton fordianus Asteraceae H V T 1 
Euchiton nitidulus Asteraceae M/H V N 4 
Euphrasia collina subsp. diversicolor Scrophulariaceae H V 21 
Ewartia nubigena Asteraceae M/Sh V 2 
Gonocarpus montanus Haloragaceae H A V T N 1 
Grevillea australis Proteaceae Sh A V T 4 
Hypochaeris radicata Asteraceae H W 4 



Isolepis sp. Cyperaceae S A V T N 6 
Kunzea muelleri Myrtaceae SSh A V 1 
Leptorhynchos squamatus Asteraceae H A V T 4 
Leucochrysum albicans subsp. alpinum Asteraceae M/H A V  1 
Leucopogon montanus Epacridaceae Sh V T 10 
Luzula alpestris Juncaceae R V 16 
Luzula modesta Juncaceae R A V T 6 
Luzula novae-cambriae Juncaceae R V T 1 
Melicytus sp.  Violaceae SSh A V 12 
Microseris lanceolata  Asteraceae H A V 25 
Neopaxia australasica Portulaceae H A V T N 5 
Olearia algrida Asteraceae Sh A V T 1 
Olearia phlogopappa Asteraceae Sh V 1 
Oreomymhis pulvinifica Apiaceae H V 2 
Oreomymhis eriopoda  Apiaceae H A V T 23 
Oxylobium ellipticum Fabaceae SSh C 1 
Pentachondra pumila Epacridaceae SSh A V 16 
Phebalium ovatifolium Rutaceae Sh E 4 
Pimelea alpina Thymelaeceae SSh V 21 
Plantago alpestris Plantaginaceae H V 2 
Plantago muelleri Plantaginaceae H A 1 
Poa costiniana  Poaceae G A V T 26 
Poa fawcettiae  Poaceae G A V T 26 
Poa hiemata  Poaceae G A V T 7 
Poa saxicola  Poaceae G A V T 1 
Prasophyllum alpestre Orchidaceae H A V T 4 
Prasophyllum sp. Orchidaceae H A V T 5 
Prasophyllum tadgellianum  Orchidaceae H A V T 19 
Prostanthera cuneata Lamiaceae H A V 2 
Ranunculus gunnianus Ranunculaceae H V T 9 
Ranunculus muelleri Ranunculaceae H V  11 
Ranunculus niphophilus Ranunculaceae H E 1 
Rytidosperma nivicola Poaceae G V T 2 
Rytidosperma nudiflorum Poaceae G A V T 29 
Schizeilema fragoseum Apiaceae H V 4 
Scleranthus singuliflorus Caryophyllaceae M/C V 11 
Scleranthus sp. Caryophyllaceae M/C  3 
Senecio gunnii Asteraceae H A V T 2 
Senecio pectinatus Asteraceae H A V 6 
Senecio pinnatifolius Asteraceae H A V T 6 
Stackhousia pulvinaris Stackhousiaceae M V T 8 
Stylidium sp. (aff. graminifolium) Stylidiaceae H V T 2 
Taraxacum officinale Asteraceae H W 1 
Trisetum spicatum Poaceae G A V T 22 
Viola bentonicifolia Violaceae H A V T 19 
Wahlenbergia ceracea  Campanulaceae H A V T 5 

 



Table 4. Species-density (mean and standard error of the number of species per quadrat) for 
quadrats of different size (0.01-m2 to 100-m2), and total species richness for altitudinal intervals 

(pooled number of species for the 4 * 100-m2 quadrats at each altitudinal interval) 
Au. = Australian 

 1850 m 1900 m 1950 m 2000 m 2050 m 2100 m Total 
Average # species in quadrats      

0.01-m2 2.4 ± 0.5 3.4 ± 0.5 2.3 ± 0.3 2.3 ± 0.3 2.2 ± 0.2 2.3 ± 0.3 2.5 ± 0.2
0.06-m2 4.0 ± 0.5 5.4 ± 0.7 4.5 ± 0.6 3.3 ± 0.5 3.2 ± 0.5 3.5 ± 0.5 4.0 ± 0.3
0.25-m2 7.0 ± 1.2 7.6 ± 0.6 8.0 ± 0.9 6.5 ± 1.1 5.4 ± 0.7 6.3 ± 1.0 6.8 ± 0.4
1-m2 8.4 ± 1.1 9.4 ± 0.7 10.5 ± 0.9 9.3 ± 1.5 7.2 ± 1.2 9.5 ± 1.7 9.0 ± 0.5
4-m2 12.6 ± 1.3 12.0 ± 0.8 15.5 ± 2.5 14.2 ± 2.2 11.2 ± 2.7 12.5 ± 1.7 12.9 ± 0.8
25-m2 18.0 ± 1.5 18.2 ± 1.0 21.8 ± 2.8 19.7 ± 2.3 15.8 ± 3.1 14.8 ± 1.9 18.1 ± 0.9
49-m2 22.2 ± 2.0 21.8 ± 1.0 24.0 ± 2.5 22.0 ± 2.6 19.2 ± 3.1 18.0 ± 1.7 21.2 ± 0.9

Average per 100-m2 quadrat      
# species 24.4 ± 1.8 24.4 ± 1.1 29.5 ± 1.8 24.5 ± 3.0 21.2 ± 3.3 20.5 ± 1.3 24.0 ± 1.0
# families 14.0 ± 0.7 12.6 ± 0.5 14.5 ± 1.7 12.7 ± 1.4 10.6 ± 0.9 11.8 ± 0.5 12.7 ± 0.5
Local endemics 1.4 ± 0.2 1.8 ± 0.4 2.0 ± 0.4 1.8 ± 0.4 0.8 ± 0.2 1.8 ± 0.3 1.6 ± 0.1
Weeds 1.0 ± 0.4 0.8 ± 0.4 0.3 ± 0.3 1.0 ± 0.3 1.0 ± 0.3 0.3 ± 0.3 0.8 ± 0.1
Au. endemics 20.8 ± 1.5 20.4 ± 1.0 25.8 ± 1.5 21.2 ± 2.7 18.4 ± 3.1 18.3 ± 1.6 20.7 ± 0.9
Herbs 13.6 ± 0.9 14.4 ± 1.7 17.8 ± 2.1 14.5 ± 2.0 8.4 ± 0.7 10.5 ± 1.6 13.2 ± 0.8
Graminoids 7.2 ± 0.7 7.6 ± 0.7 8.0 ± 0.7 7.5 ± 0.6 6.0 ± 0.7 6.0 ± 0.7 7.1 ± 0.3
Shrubs 3.8 ± 1.0 2.4 ± 0.7 3.8 ± 0.8 2.7 ± 0.7 2.2 ± 0.9 2.8 ± 0.6 2.9 ± 0.3

Total species richness per 50-m altitudinal interval     
# species 51 51 57 45 35 41 88 

Local endemics 3 6 4 4 2 3 8 

Weeds 2 2 1 2 1 1 3 
Au. endemics 46 44 51 42 32 36 77 
Herbs 28 34 37 27 22 25 56 
Graminoids 13 12 11 11 9 11 18 
Shrubs 10 5 10 6 4 5 14 



Table 5. Results for linear and quadratic regressions on species 
density at different spatial scales, and for different growth-forms 

and origins sampled over an altitudinal gradient in tall alpine 
herbfield 

Pro. = Proportion. P values that are significant are in bold 
 Linear Quadratic 
 F P F P 
Species density     

0.01-m2 2.106 0.158 1.015 0.375 
0.06-m2 4.738 0.038 2.306 0.120 
0.25-m2 2.262 0.144 1.134 0.337 
1-m2 0.079 0.780 0.129 0.879 
4-m2 0.087 0.771 0.396 0.677 
25-m2 1.407 0.246 2.324 0.118 
49-m2 2.353 0.137 1.909 0.168 

Per 100-m2 quadrat     
Species density 2.340 0.138 2.591 0.094 
Family density 4.113 0.053 2.051 0.149 
Herbs 5.015 0.034 4.758 0.017 
Graminoids 3.648 0.067 3.507 0.045 
Shrubs 1.078 0.308 0.625 0.543 
Pro. local endemics 0.430 0.838 0.071 0.931 
Pro. weeds 0.169 0.684 0.212 0.811 
Pro. Australian endemics 1.040 0.317 0.810 0.456 

Total species richness per 50-m altitudinal interval (n = 6) 
Species  4.853 0.092 2.175 0.261 
Herbs 2.012 0.229 1.501 0.353 
Graminoids 5.611 0.077 4.427 0.127 
Shrubs 2.826 0.168 1.066 0.477 
Local endemics 1.131 0.348 0.800 0.527 
Weeds 3.500 0.135 3.500 0.135 
Australian endemics 4.779 0.094 2.416 0.237 

 
 

Table 6. P values for pair wise comparisons of altitudinal bands 
from Analysis of Similarity of growth-forms (bottom left of table 

in clear) and distribution of species (top right of table in grey) 
 P values that are significant are in bold 
Altitude band 1850 1900 1950 2000 2050 2100 
1850  0.421 0.063 0.881 0.079 0.198 
1900 0.802  0.048 0.788 0.024 0.024 
1950 0.365 0.254  0.167 0.040 0.029 
2000 0.513 0.885 0.210  0.297 0.295 
2050 0.016 0.040 0.008 0.035  0.746 
2100 0.730 0.751 0.029 0.310 0.698  
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Table 6. Number of species in 50 m elevation bands based on database of location records of individual 
species in the Kosciuszko alpine area 

P values that are significant are in bold 
 1850 m 1900 m 1950 m 2000 m 2050 m 2100 m Total Linear  Quadratic  
        F P F P 
# species 78 118 122 140 103 83 183 0.000 0.993 12.64 0.035 
# native species in flora 74 110 114 123 95 81 159     
Local endemics 6 13 11 14 12 11 19 1.19 0.336 3.87 0.148 
Weeds 3 4 3 7 7 2 11 0.163 0.707 0.935 0.483 
Au. endemics 69 103 105 116 82 70 150 0.065 0.811 9.286 0.052 
Herbs 48 70 71 81 62 48 107 0.013 0.916 15.185 0.027 
Graminoids 18 32 30 40 28 25 50 0.246 0.646 4.495 0.125 
Shrubs 12 16 21 19 13 10 27 0.298 0.614 11.811 0.038 
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Fig. 1. Location of 29 sites where species density of tall alpine herbfield in the Snow 
Mountains was measured at a range of spatial scales (0.01 m2 to 100 m2 quadrats). 
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Fig. 2. Mean and standard error of species density (number of 
species) of tall alpine herbfield sampled at eight different spatial 
scales (0.01 m2 to 100 m2 quadrats). 
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Fig. 3. Humped (quadratic) relationship between altitude and density (number of 
species per 100 m2 quadrat) for (a) herbs (P = 0.017) and (b) graminoids (P = 0.045) 
in tall alpine herbfield. 
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Fig. 4. Multi-dimensional scaling ordinations of (a) total 
composition (b) growth-forms and (c) distribution of vascular 
plant species in tall alpine herbfield in 100 m2 quadrats 
sampled at six attitudes. Labels are the altitude of the quadrat.   
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