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Abstract Stock grazing has degraded many riparian ecosystems around the world. 

However, the potential for ecosystem recovery following the removal of grazing stock 

is poorly known. We developed a conceptual model to predict the responses of native 

and exotic herbaceous plants to grazing exclusion, based on site productivity and the 

degree of initial vegetation degradation. The effects of excluding grazing stock on 

richness, cover and composition of herbaceous plants were examined over 12 years in 

the degraded understorey of a riparian forest in Gulpa Island State Forest in south-

eastern Australia. We predicted that grazing exclusion would lead to limited changes in 

vegetation cover, richness and composition, owing to presumed low site productivity 

and the high degree of understorey degradation. Results showed that the cover, richness 

and composition of native and exotic species varied significantly amongst years.  

Over all plots, regions and years, total cover was slightly but significantly lower in 

grazed than ungrazed plots (43.4% vs 50.8%). Whilst the cover of native plants 

increased over time in both treatments, the rate of increase was slightly greater in 

ungrazed plots. Grazing exclusion had no effect on the richness of native or exotic 

species, but had a significant but minor impact on plant composition, with different 

common species (mostly exotics) being promoted or diminished in ungrazed plots. The 

composition of grazed and ungrazed areas did not become more different over time. 

Overall, the effects that could be attributed to grazing exclusion were relatively minor 

and transient. Results are consistent with predictions based on site productivity and 

initial degradation, and should not be extrapolated to other more productive, or less 

degraded, riparian systems. 
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INTRODUCTION 

Riparian ecosystems fulfil many important ecosystem functions, including water 

filtration, stream bank protection and biodiversity conservation (Naiman & Decamps 

1997). However, these areas are often heavily grazed by domestic stock, owing to their 

fertile soils and proximity to water (Fleischner 1994; Trimble & Mendel 1995; 

Stohlgren et al. 1998; Jansen & Robertson 2001). Globally, grazing stock are a major 

cause of riparian degradation, causing reductions in vegetation cover, loss of 

biodiversity, enhanced overland flow, streambank erosion, water eutrophication and 

degradation of instream processes and aquatic communities (Fleischner 1994; Trimble 

& Mendel 1995; Robertson 1997; Belsky et al. 1999; Agouridis et al. 2005). 

Consequently, stock exclusion is a common management strategy for restoring riparian 

function and composition. 

 

Grazing and disturbance theory suggest that site productivity – controlled 

largely by soil nutrients and moisture – is a major determinant of vegetation changes 

following exclusion of disturbances such as grazing (Grime 1973; Huston 1979, 2004; 

Milchunas et al. 1988; Olff & Ritchie 1998; Cingolani et al. 2005). Exclusion of stock 

and other disturbances from productive areas commonly leads to increased biomass of 

large, grazing-sensitive, herbaceous species, which may reduce small-scale plant 

diversity owing to competitive exclusion. By contrast, under low resource levels, plant 

biomass may remain relative constant following grazing exclusion, and small-scale 
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diversity might potentially rise due to increased growth or reproduction of low-biomass, 

grazing-sensitive species (Grime 1973; Olff & Ritchie 1998; Proulx & Mazumder 1998; 

Huston 2004). 

 

Conservation managers typically aim to promote a high diversity of native 

species and low cover of exotics. Consequently, conceptual frameworks are required to 

predict the impacts of changes to disturbance regimes (such as stock exclusion) on the 

relative abundance of native and exotic species (Davis et al. 2000; Huston 2004; Lunt et 

al. 2007). In grassy ecosystems in temperate Australia, heavy grazing and associated 

management typically causes perennial, native plant species to be replaced by short-

lived exotics, especially annuals (Moore 1973; McIntyre et al. 1995; Prober & Thiele 

1995). This floristic degradation is difficult to reverse as many native species do not 

form large, persistent soil seed banks; instead seed banks are usually dominated by 

exotic annuals (Lunt 1997; Morgan 1998). Furthermore, replacement of native 

perennials by exotic annuals leads to elevated levels of available soil nutrient levels 

(Moore 1964; Prober et al. 2002). This diminishes ecosystem resilience as many 

common exotics grow faster than natives in fertile soils, further enhancing their 

potential dominance (McIntyre et al. 1995; Allcock 2002; Leishman & Thomson 2005; 

Lenz & Facelli 2005; Prober & Thiele 2005). 

 

These processes suggest that the impacts of grazing exclusion in temperate 

grassy ecosystems in Australia may be predicted by a two-factor model incorporating 

site productivity and initial site condition (or the degree of past degradation), as shown 

in Table 1. The model suggests that grazing exclusion is likely to lead to positive 
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changes in vegetation composition (i.e. high native diversity and low exotic cover) in 

relatively intact sites of low productivity, and to negative outcomes (i.e. high exotic 

cover and low native diversity) in degraded, productive areas. Thus, removal of grazing 

stock from degraded, fertile riparian areas is unlikely to enhance botanical composition, 

even though it may improve other important ecosystem functions such as stream bank 

stability and water quality. 

 

Riparian forests on the agricultural plains of southern Australia are typically 

dominated by Eucalyptus camaldulensis (river red gum). The understorey in these 

forests varies greatly across micro-topographical gradients which control the frequency 

and duration of floods (Chesterfield 1986). Vegetation structure and composition have 

been greatly altered since European settlement due to changes to flooding and fire 

regimes, stock grazing, weed invasion and timber harvesting (Chesterfield 1986; Bren 

1992; Donovan 1997; Kenyon & Rutherfurd 1999). The negative impacts of stock 

grazing on riparian E. camaldulensis forests are well documented ( Robertson 1997; 

Jansen & Robertson 2001, 2005), however the potential for ecosystem recovery 

following the removal of grazing stock is poorly known. 

 

Conceptually, it is difficult to predict how understorey vegetation in E. 

camaldulensis forests might respond to grazing removal, given the absence of 

information on potential understorey productivity in undisturbed, ungrazed conditions. 

Soil moisture levels vary greatly according to flooding and rainfall events, and soils are 

typically cracked and dry in summer (Chesterfield 1986). Moreover, water uptake by 

trees may greatly constrain understorey productivity, especially in young forests with 
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high tree densities. Understorey cover is often low beneath dense stands of E. 

camaldulensis, and this effect has often been attributed to allelopathy (del Moral & 

Muller 1970; Chesterfield 1986; Moradshahi et al. 2003). 

 

The aim of this study was to assess the long-term effects of exclusion of grazing 

stock on the cover, richness and composition of degraded, annual-dominated 

understorey vegetation in riparian forests dominated by E. camaldulensis in the Gulpa 

Island State Forest, which is part of the Barmah-Millewa forests in New South Wales, 

Australia. When the study started, grazed areas were dominated by a moderate cover 

(60%) of exotic annuals. The relatively open grass cover and paucity of vigorous, 

nitrophilic exotics such as Echium plantagineum and Arctotheca calendula (which are 

abundant and widely distributed in many other parts of the forest), suggested that low 

resource levels may inhibit biomass production by herbaceous species. Also, the 

frequency and duration of dry periods has increased since river regulation, leading to 

lower overall water availability. Thus, we speculated that the study areas were far less 

productive than might normally be expected in riparian areas. Consequently, we 

hypothesised that grazing exclusion would result in the outcomes predicted in Table 1 

for highly degraded, low productivity sites: i.e. little increase in plant cover or biomass 

owing to resource constraints, and little change in native species composition owing to 

propagule constraints. 

 

MATERIALS AND METHODS 

The study was conducted in Gulpa Island State Forest (35o45’37“S, 144o50’46“E), 

within the Barmah-Millewa forest area. The climate is marginally semi-arid, with an 
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average of 460 mm rainfall and 1530 mm evapotranspiration each year (Glazebrook & 

Robertson 1999). Productivity of the dominant E. camaldulensis forests is maintained 

by intermittent flooding across the Barmah-Millewa floodplain (Bacon et al. 1993). 

This experiment was established in 1990 as part of a broader study of the effects of 

flooding and grazing on forest and riparian functioning (Glazebrook & Robertson 1999; 

Robertson et al. 2001).  

 

In 1990, five pairs of grazed and ungrazed plots were established in each of 

three sub-regions of Gulpa Island State Forest, giving 30 plots in total. Grazed and 

ungrazed treatments were randomly allocated within each pair. The three sub-regions 

were separated by at least several hundred metres, and the grazed study area occupied 

5960 ha in total. All plots were dominated by E. camaldulensis and average tree density 

was 208 stems/ha (Meeson et al. 2002). Plots were established next to intermittent 

steam beds (colloquially called ‘flood-runners’) to allow interactions between grazing 

and flooding to be assessed in the low-lying flood-runners. However, in this study we 

have excluded data from the flood-runners to document grazing impacts on the higher 

elevation, less frequently flooded forests. Natural floods inundated these higher 

elevation areas four times during the experiment, but generally for only short periods 

(D. Leslie, pers. comm., 2003).  

 

Each plot was 10 m wide and c. 25 m long. The long axis of each plot extended 

across the contour into the flood-runner. Three parallel transects were placed 

perpendicular to the contour in each plot, with three permanently marked, 1 m2 quadrats 

along each transect in the unflooded sections, giving nine quadrats per plot, and a total 
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of 270 quadrats each year. Grazing exclusion plots were protected by 1.2 m high fences 

which excluded stock and rabbits, and reduced (but did not eliminate) grazing by grey 

kangaroos (Macropus species), which were present at low densities throughout the 

experiment. Unfortunately, rabbits accessed some plots in the later stages of the 

experiment (Meeson et al. 2002). Grazed areas were stocked with cattle. Stocking 

densities varied throughout the experiment, but were approximately 0.3-0.6 DSE (dry 

sheep equivalents) per hectare per annum. 

 

Vegetation was surveyed in late spring to early summer (Oct–Dec) in six years: 

1990 (prior to erection of the fences), 1991, 1992, 1995, 1998 and 2002. Within each 

quadrat, the cover of each species and the total cover of all vascular plants were 

estimated to the nearest 5% (if > 10% cover) or nearest 1% (if < 10% cover). Species 

names follow Harden (2000-2002). 

 

Data analysis 

Data on percent cover of all herbaceous species in each of the nine quadrats in each plot 

were collated for the 5 plots in the 3 sub-regions sampled in the 6 years. Using 

information from Harden (2000-2002), species were classified according to origin 

(native vs exotic) and lifeform (annual vs perennial). Cover of all species, natives, 

exotics, annuals and perennials was calculated for each quadrat by summing the cover 

values for the relevant individual species. Similarly, richness of the same groups was 

calculated by counting the number of relevant species per quadrat (1m2). Richness was 

also calculated at the plot scale by counting the species occurring across all nine 

quadrats in each plot (9m2). 



 

CSU Research Output 
http://researchoutput.csu.edu.au 

10

 

The cover, richness and composition data from the nine quadrats in each plot 

were averaged before analysis. Cover and richness were analysed using general linear 

models in SPSS (SPSS Inc. 1999), while composition was analysed using distance-

based multivariate analysis of variance (Anderson 2001, 2004). All data were un-

transformed (parametric models were checked for normality and homogeneity of 

variances). For the multivariate analyses the Bray-Curtis metric was used to calculate 

the similarity matrix. For all three sets of data the same model (given in Table 2) was 

used to examine the effects of year, grazing and sub-region. To examine the year x 

grazing interaction in more detail, we tested the grazing effect separately for each year.  

 

For the univariate data we used repeated measures analyses in SPSS (SPSS Inc. 

1999). Since most variables failed Mauchly’s Test of Sphericity, we used the 

Greenhouse-Geisser corrected degrees of freedom for the F-tests, as recommended by 

Quinn & Keough (2002). For the within subjects tests we made the assumption that 

there were no interactions between plots within regions and the main effects; 

examination of the data suggested that this assumption was reasonable. The three-way 

interaction (year x grazing x sub-region) was not significant for any variable so we were 

able to examine the year x grazing effect to determine whether there were changes over 

time in the difference between grazed and ungrazed plots. This would indicate that 

exclusion of grazing led to changes in cover and/or richness of plant communities over 

time. 
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The multivariate composition data were analysed using DISTLM (distance-

based multivariate analysis for a linear model; Anderson 2001, 2004). Dummy variables 

were created for each term of interest in the model, as well as for each error term, and 

DISTLM was used to calculate Mean Squares and F-tests for all terms. As for the 

univariate data, we made the assumption that there were no interactions between plots 

within regions and the main effects; examination of the data suggested that this 

assumption was reasonable. The three-way interaction (year x grazing x sub-region) was 

not significant so we were again able to examine the year x grazing effect to determine 

whether there were changes over time in the difference between grazed and ungrazed 

plots. 

 

Changes in composition were further examined using non-metric multi-

dimensional scaling (Clarke & Warwick 1994) using PRIMER (Clarke & Gorley 2001a, 

2001b). For this ordination, the composition data for all 15 replicate plots in the 

ungrazed and grazed treatments each year were averaged to give one data point per 

treatment per year. Due to the large impact of the drought in 2002, composition in this 

year was extremely different to all other years (there were virtually no annual species 

recorded). Thus the 2002 data were excluded from the ordination. Similarity 

percentages (SIMPER; Clarke & Gorley 2001b) were used to find those species which 

contributed the most to the dissimilarity between grazed and ungrazed plots in the year 

of greatest difference. 

 

RESULTS 
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A total of 95 species of herbaceous plants was recorded, of which 50% were annual and 

45% were exotic. Total cover averaged approximately 47% over all years and annual 

species made up 87% of this cover. Year-to-year variation in the cover of annual species 

in ungrazed plots was closely related to rainfall in the period June-September (winter-

spring) prior to sampling each year (Pearson r = 0.968, P = 0.001). The cover of exotic 

annual species may have been a factor controlling the number of native species in each 

plot (Fig. 1). High numbers of native species (≥ 6) only occurred in quadrats with less 

than 40% cover of exotic annuals, and the maximum number of native species found in 

quadrats declined as the cover of exotic annuals increased (Fig. 1). 

 

Cover 

Total cover and the cover of native and exotic species varied greatly amongst years 

(Fig. 2); however the patterns were quite different for natives and exotics. Perennial and 

annual cover patterns mirrored those for natives and exotics, respectively. Patterns in 

total cover were driven by variation in cover of exotic species (Fig. 2). Cover of 

perennial and native species varied significantly between sub-regions, and all measures 

of cover varied significantly from year to year (Table 3). Total cover and cover of 

annual and exotic species showed no significant interaction between year and grazing, 

although total cover did show a significant grazing effect (Table 3). Over all plots, 

regions and years, total cover was slightly but significantly lower in the grazed plots 

than in the ungrazed plots (43.4% vs 50.8%). Cover of native species showed a 

significant interaction between year and grazing (Table 3). The cover of native plants 

increased over time in both grazed and ungrazed plots, but the rate of increase was 

greater in ungrazed than grazed plots (Fig. 2). However, differences in native plant 
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cover between grazed and ungrazed plots were relatively minor, and were only 

significant in the final year of sampling (8.8% vs 14.5%). Cover of perennial species 

showed a similar pattern to native species (Fig. 2), but the interaction between year and 

grazing was not quite significant (P = 0.069; Table 3). 

 

Species richness 

Richness was measured at both the quadrat and plot levels but the results were very 

similar for both so only the quadrat level data are presented here. Total richness and 

richness of native and exotic species varied greatly amongst years (Fig. 3); however the 

patterns were quite different for natives and exotics. Perennial and annual richness 

patterns mirrored those for natives and exotics, respectively. Patterns in total richness 

were driven by variation in richness of exotic species (Fig. 3). All measures of richness 

showed significant year-to-year variation but no significant effects of grazing or any 

interactions between year and grazing (Table 4). 

 

Composition 

There was a significant interaction between year and grazing (Table 5), indicating that 

compositional differences between grazed and ungrazed plots varied over time. 

Composition also showed strong inter-annual variation, significant differences between 

regions and a significant effect of grazing. The composition of grazed and ungrazed 

plots differed significantly in 1992 (F1,12 = 5.27, P = 0.0007) and 1998 (F1,12 = 3.70, P = 

0.0058), and marginally in 2002 (F1,12 = 2.48, P = 0.0502). Figure 4 shows an ordination 

of the changes in composition over time in the grazed and ungrazed plots. Differences 

in community composition between grazed and ungrazed plots do not appear to increase 
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over time. Examination of the species contributing to these differences in 1992 (when 

the composition of grazed and ungrazed plots was most different) using SIMPER 

showed that the main differences were in abundances of common exotic annual species 

(Table 6) with species such as Avena barbata and Bromus diandrus being more 

abundant in ungrazed plots and Vulpia species being more abundant in grazed plots. 

Results for 1998 were similar. 

 

DISCUSSION 

The most notable feature of these results is the substantial between-year variation in 

plant cover, richness and composition, especially of exotic annuals, whose cover was 

correlated with rainfall in the previous winter-spring period. By contrast, grazing 

exclusion had relatively minor (albeit significant) effects on plant cover and species 

composition, but no effect on species richness. 

 

The fact that seasonal rainfall had a greater impact on plant responses than 

grazing exclusion is not surprising given the variability of annual rainfall in this semi-

arid environment. Indeed, non-equilibrium rangeland dynamics are characterised by the 

fundamental control of variable climatic conditions on vegetation responses (Ellis & 

Swift 1988; Briske et al. 2003). Furthermore, annual species typically respond 

dramatically to seasonal variations in rainfall (Heady 1958; Rossiter 1966; Hobbs & 

Mooney 1995). However, the paucity of grazing impacts was surprising given that 

grazing exclusion commonly leads to structural and compositional changes, even in 

non-equilibrium semi-arid areas (Milchunas & Lauenroth 1993). For example, in a 

semi-arid grassland at Deniliquin (c. 40 km north of the study area), Austin et al. (1981) 
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found that grazed and ungrazed plots became increasingly different over time, even 

though rainfall was the primary driver of annual changes in composition. At Gulpa 

Island State Forest, past grazing has undoubtedly had a dramatic impact on vegetation 

composition (Chesterfield 1986; Bren 1992; Leslie 2000), but few major impacts of 

grazing exclusion could be identified over this 12-year period. 

 

The paucity of responses to grazing exclusion could be due to a number of 

factors, with different processes governing cover and composition. Cover and biomass 

production were presumably constrained by low resource levels, especially low soil 

moisture in many years. Additionally, plant cover is usually low beneath dense stands of 

E. camaldulensis (Chesterfield 1986), and competition from dense trees is likely to have 

reduced resource levels and impeded plant growth. If this was the case, then different 

outcomes might be expected in open, treeless sites.  

 

Grazing exclusion also led to minimal changes in plant composition – just minor 

changes in the abundance of common, mostly exotic, species. Plant composition may be 

partly constrained by low site productivity, as some species may not be able to persist in 

the seasonally dry conditions or beneath dense trees. However, compositional changes 

may also have been constrained by propagule shortages. Kenny (2003) found that the 

soil seed bank in ungrazed plots at the study site was dominated by a small number of 

species, notably native Isolepis and Juncus species and exotic Trifolium species. Few 

native species were found in the soil seed bank but not in the standing vegetation, and 

seeds of these species were rare. Similar patterns have been found in soil seed banks 

from other temperate grassy ecosystems in southern Australia (Lunt 1990, 1997; 
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Morgan 1998). In the absence of propagules of additional native species, grazing 

removal is unlikely to promote rapid changes in composition in degraded sites. 

 

A number of reviews have criticised the small sampling scales used in many 

grazing exclusion studies (Stohlgren et al. 1999; Sarr 2002). However, we sampled 270, 

1 m2 quadrats within 15 fenced exclosures (each at least 0.02 ha) plus 15 unfenced 

controls, replicated across three sub-regions. This sampling was repeated six times 

across 12 years. Consequently, the paucity of observed changes is unlikely to be due to 

a low sampling intensity or spatially localised plots. Indeed, we know of only one other 

grazing exclusion study from southern Australia that has used a similar sampling 

intensity over such a long time period (Austin et al. 1981). We also attempted to 

overcome the effects of small quadrat sizes by re-analysing the data at the plot scale (by 

pooling data from nine 1 m2 quadrats in each plot). Both analyses gave virtually 

identical results, indicating that the patterns observed were not restricted to very small 

sampling scales. 

 

The lack of differentiation between grazed and ungrazed areas may reflect 

relatively low stocking levels in Gulpa Island State Forest. Grazing intensities have 

declined greatly since the late-1800s and early-1900s (Donovan 1997; Leslie 2000). 

During the study period, cattle numbers approximated 0.3-0.6 DSE (dry sheep 

equivalents) per hectare per annum, which is considerably lower than grazing intensities 

in many other riparian forests in the region (Jansen & Robertson 2001; Meeson et al. 

2002). Additionally, grazing intensities undoubtedly varied within the large (c. 6000 ha) 

grazing compartment. The forest grazing compartment includes many other understorey 
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types, including lower-lying areas dominated by perennial sedges (Chesterfield 1986; 

Leslie 2000). Stock may avoid degraded areas dominated by annual grasses, at least 

seasonally. If this occurs, then grazing impacts (positive or negative) may be higher in 

other parts of the forest. Further studies of stock movement patterns are required to 

address this issue (e.g. van Rees & Hutson 1983). Regardless of the stocking levels 

used, the paucity of recovery of native species in the ungrazed exclosures is consistent 

with our initial hypothesis that grazing exclusion would result in limited changes in 

plant cover or composition, owing to low resource levels (which were assumed based 

on initial understorey structure) and the high degree of vegetation degradation (Table 1).  

 

Whilst stock exclusion had little impact on the sampled vegetation, it may still 

have positive effects on other ecosystem attributes, including streambank protection, 

water quality and other terrestrial processes. For instance, by sampling the same plots as 

we studied here, Meeson et al. (2002) found that stock exclusion led to a significant 

decline in the level of ant predation on Eucalyptus camaldulensis seeds. Thus, other 

ecosystem attributes may respond more rapidly to grazing exclusion than vascular 

plants. 

 

The absence of a significant impact of grazing exclusion on species richness 

contrasts with many studies from temperate grassy ecosystems in Australia, which have 

emphasised the need for disturbances such as grazing to maintain plant diversity by 

preventing dominant species from monopolising resources (McIntyre & Lavorel 1994; 

Tremont 1994; Lunt & Morgan 2002; Lunt et al. 2007). However, these studies have 

been conducted in higher rainfall areas (> 600 mm/yr) with relatively low tree cover 



 

CSU Research Output 
http://researchoutput.csu.edu.au 

18

(often due to clearing), whereas the Millewa forest has a relatively low annual rainfall 

(460 mm/yr), a high rate of annual evapotranspiration (1530 mm) and a high density of 

rapidly growing trees (> 200 trees/ha). Tree growth in this dry climate is maintained by 

periodic flooding (Bacon et al. 1993). 

 

By contrast, similar responses to grazing exclusion have been recorded from 

other degraded, low productivity, semi-arid grasslands and shrublands in southern 

Australia (e.g. Meissner & Facelli 1999). The contrasting responses to grazing 

exclusion in productive and unproductive environments are consistent with ecological 

theory (Huston 1979, 2004; Milchunas et al. 1988; Olff & Ritchie 1998). Vegetation 

changes in non-equilibrium, semi-arid areas often occur sporadically, following rare 

triggers such as extremely high or low rainfall events (Westoby et al. 1989). More 

marked changes may perhaps result from grazing exclusion at Millewa forest following 

high rainfall years in the future. However such changes may not be positive, as vigorous 

exotic species such as Avena species are likely to respond rapidly to high resource 

levels, potentially to the detriment of native species (Lenz et al. 2003; Lenz & Facelli 

2005; Prober et al. 2005). 

 

As elsewhere, understorey degradation in riparian forests at Millewa has been 

caused by a variety of processes, including heavy stock grazing and changes to flooding 

and burning regimes (Dexter 1978; Chesterfield 1986; Bren 1992; Leslie 2000; Jansen 

& Robertson 2001). Not surprisingly, understorey restoration will require more complex 

management interventions than just grazing exclusion. In particular, in highly degraded 

areas, plants or propagules of species that have declined in the past may need to be re-
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introduced, perhaps in combination with mechanisms to control exotic species (Yates & 

Hobbs 1997). Further trials are required to determine whether re-introduced native 

species will persist in degraded areas once propagule constraints have been overcome, 

or whether persistence is no longer possible in the degraded ecosystem state (e.g. Prober 

& Thiele 2005). 

 

Results from this study demonstrate that grazing exclusion had minor impacts on 

understorey composition and structure over a 12-year period. This result is consistent 

with predictions based upon assumed resource levels and the degree of initial site 

degradation (Table 1). Consequently, these findings should not be extrapolated to other 

more productive, or less degraded, riparian environments, or to other, more complex, 

grazing management strategies. 
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Table 1. A conceptual framework describing potential responses in herbaceous 

vegetation structure following grazing exclusion in contrasting situations of site 

degradation and productivity 

 

    Productivity 

    Low high 

Fl
or

is
tic

 d
eg

ra
da

tio
n 

lo
w

 

• native dominance • native dominance 

• little increase in biomass • large increase in biomass 

• little change in exotic biomass • potential increases in large 

exotic species 

• possible minor increase in 

small-scale richness of low 

biomass species 

• decline in small-scale plant 

richness, especially low 

biomass species 

hi
gh

 

• native: exotic co-dominance • exotic dominance 

• little increase in biomass • large increase in biomass 

• possible minor increase in 

small-scale richness of low 

biomass species 

• decline in small-scale plant 

richness, especially low 

biomass species 

• limited increase in native 

richness owing to propagule 

constraints 

• negligible increase in native 

diversity owing to competition 

and propagule constraints 
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Table 2. Factors examined in repeated measures analysis of variance tests 

 

Source of Variation  d.f. 

Between plots   

 Sub-region 2 

 Error (plots within sub-regions) 12 

Within plots   

 Grazing 1 

 Grazing x Sub-region 2 

 Error (grazing x plots within sub-regions) 12 

 Year 5* 

 Year x Sub-region 10* 

 Error (year x plots within sub-regions) 60 

 Year x Grazing 5* 

 Year x Grazing x Sub-region 10* 

 Error (year x grazing x plots within sub-regions) 60 

 

* For these factors degrees of freedom were adjusted using the Greenhouse-Geisser 

correction for the F-tests. 
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Table 3. Repeated measures analyses of variance of the effects of sub-region (R), 

grazing (G) and year (Y) on measures of herbaceous cover 

 
Measure Source of variation df* MS F p Pairwise tests 

Total cover R 2.0 863.0 0.71 0.513  

 Error 12.0 1223.3    

 G 1.0 2408.6 7.17 0.020  

 G x R 2.0 300.5 0.89 0.434  

 Error 12.0 335.8    

 Year 2.9 25873.1 62.50 <0.001  

 Y x R 5.7 578.6 1.40 0.245  

 Error 34.3 414.0    

 Y x G 2.8 137.0 0.75 0.518  

 Y x G x R 5.5 159.7 0.88 0.514  

 Error 33.3 181.6    

Annuals R 2.0 5.3 0.00 0.996  

 Error 12.0 1372.6    

 G 1.0 1285.9 3.40 0.090  

 G x R 2.0 397.0 1.05 0.380  

 Error 12.0 378.5    

 Year 2.9 31810.1 83.00 <0.001  

 Y x R 5.7 373.0 0.97 0.455  

 Error 34.4 383.3    

 Y x G 2.9 228.3 1.32 0.283  

 Y x G x R 5.8 123.6 0.71 0.636  

 Error 34.9 172.9    

Perennials R 2.0 871.2 8.38 0.005  

 Error 12.0 103.9    

 G 1.0 176.9 6.05 0.030  

 G x R 2.0 59.9 2.05 0.171  

 Error 12.0 29.2    

 Year 1.7 843.8 15.74 <0.001  

 Y x R 3.4 240.2 4.48 0.012  

 Error 20.4 53.6    

 Y x G 1.6 86.7 3.24 0.069 1995: p=0.060, 2002: p=0.023 

 Y x G x R 3.3 50.6 1.89 0.161  

 Error 19.6 26.8    

Exotics R 2.0 0.7 0.00 1.000  
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 Error 12.0 1450.2    

 G 1.0 1402.5 3.60 0.082  

 G x R 2.0 372.5 0.96 0.412  

 Error 12.0 389.4    

 Year 2.9 32401.6 79.65 <0.001  

 Y x R 5.7 363.2 0.89 0.507  

 Error 34.3 406.8    

 Y x G 2.8 258.4 1.43 0.251  

 Y x G x R 5.7 122.3 0.68 0.659  

 Error 33.9 180.1    

Natives R 2.0 891.3 8.15 0.006  

 Error 12.0 109.3    

 G 1.0 137.1 5.23 0.041  

 G x R 2.0 57.0 2.17 0.157  

 Error 12.0 26.2    

 Year 1.5 992.6 18.51 <0.001  

 Y x R 3.0 260.3 4.85 0.012  

 Error 18.2 53.6    

 Y x G 1.6 98.5 4.41 0.033 2002: p=0.022 

 Y x G x R 3.2 48.9 2.19 0.119  

 Error 19.2 22.3    

*  Greenhouse-Geisser adjusted
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Table 4. Repeated measures analyses of variance of the effects of sub-region (R), 

grazing (G) and year (Y) on measures of herbaceous richness 

 
Measure Source of variation df* MS F p 

Total richness R 2.0 2.7 0.29 0.752 

 Error 12.0 9.3   

 G 1.0 4.3 0.93 0.353 

 G x R 2.0 3.3 0.71 0.512 

 Error 12.0 4.6   

 Year 2.9 580.1 180.98 <0.001 

 Y x R 5.7 6.9 2.14 0.076 

 Error 34.2 3.2   

 Y x G 3.3 3.0 1.75 0.170 

 Y x G x R 6.5 1.3 0.74 0.634 

 Error 39.1 1.7   

Annuals R 2.0 11.9 1.36 0.294 

 Error 12.0 8.7   

 G 1.0 8.4 3.41 0.090 

 G x R 2.0 2.2 0.88 0.438 

 Error 12.0 2.5   

 Year 2.7 417.0 131.46 <0.001 

 Y x R 5.5 4.6 1.45 0.230 

 Error 32.9 3.2   

 Y x G 3.1 2.9 1.73 0.175 

 Y x G x R 6.3 0.7 0.41 0.872 

 Error 37.5 1.7   

Perennials R 2.0 12.8 3.35 0.070 

 Error 12.0 3.8   

 G 1.0 0.8 0.92 0.355 

 G x R 2.0 0.7 0.87 0.442 

 Error 12.0 0.8   

 Year 3.1 32.6 71.34 <0.001 

 Y x R 6.3 1.5 3.22 0.011 

 Error 37.5 0.5   

 Y x G 3.4 0.1 0.82 0.504 

 Y x G x R 6.8 0.2 1.14 0.357 

 Error 40.6 0.1   

Exotics R 2.0 9.1 0.72 0.505 
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 Error 12.0 12.5   

 G 1.0 4.3 1.55 0.237 

 G x R 2.0 2.4 0.88 0.439 

 Error 12.0 2.8   

 Year 2.9 436.0 110.31 <0.001 

 Y x R 5.7 4.0 1.01 0.433 

 Error 34.4 4.0   

 Y x G 3.0 2.2 1.15 0.341 

 Y x G x R 6.0 0.5 0.25 0.955 

 Error 35.9 1.9   

Natives R 2.0 11.2 1.64 0.235 

 Error 12.0 6.9   

 G 1.0 0.0 0.00 0.962 

 G x R 2.0 0.8 1.02 0.391 

 Error 12.0 0.7   

 Year 2.3 25.8 25.56 <0.001 

 Y x R 4.6 1.4 1.37 0.267 

 Error 27.4 1.0   

 Y x G 2.7 0.6 1.79 0.173 

 Y x G x R 5.4 0.5 1.58 0.190 

 Error 32.2 0.3   

* Greenhouse-Geisser adjusted 
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Table 5. Non-parametric multivariate repeated measures analyses of variance of the 

effects of sub-region (R), grazing (G) and year (Y) on herbaceous composition 

 

Source of variation df MS F p 

R 2 19119.7 3.70 0.0003 

Error 12 5174.8   

G 1 7098.9 2.95 0.0106 

G x R 2 1583.4 0.66 0.8237 

Error 12 2402.6   

Year 5 36026.2 27.86 0.0001 

Y x R 10 2794.9 2.16 0.0001 

Error 60 1293.2   

Y x G 5 1916.8 2.45 0.0001 

Y x G x R 10 661.0 0.84 0.8147 

Error 60 783.8   
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Table 6. Species which contributed 90% of the dissimilarity between grazed and 

ungrazed plots in 1992, and their mean percentage cover in these plots 

 

Species Grazed plots 

mean % cover 

Ungrazed plots 

mean % cover 

% 

Contribution 

*Avena barbata 19.73 35.9 41.0 

*Vulpia species 6.42 4.36 10.3 

*Bromus diandrus 1.52 3.72 6.2 

*Trifolium campestre 2.99 2.70 6.2 

*Trifolium arvense 2.38 1.37 4.4 

Juncus species 1.03 1.5 3.1 

*Bromus rubens 0.80 1.49 3.1 

*Trifolium glomeratum 2.21 0.44 3.0 

*Bromus tectorum 1.79 0.25 2.7 

*Hypochaeris glabra 1.86 0.47 2.6 

*Medicago polymorpha 1.30 0.75 2.6 

Carex tereticaulis 0.82 0.71 2.4 

*Hordeum leporinum 0.43 0.69 1.7 

Austrodanthonia setacea 0.27 0.81 1.5 

Asterisks denote exotic species 
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FIGURE CAPTIONS 

 

Fig. 1. Number of native species per quadrat in relation to percentage cover of annual 

species in ungrazed plots. The total cover of annual species was calculated from the 

summed cover of individual species, which has contributed to total cover values 

exceeding 100% in some plots. 

 

Fig. 2. Mean percent cover (+ 1 s.e.) of herbaceous plants in grazed and ungrazed plots 

over 12 years. Note different scales on Y axes. 

 

Fig. 3. Mean species richness per quadrat (+ 1 s.e.) of herbaceous plants in grazed and 

ungrazed plots over 12 years. Note different scales on Y axes. 

 

Fig. 4. Non-metric multi-dimensional scaling plot of changes over time in herbaceous 

plant communities in grazed and ungrazed plots (Stress = 0.1). Each point represents the 

average composition of 15 plots in each year. Open symbols represent grazed plots and 

filled symbols represent ungrazed plots. 
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