
 

 

Decline in species richness and cover of exotic plants with 

increasing altitude 

 

Jane Mallen-Cooper1 and Catherine Marina Pickering2  

1 Department of Biogeography and Geomorphology, Research School of Pacific Studies, 

Australian National University). Present address: 8 Tudor Place St Ives NSW 2075. 

2 School of Environment, Griffith University, PMB 50, Gold Coast Mail Centre, Qld. 9726, 

Australia. Ph: 07 5594 8259, Fax 07 55948067 

2e-mail: c.pickering@griffith.edu.au 

Any correspondence including proofs should be sent to Catherine Pickering 

 

mailto:c.pickering@griffith.edu.au


Abstract 

 Increasing altitude can result in reduced diversity of exotic plants while disturbance 

usually benefits exotics. Species richness and cover of exotics was examined in paired 

120 m2 roadside and adjacent natural vegetation plots at 10 sites along a 1000 m 

altitudinal gradient from montane to the alpine zone in the Snowy Mountains.  

Species richness and cover of exotics decreased linearly with increasing altitude in 

both habitats. The affect of altitude was partly off-set by disturbance with more 

species, and greater cover of exotics on roadside plots. There were high diversity of 

annual/biennial forbs particularly at low altitude, and few exotic annual/biennials 

above 1510 m.  

The decline in diversity with altitude may be due to differences in disturbance history 

with the highest plots having lower levels of use, but the decline in diversity is most 

likely due to differences in environmental conditions with increasing altitude that 

limit exotics, particularly annuals/biennials.  



Introduction 

Currently there is debate about causes of patterns in species richness including which 

factors account for a commonly observed decrease in species richness with increasing 

altitude (Rahbek 1995; Körner 2002). For example, a pattern of decreasing diversity 

of exotic plant species with increasing altitude has been found in several mountain 

regions including south-central Chile (Pauchard and Alaback 2004), the Swiss Alps 

(Becker et al. 2005) and the northwest mountains in North America (Parks et al. 

2005). Some studies suggested that climate was a major factor affecting the diversity 

of exotic plants, while others also considered factors such as a lag effect associated 

with the dispersal of exotics from valleys or differences in the patterns of human 

disturbance at higher altitudes as important (Pauchard and Alaback 2004).   

In addition to the effects of altitude on species richness, many studies have found 

that human disturbance benefits exotics including in mountain regions (Lozon and 

MacIsacc 1997; Jesson et al. 2000; Johnston and Pickering 2001; McDougall 2001; 

Becker et al. 2005; Godfree et al. 2004; Parks et al. 2005; Hill and Pickering 2006). 

Disturbance in mountain regions has facilitated the introduction of exotics, both 

accidentally (by vehicles, in horse feed etc.) and deliberately 

(rehabilitation/revegetation) (Mallen-Cooper 1990; Jesson et al. 2000; Tsuyuzaki 

2002; Pauchard and Alaback 2004; McDougall et al. 2005).  Disturbance also favours 

the spread of exotics through alteration of habitats. Disturbed sites such as road verges 

are often characterised by low cover of native vegetation (potentially reducing 

competition, and providing safe sites for establishment), as well as increased nutrient 

availability and moisture (Jesson et al. 2000; McDougall 2001; Johnston and Johnston 

2004; Johnston 2005; Hill and Pickering 2006). For example, in the Snowy Mountains 

in the Australian Alps, there is a strong association between exotic plants and human 



disturbance, with most exotic species occurring along roadsides and around buildings 

(Costin 1954; Mallen-Cooper 1990; Johnston and Pickering 2001; Bear et al. 2006).  

Determining what may be limiting exotic diversity is particularly important in 

mountain regions, as temperatures are likely to increase, and snow cover decrease 

with climatic change (Grabherr et al. 1994; Hennessy et al. 2003; Pickering et al. 

2004). Therefore, if climate is currently a limiting factor for exotic species richness in 

these regions, warming conditions could result in a greater risk of biological invasions 

(Pickering et al. 2004).  

This study examines the effect of altitude and disturbance on exotic species 

richness. Specifically, the diversity and percentage cover of exotic species in paired 

sites along roadsides and in adjacent native vegetation were compared along an 

altitudinal gradient in the Snowy Mountains in Australia. It was hypothesised that: (1) 

species richness and cover of exotics would decline with increasing altitude in both 

roadsides and adjacent plots. (2) As disturbance is likely to benefit exotics, including 

at high altitude, it also was hypothesised that species richness and cover of exotic 

plants would be greater on roadsides than in adjacent plots; and (3) any decline in 

species richness and cover of exotics with increasing altitude would, at least in part, 

be offset by disturbance.  

Determining the diversity of exotics and what factors are important in limiting their 

establishment and spread is critical for the management of biological invasions in 

mountain regions.  

 

Methods 

 Study area 



The Snowy Mountains in Kosciuszko National Park are located in south-eastern 

Australia and are part of the Australian Alps (Fig. 1). There are three main floristic 

zones: montane, subalpine and alpine, which are strongly correlated with 

altitudinal/climatic gradients and which contain distinctive vegetation communities 

(Costin 1954; Good 1992).  

The montane zone occurs between ~500 m and ~1500 m (Good 1992) and is 

dominated by Eucalyptus pauciflora alliance woodlands in association with other 

Eucalyptus species (Good 1992). Construction and maintenance of dams, powerlines, 

buildings and both sealed and gravel roads are the primary sources of anthropogenic 

disturbance in the montane zone, associated with a major hydroelectric scheme and 

tourism (ISC 2004). 

The subalpine zone occurs between the lower winter snow line at ~1500 m and the 

climatic limit of tree growth at ~1850 m (Costin 1954). There is continuous snow 

cover for at least one month per year (Green and Osborne 1994). The dominant 

vegetation type is Eucalyptus niphophila woodland interspersed with areas of bog, 

fen, heath and subalpine grasslands (Good 1992; Costin et al. 2000). Visitor traffic 

(vehicular, skiing and trampling), ski resort infrastructure and maintenance of roads 

and ski slopes are major sources of disturbance in this zone (ISC 2004).  

The alpine zone occurs above the climatic treeline at ~1860 m to the top of 

continental Australia’s highest mountain, Mt Kosciuszko, at 2228 m and covers an 

area of approximately 250 km2 (Costin et al. 2000). The largest contiguous alpine area 

in the park, and indeed Australia, is the 100 km2 around Mt Kosciuszko (Costin 1954; 

Costin et al. 2000). There is snow cover for more than four months per year with a 

few permanent snowbanks in some years (Green and Osborne, 1994). Low growing 

shrubs, grasses and herbs characterise the alpine zone (Costin et al. 2000; McDougall 



and Walsh 2007). The main sites of human disturbance in the alpine zone are gravel 

access roads and gravel, paved, raised steel mesh and informal walking tracks 

(Worboys and Pickering 2002).  

 

Data on exotic species 

 Mallen-Cooper surveyed cover and species richness of exotic species in roadside 

vegetation and in paired adjacent natural vegetation plots at 10 sites located every four 

km along an 1000 m elevation gradient from the montane zone to the alpine zone in 

the Snowy Mountains in Kosciusko National Park in November and December 1983 

(Table 1).  

All sites were along the Kosciuszko Road, with the lower eight sites along a public 

access sealed section of road and the two highest sites along a gravel section of the 

road which was closed to public vehicles in 1976 and subsequently is used as a 

walking track and for maintenance vehicles (Worboys and Pickering 2002, Fig 1). As 

the potential for spread of exotic species is greatest on the downslope of the road (pers 

obs.) all plots were located on the downslope side of the road. 

At each site, one plot was established on the roadside and a paired plot established 

in the adjacent vegetation. Roadside vegetation was surveyed in 120 m2 plots 

measured from the edge of the road surface (20 m parallel to road x 6 m perpendicular 

to road) for the lower eight sites, and 30 m parallel to the road x 4 m perpendicular to 

the road for the two higher sites). Paired plots of the same dimensions were located 5 

m from the edge of physical roadside disturbance (as indicated by clearing/cutting etc 

of vegetation, presence of foreign material such as gravel etc) in relatively natural 

vegetation, ranging from 11 m to 28 m from the road surface itself (Table 1). This 

distance ensured the potential for weed seed to disperse into the adjacent plots, but 



was far enough away to minimise the level of direct physical disturbance associated 

with the road. 

For each plot the following variables were recorded: (1) presence of all exotic 

species; (2) overall exotic species richness; (3) cover of each exotic species estimated 

using the Braun-Blanquet cover-abundance scale. Cover estimates were converted 

into the approximate mid point value of each scale for statistical analysis e.g. Braun-

Blanquet values of r + 1, 2, 3, 4 and 5 were given percentage cover values of 0.1, 0.5, 

3.0, 15.0, 37.5, 62.5 and 87.5 respectively (Barbour et al. 1987, Liddle 1997); and (4) 

total percentage overlapping cover of exotics (e.g sum of cover of each exotic 

species). From the data for each plot, (5) the frequency of each exotic species 

(measured as the number of plots in which the species was recorded) and (6) the 

altitude of the highest of the 10 sites in which the species was found (maximum 

altitude) were calculated. 

 

 Statistical analysis  

To determine if species richness and cover of exotics varied with disturbance and 

altitude, a series of one-way ANCOVA were conducted (in SPSS 12.0) with 

‘treatment’ (roadside vs adjacent plots) as the independent variable, and altitude as the 

covariate. Dependent variables were: (1) exotic species richness; (2) percentage 

overlapping cover of exotics; (3) species richness of exotic perennial forbs (4) 

overlapping cover of exotic perennial forbs; (5) species richness of exotic 

annual/biennial forbs; (6) total overlapping cover of exotic annual/biennial forbs; (7) 

species richness of exotic perennial grasses; (8) total overlapping cover of exotic 

perennial grasses; (9) species richness of exotic annual/biennial grasses; and (10) total 

overlapping cover of exotic annual/biennial grasses.  



ANCOVA in SPSS 12.0 were initially run with an interaction, between altitude and 

disturbance term included. If there was no significant interaction the ANCOVA was 

repeated without an interaction term. The form of the relationship between altitude 

and the dependent variables was tested separately for roadside and adjacent plots 

using linear regressions.  

To determine if there were differences in mean frequency, cover and maximum 

altitude between those exotic species recorded in the earliest general vegetation 

surveys of the Snowy Mountains and those recorded more recently, one-way ANOVA 

were conducted in SPSS 12.0. The independent variable was the date of the earliest 

publication of a species in the region, a surrogate measure for the length of time the 

species has been present in the region. It had four levels: 1898 (7 species), 1954 (20 

species), 1981 (26 species) and 1990 (data were collected in 1983, but published in 

1999, 12 species). The dependent variables were the frequency (total number of plots 

in which a species was found), percentage overlapping cover and maximum altitude. 

Differences between means were examined using Tukey’s post-hoc tests.  

Assumptions of homogeneity of variance and normal distributions were tested 

prior to analysis. Frequency (converted to a proportion) and percentage cover data 

were arcsine transformed. Due to the large number of analyses performed on data 

from the same sites, a conservative significance of α < 0.001 of was used for all tests. 

 

Results 

Characteristics of exotic species 

A total of 67 exotic species were recorded in the 20 plots surveyed (Table 2). Most 

were annual/biennial forbs (31 species) with just one species of shrub and one tree 

(Table 2). The families with the highest species richness were the Poaceae (19 



species), Asteraceae (11 species) and Fabaceae (nine species). Many species were 

recorded infrequently (e.g. each of 17 species were found only once) and at low cover. 

Only seven species occurred in 10 or more sites: the perennial forbs Acetosella 

vulgaris, Hypochoeris radicata, Taraxacum officinale, Cerastium spp. and Trifolium 

repens, and the perennial grasses Agrostis capillaris and Dactylis glomerata (Table 

2).  

 

Effect of altitude  

With increasing altitude, the total cover and species richness of exotics decreased on 

both roadside and adjacent plots (Fig. 2, Tables 3 and 4). The rate of decline was 

similar between the two plots (no significant interaction, Table 3), although the total 

number of exotic species was lower on the adjacent plots (Fig. 2, Tables 3 and 5). 

How exotic species richness and cover changed with increasing altitude differed 

depending on the life form/life history of the exotics.  For perennials there was either 

a linear decline or no significant effect of altitude. The only significant linear 

regressions were for species richness and cover of perennial exotic forbs on adjacent 

plots (Fig. 3a, Tables 3 and 4). For perennial grasses, and perennial forbs on 

roadsides, there was no significant effect of altitude (Fig. 4, Table 4) 

For annual/biennial exotic forbs and grasses, in contrast, there appeared to be a 

threshold effect of altitude for both roadside and adjacent plots, with very low cover 

values and species richness values above 1510 m altitude (Figs 3b and d, 4b and d). 

Although there were significant linear regressions with altitude (Tables 3 and 4), the 

distribution of values appear more consistent with a threshold effect (Fig. 3 and 4). 

For example, out of the 31 annual/biennial forbs, only six species (Cirsium vulgare, 

Medicago lupulina, Polygonum spp. Spergularia rubra, Tragopogon dubium, and 



Verbascum virgatum) occurred in any roadside plot above 1510 m and only one 

species on the adjacent plots (Verbascum virgatum). Similarly, of the 11 species of 

annual/biennial grasses, only three species (Bromus hordeaceus, Bromus sterilis, and 

Poa annua) were found on roadside plots above 1510 m, and only one species 

(Bromus sterilis) in the adjacent plots. In the alpine plots the only annual exotics 

recorded were Spergularia rubra and Poa annua each in one roadside plot with cover 

of only 0.5%.  

 

Effect of human disturbance 

Roadside plots had higher frequency, percentage overlapping cover and total species 

richness of exotics than plots in the adjacent native vegetation (Tables 2 and 5). 

Thirty-two species were only recorded on roadside plots while, just three species were 

limited to plots in adjacent natural vegetation where they were found only in one plot, 

each at low cover (0.5%).  

There were significantly more species of exotic perennial forbs and grasses and 

exotic annual/biennial grasses in roadside plots than adjacent natural vegetation 

(Tables 3 and 5). The number of annual/biennial forbs did not significantly differ 

between habitats although in nearly all sites there was higher species richness on the 

roadside plot (Fig. 3b). The percentage cover of perennial forbs and grasses was 

significantly higher on roadside plots (Fig. 4, Tables 3 and 5), but there was no 

significant effect of disturbance detected for cover of annual/biennial forbs and 

grasses (Fig. 4). Exotic species richness was significantly higher on roadsides (11 

species) compared to adjacent plots (8 species, Fig. 2a, Tables 3 and 5, P < 0.001). 

Total cover of exotics was also significantly higher on roadside plots (53%) compared 

to natural plots (9%) (Fig. 2b; Tables 3 and 5; p < 0.001). 



 

Discussion 

In our study there was a decline in exotic species richness and cover with increasing 

altitude. There appeared to be a threshold around the montane-subalpine boundary 

(~1450-1500 m in the Snowy Mountains) for annual/biennial forbs and grasses, with 

few if any of these species present above this altitude even in the more favourable 

roadside plots. This is consistent with the distribution of native annual/biennial forbs 

and grasses, with very few native annuals in the alpine zone due to the short growing 

season (Pickering 1997; Costin et al. 2000). In contrast, there was no clear pattern for 

the species richness and percentage cover of perennial grasses with increasing 

altitude. To determine if the lack of effect of altitude on perennial grasses was not just 

due to a power effect in the analyses, sampling at a larger number of sites along more 

transects, using a more precise measure of cover is recommended.  

There are other observational studies that have examined patterns in species 

richness of exotics with increasing altitude in mountain regions (Pauchard and 

Alaback 2004; Becker et al. 2005; McDougall et al. 2005). These studies also have 

found declines in total exotic species richness with increasing altitude on roadsides 

(Pauchard and Alaback 2004; Becker et al. 2005) or in natural vegetation in the 

Australian Alps (McDougall et al. 2005). However, unlike our study, they have not 

compared the patterns between annual/biennials and perennial species to determine if 

the patterns they found may be due to a lack of exotic annual/biennial species above 

certain altitudes, as was found here. 

There are three possible explanations for a decrease in the species richness and 

cover of exotics as found here with increasing altitude (Pauchard and Alaback, 2004). 

First, the decrease in species richness and cover is an ecological effect of the 



increasing severity of conditions such as climate at high altitude. This is supported by 

the possible threshold effect of altitude on annual/biennial exotics in this study. It is 

also supported by a decrease in the species richness of native species in paired native 

vegetation plots at the same sites (Mallen-Cooper 1990), and in some other mountain 

regions for native species richness/diversity (Austrheim 2002; Grytnes 2003). This 

appears to be the most likely explanation for the current pattern.  

The second explanation is that extensive human disturbance may have occurred 

less frequently, less intensively or later at higher altitude sites. This might be the 

cause of the current pattern with the potential for lower levels of disturbance on 

roadsides at higher altitude sites. Certainly for the two highest alpine sites, the road is 

gravel and it has very limited vehicle traffic.  Again, additional sampling on this and 

other roads including ranking different levels of disturbance, and/or manipulative 

experiments may assist in determining the possible causes of the current patterns in 

exotic species richness found in this study.  

The third explanation is the pattern could be a lag effect, due to exotics dispersing 

from lowlands to highlands in mountain regions. Decreasing weed diversity and cover 

along roads within national parks from lowland to highland sites, or along peninsulas, 

have been found in other studies (Pauchard and Alaback 2004). Further sampling 

combined with comparing time when first recorded in the region based on herbarium 

records, would assist in determining the pattern was due to a lag effect.   

 

Disturbance favours weeds in mountain regions 

Our study did find more exotic species and greater cover of exotics in disturbed plots 

compared to adjacent plots. The effects of disturbance partly offset the decline in 

species richness and cover with increasing altitude. For example at the highest site 



(2020 m altitude), there were no exotics in the natural vegetation, while on the 

roadside there were Agrostis capillaris, Taraxacum officinale and Acetosella vulgaris.  

In this and other studies it is clear that increasing provision of infrastructure for 

tourism such as roads, tracks and ski resorts favours the establishment and potential 

spread of exotics (Jesson et al. 2000; Johnston and Pickering 2001; McDougall 2001; 

Johnston and Johnston 2004; Pauchard and Alaback 2004; McDougall et al. 2005; 

Hill and Pickering 2006). However, as seen in this study, natural vegetation, even that 

adjacent to sites subject to human disturbance, tend to have low cover and diversity of 

exotics particularly at higher altitude sites (Johnston and Johnston 2004; Hill and 

Pickering 2006; McDougall et al. 2005; Johnston 2005; Bear et al. 2006). 

The species in this study that were common on roadsides (Acetosella vulgaris, 

Hypochoeris radicata, Taraxacum officinale, Cerastium spp. and Trifolium repens, 

and the perennial grasses Agrostis capillaris and Dactylis glomerata) are among the 

most common exotic plants in other surveys of the Snowy Mountains (Mallen-Cooper 

1990; Johnston and Pickering 2001; Godfree et al. 2004; McDougall et al. 2005). 

They are also part of an international weed flora and can be found in mountain regions 

around the world (Jesson et al. 2000; Austrheim 2002; Pauchard and Alaback 2004; 

Parks et al. 2005). 

 

Limitations of this study 

There are three main limitations to this study: (1) it only examined diversity and cover 

of exotics along one transect at 10 sites along one road in the Snowy Mountains; (2) 

only one site at each altitude was sampled; and (3) current patterns of disturbance 

were not consistent over the transect. It is likely that vehicle usage decreases with 

increasing altitude on this road, and the highest two sites were a closed gravel road. 



However, the general pattern of decreasing species richness with increasing altitude in 

this study is supported by the results of a more extensive parallel study examining 

changes in the species richness of native and exotic plants over altitudes on several 

main roads (16 sites), minor roads (23 sites) and in adjacent native vegetation (25 

sites). With a greater number of sites, negative linear relationships were still found for 

total exotic diversity, supporting the results reported here (Mallen-Cooper 1990, 

Mallen-Cooper and Pickering, unpublished data). The parallel study, however, did not 

examine changes in vegetation cover, or examine if there were differences in the 

patterns depending on the life histories and life forms of the plants.   

 

Climate change and alien plants 

Alpine systems are considered to be among the most vulnerable communities to 

climate change in Australia and overseas (Körner 1999; Hughes 2003; Root et al. 

2003). There are already data indicating that there has been an increase in species 

richness, and upward movement in the distribution of native plants in Europe 

(Grabherr et al. 1994). For the Australian Alps, the latest climatic predictions indicate 

an increase in temperature of between +0.6, and +2.9oC, resulting in between 38-96% 

decrease in the area receiving at least 60 days of snow cover by 2050 (Henessey et al. 

2003).  

If climate is limiting species richness and abundance of alien plants in the Snowy 

Mountains, then predicted declines in snow cover and increasing temperatures will 

result in more weeds in Australian mountain regions. This is consistent with 

predictions made in other studies of exotic plants in the Australian Alps (Pickering 

and Armstrong 2003; Pickering et al. 2004; McDougall et al. 2005, Bear et al. 2006). 

The potential for an even greater range of weeds with climatic warming emphasises 



again, the need to limit human disturbance in these regions of high conservation 

value.  
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