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Executive summary

1. The aim of this report was to determine whether
relationships exist between kangaroo density and
vegetation condition in Canberra’s lowland
grasslands and grassy woodlands. The report
analyses field data collected in 2009, 2012 and
2013 from survey plots located in 20 sites across
the northern ACT and Googong Foreshores.
2. The report does not address relationships
between vegetation structure and composition
and other grassland fauna.
3. Testable predictions were made relating kangaroo
density to plant species richness, diversity
(measured as the Floristic Value Score), indicator
species abundance, inter-tussock space, native
grass cover and vegetation height based on the
Intermediate Disturbance Hypothesis.
4. A positive relationship existed between kangaroo
density and native species richness and Floristic
Value Score at lower kangaroo densities (0 to ca. 2
per ha), but only in some years. This relationship
was strongly influenced by two small, isolated,
natural temperate grassland sites that had few or
no kangaroos. No relationship was evident at
densities above 2 kangaroos per ha.

Figure 1: Eastern Grey Kangaroos in lowland
woodlands of the Australian Capital Territory

5. There was evidence of a positive relationship between kangaroo density and inter-tussock space, and a
negative relationship between kangaroo density and native grass cover, but only in some years
(particularly the dry year 2009). Data from 2013 showed that kangaroo density was associated with an
increase in the percentage cover of short vegetation (in natural temperate grassland sites), and a
decrease in the percentage cover of tall vegetation (but only between kangaroo densities of 0 and ca. 2
per ha).
6. This study could not identify any upper limit of kangaroo density beyond which vegetation richness,
diversity and overall condition declines. However few sites had kangaroo densities that exceeded 3 per
ha.
7. This study could not identify an optimal kangaroo density that maximises richness, diversity and
condition. Richness and diversity tended to be highest when at least some kangaroos were present,
while cover of taller vegetation tended to be highest at lower kangaroo densities.
8. At the site level, changes in vegetation structure and composition varied more between years, which
may be associated with different prevailing climatic conditions, than with kangaroo densities.
9. Most statistically significant relationships between kangaroo density and vegetation condition had low
goodness-of-fit, wide confidence intervals, and varied across years and plant communities. Specific sitelevel predictions based on these relationships have a high level of uncertainty, particularly at higher
kangaroo densities.
10. The correlative nature of this study and other limitations associated with the data make it difficult to
isolate the effect of kangaroo grazing from the influence of a range of other site-level factors such as
P a g e |x

land use history, site productivity and grazing by other animals (e.g. domestic stock, rabbits). These
factors were not addressed in this study.
11. Suggestions are provided for future research. A manipulative field experiment that included multiple
replicates of paired exclosure and non-exclosure plots would likely to be a more effectively design to
quantify the effects of kangaroo grazing on grassland condition. Future designs would benefit from
discussion with biostatisticians.
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1

Introduction

1.1

Report outline

The report is structured as follows:
Chapter 1 provides a brief introduction to the lowland grassy ecosystems of the northern ACT and the issue
of kangaroo management, referencing key reports that provide in-depth literature reviews on these topics.
This chapter also states the aims, research questions and hypotheses to be addressed in the report,
including a description of the Intermediate Disturbance Hypothesis.
Chapter 2 describes the sites and survey plots, including the method of selection and location.
Chapter 3 describes the methods for the vegetation and kangaroo density surveys, the measurements that
were recorded, the selection of response and predictor variables, and the data analyses undertaken.
Chapter 4 presents the results of the data analysis, structured according to the research questions outlined
in Chapter 1. Predictions relating to the IDH are explicitly tested in this chapter.
Chapter 5 discusses the results of the data analysis in relation to prediction and associated caveats,
comments on the experimental design, and suggestions for future research.
Appendices: The appendices include the layout of the survey plots, GPS co-ordinates for survey plot
locations, survey plot photographs, and copies of data sheets.

1.2

Lowland grassy ecosystems in the Australian Capital Territory

Canberra is Australia’s “Bush Capital”; a city interspersed with extensive parkland, nature reserves, lakes,
creeks and rivers. The city and its suburbs are located in the north of the Australian Capital Territory (ACT)
(see Figure 5, pg. 9), a region that is also home to two endangered ecological communities: lowland Natural
Temperate Grassland (NTG) (Figure 2) and Yellow Box-Red Gum Grassy Woodland (YBRGGW). Both of these
communities are listed under the Nature
Conservation Act 1980 (Table 1).
The conservation of these two communities is
discussed in their respective Action Plans:
Woodlands for Wildlife: ACT Lowland Woodland
Conservation Strategy, Action Plan No. 27 (ACT
Government 2004) and A Vision Splendid of the
Grassy Plains Extended: ACT Lowland Native
Grassland Conservation Strategy, Action Plan No. 28
(ACT Government 2005).
NTG is also listed under the Commonwealth
Environment Protection and Biodiversity
Conservation Act 1999 (the EPBC Act), as part of the
ecological community Natural Temperate Grassland
Figure 2: Lowland Natural Temperate Grassland at
of the Southern Tablelands of NSW and the
Kama Nature Reserve in Belconnen, in the north of the
Australian Capital Territory (Table 2). This listing
Australian Capital Territory (see Figure 5 for location).
includes the lowland areas of NTG that are part of
this study, as well as higher elevation grasslands that
can occur at elevations of up to 1200 m above sea level (asl) in the ACT (Environment ACT 2005; pg. 5).
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1.3

Eastern grey kangaroos in Canberra’s urban areas

A significant feature of the ‘Bush Capital’ are the highly visible populations of eastern grey kangaroos
(Macropus giganteus) that occur in lowland grassy ecosystems throughout Canberra’s urban area (Figure
3). Although the eastern grey kangaroo (hereafter referred to as kangaroo) is an integral part of these
lowland grassy ecosystems, including NTG and
YBRGGW, densities have substantially increased
in the ACT since the 1960s (TaMS 2010).
This increase has raised concerns about the
impact of high kangaroo densities on lowland
grassy ecosystems in the ACT, particularly in
conservation reserves. A kangaroo management
plan was released in 2010, which includes a
review of the biology and ecology of kangaroos in
the context of their population increase in the
ACT, and their potential impacts on native
ecosystems (TaMS 2010).
Effective management of these lowland grassy
ecosystems requires an understanding of how
changes in kangaroo densities may affect
Figure 3: Eastern grey kangaroos at Oakey Hill Nature
vegetation. To meet this need, a monitoring
Reserve, Lyons; Black Mountain Tower in background.
program commenced in 2009 to investigate the
relationship between kangaroo densities and
vegetation condition in lowland grassy ecosystems of the ACT and the nearby Googong Foreshores.
Vegetation survey plots were established in sixteen sites in Canberra’s urban area, including nature
reserves and other conservation sites, as well as at Googong Foreshores, located to the east of the ACT.
Corresponding surveys were conducted to estimate kangaroo densities at each site. Surveys were first
conducted in spring 2009, followed by a second round of surveys in spring 2012. An interim report on the
2009 and 2012 surveys was recently released (Armstrong 2013).

1.4

Aim, research questions, and hypotheses

In spring 2013, a third year of surveys of vegetation condition and kangaroo densities was conducted, with
an additional five sites incorporated into the study. This report presents the results of analyses of the data
collected in all three years.
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Report Aim
The aim of this report is to determine whether relationships exist between kangaroo
density and vegetation condition in Canberra’s lowland grasslands and grassy woodlands,
using data collected in 2009, 2012 and 2013.

Research Questions
(1)
(2)
(3)

How have kangaroo densities changed spatially and temporally between 2009 and
2013?
How has vegetation condition changed spatially and temporally?
What relationships exist between kangaroo density and vegetation condition?

1.4.1 INTERMEDIATE DISTURBANCE HYPOTHESIS
Disturbances play an important role in the ecology of grassy ecosystems of south-eastern Australia,
particularly fire and grazing regimes (Tremont & McIntyre 1994; Prober, Thiele & Lunt 2007).
At very low levels of disturbance, plant species diversity in grassy ecosystems can decline, such as in areas
where fire and grazing have been excluded. If disturbances are largely absent, grasses can increase in
biomass and become dominant, monopolising resources and competitively excluding native forbs, many of
which require inter-tussock space for recruitment, establishment, growth and flowering (Lunt 1994;
Morgan 1997, 1998). Consequently, this can result in an overall decline in native plant species diversity.
Low disturbance levels can also lead to a decline in the health of the grasses themselves: studies in wet
Themeda triandra grasslands showed that in the absence of disturbance dead leaves will accumulate,
potentially resulting in the collapse of the grass canopy (Morgan & Lunt 1999).
However, at the other end of the disturbance spectrum, very high disturbance levels in grassy ecosystems
can also reduce plant species diversity. For example, high levels of grazing can cause the reduction, or even
local extinction, of disturbance-intolerant species, resulting in lower overall species diversity. In particular,
many native grassland forbs, including several rare species, are considered to be intolerant of very frequent
disturbance, particularly grazing (McIntyre & Lavorel 1994; Rehwinkel 2007).
Accordingly, it is hypothesised that species diversity is maximised at intermediate levels of disturbance,
with the lowest diversity at the extreme ends of the disturbance gradient (Figure 4). This ‘intermediate
disturbance hypothesis’ (IDH) was originally postulated by Connell (1978) to describe patterns of diversity
in coral reefs and tropical rainforests. Since then, the IDH has been tested in a range of ecosystem types
worldwide – including in grassy ecosystems of south-eastern Australia, particularly those dominated by
Themeda triandra – with mixed support (Lunt et al. 2012; Kershaw & Mallik 2013). The nature of the
underlying mechanisms driving disturbance-diversity relationships and the extent to which the IDH is
universally applicable is still debated (Fox 2013; Sheil & Burslem 2013). In particular, there are a range of
factors that may affect the dynamics of this ‘hump-shaped’ diversity-disturbance relationship.
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Species diversity
Low disturbance frequency / intensity
Low rates of biomass removal
High grass biomass
Competitive exclusion

Level of disturbance

High disturbance frequency / intensity
High rates of biomass removal
Low grass biomass
Loss of species

Figure 4: Simplified diagram of the Intermediate Disturbance Hypothesis.

Importantly, the relationship can be dependent on site productivity, and is predicted to more evident in
productive ecosystems, such as those in higher rainfall climates (Schultz, Morgan & Lunt 2011). For
example, periodic drought in drier regions may counteract competitive exclusion by dominant grasses by
reducing grass biomass and increasing grass mortality (Prober et al. 2007; Schultz et al. 2011). Additionally,
plants may recover more slowly after disturbance at unproductive sites, resulting in a slower rate of
competitive exclusion (Lunt et al. 2007).
Plant species diversity may also be affected by the presence of tree canopies in grassy ecosystems, such as
in grassy woodlands, which can suppress the germination, growth and dominance of some grass species,
and alter nutrient dynamics through processes such as litter fall, accumulation of animal droppings, and
water use (Prober, Lunt & Thiele 2002; Schultz et al. 2011). Thus, in lowland grassy ecosystems, it might be
expected that diversity-disturbance relationships differ between grassland and grassy woodland habitats.
The impacts of different disturbance types can also influence disturbance-diversity relationships. For
example, where disturbances such fire and mowing are largely indiscriminate in their removal of biomass,
grazers can be selective in terms of which species they consume. If the dominant grass species is
unpalatable to the grazers present, then there may be little impact of the grazers on promoting species
diversity (Lunt et al. 2007).

1.4.2 PREDICTIONS FROM THE INTERMEDIATE DISTURBANCE HYPOTHESIS
This report will use the IDH as a basis to examine the relationship between vegetation condition and
kangaroo density in the lowland grassy ecosystems of the ACT, with kangaroo density assumed to be a
surrogate for grazing (disturbance) intensity.
A range of variables will be examined in relation to vegetation condition. As the IDH relates specifically to
species diversity, this report will focus on the relationships between kangaroo density and plant species
richness and diversity, assessed as both native and exotic species richness, and as diversity by using the
Floristic Value Score (which will be described in Section 3.6.1).
However, the overall condition of grassy ecosystems in south-eastern Australia can be also be described by
a range of additional variables, such as understorey structure, inter-tussock space, tussock height, grass
cover and grass biomass. Many of these additional variables can be extremely important for fauna that
reside in grassy ecosystems, and are therefore also important to consider, alongside floristic patterns.
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Indeed, there are several underlying mechanisms predicted by the IDH that relate to other ecological
factors such as these (Figure 4).
Hence, using the IDH, several predictions can be made pertaining to the relationships between kangaroo
density, species richness/diversity, and vegetation condition in lowland grassy ecosystems of the ACT:
Prediction 1: A relationship will exist between kangaroo density and species richness/diversity. The IDH
specifically predicts that the relationship will be humped-shaped, with the highest species
richness/diversity evident under intermediate levels of kangaroo grazing pressure.
Prediction 2: Kangaroo density will be positively related to inter-tussock space.
Prediction 3: Kangaroo density will be negatively related to native grass cover and understorey vegetation
height.
These predictions will be explicitly examined as part of addressing the third research question.
An important outcome of this project is to identify whether there are upper and lower kangaroo densities
that result in a decline in species richness/diversity and overall vegetation condition, and whether there is
an optimal kangaroo density that results in the maximum species diversity and vegetation condition.
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2

Site and survey plot selection

2.1

Site selection and overview

At the commencement of the project in 2009, 17 sites across the northern ACT region were selected for
inclusion, including at Googong Foreshores (Armstrong 2013). These sites consisted of a range of land use
types, managed by difference agencies, including nature reserves, Department of Defence land and
National Capital Authority land. One of these sites (Majura Training Area) was dropped from the project in
2012 due to access issues (Armstrong 2013), and will not be reported on further. The sites that were
initially included in the study in 2009 were selected to encompass a range of kangaroo densities in areas
that possessed relatively high grassland or woodland values. The selection was limited by the kangaroo
density data available at the time.
In 2012, an additional site, Campbell Park, was added to the project to replace the loss of Majura Training
Area (Armstrong 2013). In 2013, a further four sites were added to the project: Gungaderra Nature
Reserve, Majura Nature Reserve, Mt Painter Nature Reserve and the Pinnacle Nature Reserve, giving 20
sites in total (Table 3; Figure 5).
Sites ranged in size from 1.5 ha (St Mark’s Cathedral, in Barton) to 1,443 ha (Googong Foreshores). The size
of several sites was calculated as the broader kangaroo management unit (KMU), an area which includes
any adjacent open space areas that kangaroos may also occupy, typically bounded by features that may
restrict kangaroo movement such as high speed roads (Environment ACT 2014). No size was calculated for
Campbell Park because it is unclear how far kangaroos roam in this area.
Both woodland-dominated and grassland-dominated sites were included in the project (Table 3). The
percentage of grassland for each reserve was determined as the percent of grassland patches present
greater than 3 ha in size.

2.2

Survey plot selection and overview

Between one and five square survey plots were established at each site (Figure 5) and permanently marked
with a star picket in one corner and three yellow corner pegs in the remaining three corners. Each survey
plot consisted of a 20 x 20 m quadrat, with an additional 50 metre step point transect extending out from
one of the corners. The layout and design of the survey plots, along with the grid co-ordinates and any
location details, are provided in Appendix A .
The number of individual survey plots within each of the twenty sites was determined by the overall site
size and heterogeneity (e.g. sites with NTG and YBRGGW have more survey plots than similar sized sites
with only one vegetation type), the number of high quality remnant patches within the site and the survey
resources available at the time (see Figure 8, pg. 18 for stylised example).
The survey plots were purposely located within each site to target high quality vegetation patches. As a
consequence, any outcomes and conclusions that are drawn from this project should be applicable only to
high quality vegetation patches.
One survey plot at Mulangarri Nature Reserve (NR) was removed in 2013 due a new fence being
constructed through the plot, and is not included in the analysis.
After taking into account the addition and removal of sites and survey plots across the three years, the total
number of survey plots included in this report is as follows: 46 in 2009, 49 in 2012 and 62 in 2013 (Table 3;
Figure 5).
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Figure 5: Map showing the location of the twenty sites and 62 survey plots. Inset in top right hand corner shows the
location of the larger map in the context of the ACT boundary (indicated by the yellow square). NTG = natural
temperate grassland.
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relatively constant between years, and hence for the 2013 surveys this data was checked for each survey
plot and not repeated if there were no differences from the 2012 surveys. However, the rapid
assessment was completed for the new survey plots established in 2013.

3.4

Notes on plant species names

In this report, the following plant species names are adopted:
–
–
–

Themeda triandra (syn. Themeda australis)
Rytidosperma spp. (formerly Austrodanthonia spp.)
Xerochrysum viscosum (formerly Bracteantha viscosa)

In the ACT, at least twenty species of Rytidosperma are listed as occurring (Lepschi, Mallinson & Cargill
2012), many of which require detailed examination of flowers to identify. During most surveys, it was too
difficult to determine the number different Rytidosperma species and their identity due to lack of
flowering; hence, in most cases these are identified to the genus level only. It should be noted that by
lumping these commonly-occurring native grasses, actual native species richness is likely to be
underestimated. However, consistency in lumping across years and surveys should result in a relatively
uniform under-estimation.
Other species that were almost always identified to genus level only include: Wahlenbergia, Aira, Bromus,
Avena and Juncus.

3.5

Issues with the 2D Line-intersect Structure Method

Exploratory data analysis revealed several issues with the quality and consistency of the data collected
using the LiSM, particularly in 2012. For these reasons, only the 2013 data will be used in the analysis.
These issues are discussed further in Section 5.5.3.

3.6

Data analysis

3.6.1 RESPONSE VARIABLES
A range of response variables were calculated for each survey plot that relate to species richness, diversity
and vegetation condition (Table 7).

Calculation of the Floristic Value Score (FVS)
Numerous indices have been developed to quantify species diversity, many of which take into account both
species richness or number as well as the relative abundance of species (Krebs 1994). In this study, diversity
was estimated with a locally-developed metric called the Floristic Value Score (FVS).
Each survey plot was assigned a floristic value score (FVS), a relative quantitative value developed by
Rehwinkle (2007) for grasslands and the ground layer of grassy woodlands in the region to indicate a site’s
conservation value. This value incorporates not only a site’s species richness, but also the presence and
abundance of significant species occurring in the Southern Tablelands region of New South Wales and the
Australian Capital Territory. A site scores a higher value when there is the presence of rare ‘indicator’
species, which are mostly rare grazing-intolerant, or declining species (Rehwinkel 2007). A full list of these
species is provided in the appendices of Rehwinkle (2007). According to Rehwinkle (2007; pg. 3):
“This method relies on three groupings of species, referred to as:
1. Common or increaser species, which do not add much to the value of a site; these have a
significance score of 1;
2. “Indicator species, level 1”, which indicate that the site has value; and
P a g e | 14

Figure 7: NMDS showing distribution of sites across all years based on species presence/absence. Sites are coloured
by pre-determined vegetation structure type. Green = natural temperate grassland, red = woodland, and orange =
secondary grassland. Site codes: BN = Belconnen Naval Transmission Station; CB = Callum Brae Nature Reserve; CP =
Campbell Park; CR = Crace Nature Reserve; DU = Dunlop Nature Reserve; GG = Googong Foreshores; GO =
Goorooyaroo Nature Reserve; GU = Gungaderra Nature Reserve; JE = Jerrabomberra East Nature Reserve; JW =
Jerrabomberra West Nature Reserve; KA = Kama Nature Reserve; MA = Majura Nature Reserve; MU = Mulangarri
Nature Reserve; NM = North Mitchell; NT = Broadcast Australia; PA = Mt Painter Nature Reserve; PI = The Pinnacle
Nature Reserve; SM = St Mark’s Cathedral; WH = Wanniassa Hills NR; YA = Yarramundi Reach. The figures after the
site codes are the survey plot number, followed by the year of survey (09, 12 or 13).

3.6.3 DATA EXPLORATION AND ANALYSIS
This study examines correlations between field measurements recorded at survey plots located within sites
with different kangaroo densities. Due to the non-experimental nature of the study design, several
considerations need to be taken into account for statistical analyses.
Firstly, measurements of the same survey plot in different years need to be considered as ‘repeated
measures’, rather than as independent observations (Gurevitch & Chester 1986). In particular,
measurements taken at the same plot in different years are likely to be more similar to one another than to
measurements taken at a different plot. Furthermore, measurements taken at closer time intervals (e.g.
2012 compared to 2013) may be more highly correlated than those taken at more distance time intervals
(e.g. 2009 compared to 2013).
To address this issue, patterns between kangaroo density and vegetation response variables were
examined within each year separately. In addition, as an alternative approach to examining year to year
differences, the relationship between kangaroo density and vegetation response variables were also
investigated as the changes within a single time period, i.e. between 2009 and 2012, and between 2012
and 2013.
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1. Kangaroo density (the main predictor variable of interest);
2. Potential differences in the relationship between kangaroo density and vegetation condition across
vegetation structure types (NTG, secondary grassland, and woodland), given their different floristic
composition (Figure 7) and overstorey structure (i.e. tree canopy) (e.g. Section 1.4.1);
3. Potential differences between years.
Firstly, comparisons of changes within two time intervals were undertaken separately: (a) 2009-12 and (b)
2012-13. This approach avoids the temporal correlation between measurements taken at the same survey
plot in different years. For each time period, the percentage change in each of the main vegetation
response variables was calculated (i.e. native species richness, FVS, exotic species richness, native forb
richness, inter-tussock space and native grass cover). Scatter plots were then used to examine the
relationship between the percentage change in vegetation response and the corresponding change in
kangaroo density, considered as both a percentage change and as the raw numbers. Any evidence of a
relationship was examined further with linear regression models.
This data is also presented in separate tables for each site to enable a more thorough understanding of
changes at individual sites.
Secondly, Analyses of Covariance (ANCOVA) and Generalised Additive Models (GAMs) were used to
examine the relationship between each of the main vegetation response variables and the two main
predictor variables: kangaroo density and vegetation structure type, with separate analyses conducted for
the three years of the study (2009, 2012 and 2013). ANCOVAs were performed to test for any significant
interaction between kangaroo density (the covariate) and vegetation structure type (the factor, with three
levels: NTG, woodland and secondary grassland). A significant interaction between these two predictor
variables indicates that the relationship between kangaroo density and the vegetation response variable
depends on whether vegetation type is NTG, woodland or secondary grassland.
If a significant interaction was found, then the relationships between response variables and kangaroo
densities were examined for each vegetation type separately. However, if no significant interaction was
identified, then all observations were pooled across all vegetation structure types.
ANCOVAs test for linear relationships between the variables. However, the relationships between kangaroo
density and vegetation response variables may not necessarily be linear; for example, the IDH predicts a
humped-shape relationship between diversity and disturbance. As such, fitting a linear model may not
necessarily be an appropriate description of the relationship (Quinn & Keough 2002). After testing for any
interaction between kangaroo density and vegetation structure, two analyses were therefore performed: a
standard linear regression followed by a GAM. GAMs allow the fitting of smooth curves to the data without
the a priori assumption of a particular response curve shape (Zuur et al. 2009). For some response
variables, the linear regression was a better fit to the data, as assessed by model goodness of fit (R2). The
degree of smoothing for each GAM fit was determined by the gam function’s default method, except for
several response variables where the degree of smoothing was explicitly specified to eliminate a tendency
for the model to overfit the data.
The P level for statistical significance was set at 0.05, with values between 0.05 and 0.08 being described in
the results as ‘marginally significant’. In the latter cases there is a higher probability of a false rejection of
the null hypothesis (i.e. that there is no relationship between the variables), also known as a Type I error. It
is also important to note that statistical significance does not necessarily imply biological significance, and
even when a statistical relationship is present, predictive power may be very low. Consequently, 95%
confidence intervals for relationships are provided graphically where possible. The issue of using the
statistical models for prediction is more thoroughly explored in the Discussion.
All analyses were conducted using R, the free software environment for statistical computing and graphics
(R Development Core Team 2009). Packages used included lattice (Sarkar 2008), vegan (Oksanen et al.
2009), mgcv (Wood 2011) and ggplot2 (Wickham 2009).
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4

Results

4.1

Question 1: How have kangaroo densities changed spatially and
temporally?

Kangaroo densities at a site ranged between zero and 4.54 kangaroos per hectare (Figure 9). Two sites had
no kangaroos recorded in any year: Yarramundi Reach and St Mark’s Cathedral. North Mitchell had no
kangaroos present in 2009 and just one kangaroo (a male) at a density of 0.04 per hectare in 2012 and
2013.
At most sites in most years less than three kangaroos per ha were recorded. There were only five occasions
where more than three kangaroos per ha were recorded (Figure 9):





Wanniassa Hills NR in 2012 and 2013;
Googong Foreshores in 2013;
Jerrabomberra East NR in 2009, and
Jerrabomberra East NR outside of the exclosure in 2013, which was the highest density recorded in any
survey (4.54 kangaroos per ha).

Some sites have active kangaroo management to either maintain or reduce kangaroo densities from year to
year.
There was no consistent change in kangaroo density between years in sites that were surveyed in multiple
years (Table 9). For example, at Callum Brae NR there was very little change in density between 2009-12
and 2012-13. At some sites density increased across both time periods (e.g. Jerrabomberra West NR,
Broadcast Australia, Crace NR and Mulangarri NR), whereas in other sites it declined (e.g. Kama NR and
Goorooyaroo NR). At other sites, density declined across one time period but increased across the other
(e.g. Wanniassa Hills NR, Jerrabomberra East NR, Belconnen Naval Transmission Station and Dunlop NR).
Several sites experienced relatively large year-to-year fluctuations in kangaroo density, shown here as
outliers that fall outside 1.5 times the range of the spread between the 25% and 75% quartiles (Figure 10).
At Wanniassa Hills NR density increased by 3 kangaroos per ha – a greater than 200% increase – between
2009 and 2013 (Figure 10a,c), while at Belconnen Naval Transmission Station density increased by 1.3
kangaroos per ha – an almost 100% increase – between 2009 and 2012 (Figure 10a,c). Changes at most
other sites were less than ca. 0.5 kangaroos per ha (Table 9; Figure 10). The two kangaroo exclosures at
Jerrabomberra East NR and Jerrabomberra West NR experienced the largest declines of any site in
kangaroo densities between 2009 and 2012 (Figure 10a,c).
Between 2012 and 2013, Jerrabomberra East NR (outside of the exclosure) experienced a relatively large
increase in raw kangaroo density (Figure 10b), although in terms of the percentage change in density it was
not an outlier (Figure 10d). Similarly, Goorooyaroo NR and Belconnen Naval Transmission Station both
experienced a relatively large decline in kangaroo density between 2012 and 2013 (Figure 10b), although
not in percentage terms (Figure 10d).
It could be hypothesised that those sites that experienced relatively large changes in kangaroo density may
also undergo relatively large changes in vegetation condition and plant species diversity, relative to sites
where kangaroo numbers changed little.
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Figure 10: Box-and-whisker plots illustrating the distribution of site-level kangaroo density changes between 20092012 and 2012-13, showing the median (indicated by the thick black line), the spread between the 25% and 75%
quartiles (indicated by the ends of the boxes), values that fall within 1.5 times the spread (indicated by the length of
the whiskers), and outliers (data points that are greater than 1.5 times the spread). (a) Change in density between
2009 and 2012; (b) Change in density between 2012 and 2013; (c) Percentage change in density between 2009 and
2012; (d) Percentage change in density between 2012 and 2013. Outliers are labelled.

4.2

Question 2: How has vegetation condition changed spatially and
temporally?

4.2.1 COMPARISON OF VEGETATION STRUCTURE TYPES AND YEARS
Patterns in native species richness, FVS, native forb richness and exotic species richness between years and
between vegetation structure type (NTG, woodland and secondary grasslands) are presented as box-andwhisker plots in Figure 11.
In 2009, native species richness was similar among vegetation types, with median values ranging between
21 (in NTG) and 27 (in secondary grasslands). Variability was greatest among NTG plots (Figure 11a). In
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2012 and 2013, native species richness tended to be higher in secondary grasslands and woodlands than in
NTG (Figure 11b-c). Yarramundi Reach was an outlier in 2012 and 2013, with native species richness
relatively low compared to other NTG sites.
FVS was similar across vegetation types, although again median differences tended to be more pronounced
in 2012 and 2013 (Figure 11d-f). Variability in FVS can be high; for example, in 2009 FVS ranged between 7
and 47 in NTG alone (Figure 11d). The NTG plot at Mulangarri NR was an outlier with high native species
richness and FVS in 2012 (Figure 11b,e).
Native forb richness followed a similar pattern to native species richness, with a tendency to be higher in
secondary grasslands and woodlands compared to NTG in 2012 and 2013 (Figure 11g-i). There were a
number of outliers in all three years; Yarramundi Reach was again an outlier with low native forb richness in
NTG plots in 2012 and 2013.
Exotic species richness tended to be similar across vegetation types in 2009, with median values ranging
between 11.9 and 13.8. Variation across sites was low except in NTG; Kama NR contained 18 exotic species
(Figure 11j). Exotic species richness tended to rise in 2012 and 2013, particularly in woodlands in 2012, with
a median value of 19 species (Figure 11k).
Patterns in inter-tussock space and native grass cover richness between years and between NTG, woodland
and secondary grasslands are presented as box-and-whisker plots in Figure 12. These are measurements
recorded along the step point transect.
Inter-tussock space tended to be high in 2009, with median values of 49% (in NTG and secondary
grasslands) and 58% (in woodlands) (Figure 12a). In comparison, median values in 2012 were lower,
especially in NTG (26%), but also in secondary grasslands (42%) and woodlands (46%). A similar pattern was
observed in 2013 although data for secondary grasslands were more variable. There were a number of
outliers – in particular the NTG and woodlands plots at Dunlop NR, which had a relatively high percentage
of inter-tussock space in 2013 (Figure 12c). This was driven by high percentages of exotic annual grass
recorded at this site during 2013.
Native grass cover did not differ consistently across vegetation types, apart from a weak tendency for cover
to be lower in woodlands than in NTG (Fig. 12d-f), but generally increased between 2009 and 2012-2013. In
2013 North Mitchell, the Pinnacle NR and Dunlop NR had low native grass cover compared to other sites
(Figure 12f).
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(d) Floristic value score 2009

(e) Floristic value score 2012
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Figure 11: Box-and-whisker plots of (a-c) native species richness, (df) Floristic Value Score, (g-i) native forb richness
and (j-l) exotic species richness, between years and vegetation structure, illustrating the median (indicated by the
thick black line), the spread between the 25% and 75% quartiles (indicated by the ends of the boxes), values that
fall within 1.5 times the spread (indicated by the length of the whiskers), and outliers (data points that are greater
than 1.5 times the spread). Outliers are labelled.
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(a) Inter-tussock space (%) 2009

(b) Inter-tussock space (%) 2012

(c) Inter-tussock space (%) 2013
Dunlop
NR
Dunlop NR

Mulangarri NR

Broadcast Australia

(d) Native grass cover (%) 2009

(e) Native grass cover (%) 2012

(f) Native grass cover (%) 2013

Pinnacle NR
Dunlop
NR
North Mitchell

Figure 12: Box-and-whisker plots of (a-c) inter-tussock space and (d-f) native grass cover, between years and
vegetation structure, illustrating the median (indicated by the thick black line), the spread between the 25% and
75% quartiles (indicated by the ends of the boxes), values that fall within 1.5 times the spread (indicated by the
length of the whiskers), and outliers (data points that are greater than 1.5 times the spread). Outliers are labelled.

4.2.2 OVERVIEW OF INDICATOR SPECIES
Twenty-three indicator species were recorded over the three survey years (Table 10). Several genera
(Arthropodium, Ranunculus, Microtis, Geranium and Pterostylis) contained more than one species or had
individual plants identified only to genus; for each of these individuals were summed to produce total
counts. The most frequently recorded species (i.e. identified to species level) were Goodenia pinnatifida,
Bulbine bulbosa, Eryngium ovinum and Wurmbea dioica (Figure 13). These species will be the focus of
further exploration.
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(a)

(b)

(c)

(d)

Figure 13: Four most common indicator species: (a) Goodenia pinnatifida; (b) Bulbine bulbosa; (c) Eryngium ovinum
and (d) Wurmbea dioica. All images courtesy of the Australian National Botanic Gardens photographic collection
(photographs by Murray Fagg).

Sites ranged from having zero to five different indicator species recorded in any one survey (Figure 14). The
only site with zero indicator species was Callum Brae in 2009.
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4.3

Question 3: What relationships exist between vegetation condition
and kangaroo density?

4.3.1 COMPARISON OF CHANGES WITHIN TIME INTERVALS
There was no clear relationship between the percentage change in vegetation response and change in
kangaroo density in either of the two time intervals (i.e. between 2009 and 2012, nor between 2012 and
2013). This lack of relationship was evident when change in kangaroo density is considered in terms of both
raw numbers and percentages (Figure 17-Figure 22).
In the previous section examining how kangaroo densities have changed spatially and temporally, it was
hypothesised that “those sites that experienced relatively large changes in kangaroo density may also
undergo relatively large changes in vegetation condition and plant species diversity, relative to sites where
kangaroo numbers changed little” (pg. 20). The data presented below suggest otherwise. Instead, most
sites experienced relatively small changes in kangaroo density, particularly in the first time interval (200912). However, the variation in corresponding vegetation response variables was often very large, varying
from strongly negative to strongly positive. Those sites that did experience relatively large changes in
kangaroo density did not consistently exhibit large changes in vegetation condition and plant species
diversity.

Figure 17: Comparison of the percentage change in native species richness with: (a) change in kangaroo density
between 2009-2012; (b) change in kangaroo density between 2012-2013; (c) percentage change in kangaroo density
between 2009-2012; and (d) percentage change in kangaroo density between 2012-2013.
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Figure 18: Comparison of the percentage change in floristic value score (FVS) with: (a) change in kangaroo density
between 2009-2012; (b) change in kangaroo density between 2012-2013; (c) percentage change in kangaroo density
between 2009-2012; and (d) percentage change in kangaroo density between 2012-2013.

Figure 19: Comparison of the percentage change in exotic species richness with: (a) change in kangaroo density
between 2009-2012; (b) change in kangaroo density between 2012-2013; (c) percentage change in kangaroo density
between 2009-2012; and (d) percentage change in kangaroo density between 2012-2013.
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Figure 20: Comparison of the percentage change in native forb richness with: (a) change in kangaroo density
between 2009-2012; (b) change in kangaroo density between 2012-2013; (c) percentage change in kangaroo density
between 2009-2012; and (d) percentage change in kangaroo density between 2012-2013.

Figure 21: Comparison of the percentage change in inter-tussock space (ITS) with: (a) change in kangaroo density
between 2009-2012; (b) change in kangaroo density between 2012-2013; (c) percentage change in kangaroo density
between 2009-2012; and (d) percentage change in kangaroo density between 2012-2013.
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Figure 22: Comparison of the percentage change in native grass cover with: (a) change in kangaroo density between
2009-2012; (b) change in kangaroo density between 2012-2013; (c) percentage change in kangaroo density between
2009-2012; and (d) percentage change in kangaroo density between 2012-2013.

4.3.2 COMPARISON OF CHANGES WITHIN TIME INTERVALS: SITE-LEVEL RESULTS
The following section presents the data in the previous section for each site separately. As well as
percentage change within each time period (2009-2012, and 2012-2013), means for each year are also
provided. The data are similar to those presented in Baines and Jenkins (2013), except that means are
separated by vegetation type (NTG, woodlands and secondary grasslands).

Belconnen Naval Transmission Station
Kangaroo density at Belconnen Naval Transmission Station increased between 2009 and 2012, and
decreased between 2012 and 2013 (Table 12). All measures of species richness (including exotic species),
FVS and native grass cover increased across both time intervals, although native forb richness and FVS
increased by less than 10%. Inter-tussock space declined across both time intervals.
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(a) Native species richness

(b) Floristic Value Score

Figure 23: Scatter plots of average site-level (a) native richness and (b) Floristic Value Score in relation to kangaroo
density. The plot at St Mark’s Cathedral is labelled as “SM”.

Relationships between kangaroo density and species diversity
ANCOVA indicated no significant interaction between kangaroo density and vegetation structure for either
native species richness (Table 32a) or FVS (Table 32b). Therefore, further investigation of the relationships
between kangaroo density and native species richness and FVS were examined for all sites pooled together.
ANCOVA also suggested a significant linear relationship between kangaroo density and native species
richness in 2012 only (Table 32a).
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(a) 2009

(d) 2009: without Yarramundi Reach and North Mitchell
2

R = 0.32

(b) 2012

(e) 2012: without Yarramundi Reach and North Mitchell

2

R = 0.15 (linear)
2
R = 0.31 (GAM)

(c) 2013

(f) 2013: without Yarramundi Reach and North Mitchell

Figure 24: Relationships between kangaroo density and native species richness. (a) to (c) include all sites, whereas
(d) to (f) are the same graphs but with Yarramundi Reach and North Mitchell removed as outliers. Fitted curves are
predictions (+ 95% confidence intervals) from significant GAMs; in (b) the grey curves are from a significant linear
fit.

There was no evidence of a significant linear or non-linear relationship between FVS and kangaroo density
in 2009 (Figure 25a) or in 2013 (Figure 25c). However in 2012 a marginally significant linear relationship
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between kangaroo densities and FVS was evident (F1,21 = 3.788, adjusted R2 = 0.11, P = 0.07; Figure 25b).
Explanatory power was not improved by incorporation of non-linearity into the model. Mulangarri NR had a
very high FVS in 2009 and 2012 and has previously been identified as an outlier (see Section 4.2.1).
Similar to the previous analyses examining native species richness, 2012 data were re-analysed without
North Mitchell and Yarramundi Reach to examine any potential influence of these two sites. No significant
relationship, either linear or non-linear, was detected (Figure 25e), again showing that data from these two
sites are a key driver of the relationship between kangaroo density and FVS in 2012.
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(a) 2009

(d) 2009: without Yarramundi Reach and North Mitchell
Mulangarri NR

(b) 2012

(e) 2012: without Yarramundi Reach and North Mitchell
Mulangarri NR

2

R = 0.11

(c) 2013

(f) 2013: without Yarramundi Reach and North Mitchell

Figure 25: Relationships between kangaroo density and Floristic Value Score (FVS). (a) to (c) include all sites,
whereas (d) to (f) are the same graphs but with Yarramundi Reach and North Mitchell removed as outliers. Fitted
curves are predictions (+ 95% confidence intervals) from significant linear regressions and/or GAMs.

Native forb richness and exotic species richness
Results from ANCOVA indicated that there was no significant interaction between kangaroo density and
vegetation structure for either native forb (Table 33a) or exotic species richness (Table 33b). Therefore,
further investigation of the relationship between kangaroo densities and native forb richness and exotic
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(a) 2009

(d) 2009: without Yarramundi Reach and North Mitchell
2

R = 0.27

(b) 2012

(e) 2012: without Yarramundi Reach and North Mitchell
2

R = 0.19 (linear)
2
R = 0.28 (GAM)

(c) 2013

(f) 2013: without Yarramundi Reach and North Mitchell

Figure 26: Relationships between kangaroo density and native forb richness. (a) to (c) include all sites, whereas (d)
to (f) are the same graphs but with Yarramundi Reach and North Mitchell removed as outliers. Fitted curves are
predictions (+ 95% confidence intervals) from significant GAMs; in (b) the grey curves are from a significant linear
fit.

For exotic species richness, there was no evidence of any significant linear or non-linear relationship with
kangaroo density in any year (Figure 27).
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(a) 2009

(b) 2012

(c) 2013

Figure 27: Relationships between kangaroo density and exotic species richness in (a) 2009, (b) 2012 and (c) 2013,
with all sites pooled.

Counts of all individuals of all indicator species
ANCOVA indicated that was a marginally significant interaction between kangaroo density and vegetation
structure in 2012, but no significant interaction for 2009 or 2013 (Table 34). Therefore, further investigation
of the relationships between kangaroo density and indicator species counts were examined for all sites
pooled together in 2009 and 2013, but for 2012 patterns were examined within each vegetation structure
type separately.
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(a) 2009

(b) 2013
2

R = 0.15

Figure 28: Relationships between kangaroo density and indicator species in (a) 2009 and (b) 2013, with all sites
pooled.
(a) 2012 – NTG

(b) 2012 – Secondary grasslands

(c) 2012 - Woodlands
2

R = 0.58

Figure 29: Relationships between kangaroo density and indicator species abundance in 2012 for (a) NTG, (b)
secondary grasslands and (c) woodlands. Fitted curves are predictions (+ 95% confidence intervals) from significant
linear regressions.
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(a) 2009

(b) 2012
2

2

R = 0.13

R = 0.11

Dunlop NR

Figure 30: Relationships between kangaroo density and inter-tussock space in (a) 2009 and (b) 2013, with all sites
pooled. Fitted curves are predictions (+ 95% confidence intervals) from significant regressions.

In 2013, no significant relationship was found between kangaroo density and inter-tussock space when
examining vegetation types separately (Figure 31). There was also no evidence of a relationship with all
sites pooled together (not shown).

(a) NTG

(b) Secondary grassland

(c) Woodland

Figure 31: Inter-tussock space for 2012 and 2013, separated by vegetation structure.

4.3.5 PREDICTION 3
Prediction 3 was “Kangaroo density will be negatively related to native grass cover and understorey
vegetation height.”

Native grass cover
ANCOVA indicated that there was no interaction between kangaroo density and vegetation structure type
in any year (Table 36). Therefore, all sites were pooled together for further analyses. There was weak
evidence of a significant linear relationship with kangaroo density in 2009.
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(a) 2009

(b) 2012

2

R = 0.12

(c) 2013

Figure 32: Relationships between kangaroo density and native grass cover. Fitted curves are predictions (+ 95%
confidence intervals) from significant linear regressions.

Vegetation height
ANCOVA indicated a marginally significant interaction between kangaroo density and the percentage cover
of short vegetation in 2013 (< 10 cm in height), as measured using the LiSM (Table 37a). As a consequence,
the relationship between short vegetation and kangaroo density was examined for each vegetation
structure type separately. ANCOVA also indicated a significant effect of kangaroo density.
There was no significant interaction between kangaroo density and the percentage cover of tall vegetation
in 2013 (> 30 cm in height), as measured using the LiSM (Table 37b). ANCOVA also indicated a significant
effect of kangaroo density; all sites were pooled to examine this further (Figure 34).
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(a) NTG

(b) NTG – with Jerrabomberra East excluded
2

R = 0.53

(c) Secondary grasslands

2

R = 0.52

(d) Woodlands

Figure 33: Relationships between kangaroo density and short vegetation in 2013 (< 10 cm, measured as the % of
height class categories 5 and 6 using the LiSM); separate analyses for each vegetation structure. Fitted curves are
predictions (+ 95% confidence intervals) from significant GAMs.

A significant negative linear relationship was found between kangaroo density and the percentage cover of
tall vegetation (F1,27 = 8.568, adjusted R2 = 0.24, P < 0.001; not shown). GAM showed an improved fit with a
significant non-linear relationship, consisting of an initial decrease in the percentage cover of tall
vegetation with increasing kangaroo density, followed by a flattening of the curve above 2 per ha (F = 6.22,
adjusted R2 = 0.42, P < 0.001; Figure 34).
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2

R = 0.42

Figure 34: Relationship between kangaroo density and tall vegetation in 2013 (> 30 cm, measured as the % of height
class categories 5 and 6 using the LiSM). Fitted curves are predictions (+ 95% confidence intervals) from significant
GAMs.
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5

Discussion

5.1

Overview of findings

The aim of this report was to determine whether relationships exist between kangaroo density and
vegetation condition in Canberra’s lowland grasslands and grassy woodlands, using data collected in 2009,
2012 and 2013.
Overall, few statistically significant relationships were identified between kangaroo density and a range of
response variables relating to plant species richness, diversity and vegetation structure. Many relationships
that were identified tended to have low or marginal levels of statistical significance and explained little
variation in the data, and hence had large confidence intervals and poor predictive power. Therefore, using
these relationships to predict how vegetation at a specific site might respond to a particular kangaroo
density or change in density would involve a high degree of uncertainty. These and other caveats are
discussed in more detail below.
The key statistically significant results from the analyses are as follows:
1. Relationships between kangaroo density and species diversity/richness
 Native species richness and native forb richness were related to kangaroo density in 2009 and 2012. The
relationships were non-linear and characterised by a positive relationship between richness and
kangaroo density at low kangaroo densities (0 to ca. 2 per ha) followed by a plateau (no relationship)
above ca. 2 per ha. These positive relationships disappeared when the two NTG sites with zero (or near
to zero) kangaroo densities were excluded from the analysis.
 Species diversity in this study was assessed with the Floristic Value Score. There was a marginally positive
linear relationship between FVS and kangaroo density in 2012. FVS varied widely across sites (range <10
to >40) in all years.
 There was a marginally significant non-linear relationship between abundance (counts) of indicator
species and kangaroo density in 2013, with minimum abundance occurring at medium kangaroo
densities.
2. Relationships between kangaroo density and vegetation structure
 There was a positive linear relationship between inter-tussock space and kangaroo density in 2009 and
2012 but not 2013. The slope of the relationship was steeper (i.e. inter-tussock space rose more rapidly
with kangaroo density) in 2009 than in 2012.
 A negative relationship between native grass cover and kangaroo density was found in 2009 (a drought
year).
 Kangaroo density was related to vegetation height: as kangaroos increased in density, the percentage
cover of short vegetation increased, and the percentage cover of tall vegetation decreased. For tall
vegetation this relationship was non-linear with a rapid decline in tall vegetation between 0 and 2
kangaroos per ha but no relationship between 2 and 4 per ha.
In addition:
 There was no consistent relationship across the two survey time periods (2009-2012 or 2012-2013)
between changes in vegetation response variables and changes in kangaroo densities. For example,
relatively large changes in kangaroo densities were not consistently associated with relatively large
changes in vegetation response variables.
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5.2

Addressing the predictions

This report posed several predictions by applying the Intermediate Disturbance Hypothesis to the dynamics
of lowland grassy ecosystems in the ACT. An important outcome was to identify whether there are upper
and lower kangaroo densities that result in a decline in species richness/diversity and overall vegetation
condition, and whether there is an optimal kangaroo density that results in the maximum species
richness/diversity and vegetation condition.
Prediction 1: A relationship will exist between kangaroo density and species richness/diversity. The IDH
specifically predicts that the relationship will be humped-shaped, with the highest species richness/diversity
evident under intermediate levels of kangaroo grazing pressure.
 There was partial support for this prediction. Native species (and forb) richness and the FVS were
positively related to kangaroo density at lower levels of kangaroo density (0 to ca. 2 per ha) but not
across higher densities. These data suggest that the presence of at least some kangaroos is important for
maintaining diversity. Previous research in south eastern Australia also suggests that species diversity
may decline in undisturbed grassy ecosystems, particularly in productive Themeda-dominated grasslands
(Morgan 1998; Schultz et al. 2011; Lunt et al. 2012).
 However, this result was largely driven by data from two unusual sites, North Mitchell and Yarramundi
Reach. Both are relatively small and isolated NTG sites surrounded by busy roads. Other factors relating
to site size, habitat continuity, and location may also account for their poor vegetation quality
(particularly Yarramundi Reach) rather than solely a lack of kangaroo grazing. For example, species
richness can be lower in small sites because of the absence of infrequent species and increased exotic
species invasion, even when grazing pressure is low (Prober & Thiele 1995).
 There was no decline in species richness or diversity (measured as FVS) detected at higher kangaroo
densities (> ca. 2 per ha). There are several possible explanations for this result, including:
–

–
–

No such relationship exists. For example, native forb and grass species of south-eastern Australian
grassy ecosystems tend to respond differently to gradients of grazing pressure, with some
favoured by higher levels of grazing, whereas others can decline, even under low grazing levels
(e.g. Prober & Thiele 1995). This could result in little change when examining overall species
richness, even though the species composition may be changing in relation to grazing pressure.
However, the FVS – which takes into account the abundance of Indicator Species that are sensitive
to grazing, as well as species richness – also showed no relationship at higher levels of grazing
pressure.
Maximum kangaroo densities were too low for an effect to be found. Sites with higher densities
are required to examine any impact at densities above that examined in this study.
Relationships exist but were undetectable due to the confounding influence of variation in other
site-level factors. This issue is discussed further below, with suggestions of experimental designs to
improve detectability of kangaroo grazing impacts.

 Overall this study could not identify any upper limit of kangaroo density that results in a decline in
species richness or diversity and overall vegetation condition, nor an optimal kangaroo density that
maximises species richness or diversity and vegetation condition. Additional sites (if available) with
higher kangaroo densities are probably necessary to examine vegetation responses at very high densities.
Inferences from this study can only extend to ca. 4 kangaroos per ha, and to only ca. 3 ha kangaroos in
drier years such as 2009.
Prediction 2: Kangaroo density will be positively related to inter-tussock space.
 Evidence for this prediction was found in 2009 and 2012. The relationship was apparently steeper in 2009
(regression equations: 2009: % inter-tussock space = 7.307 x kangaroo density + 40.318; 2012: % intertussock space = 4.908 x kangaroo density + 26.550). Notably, inter-tussock space also tended to be
greater in 2009 than in 2012 and 2013. Collectively these data suggest that the relationship between
inter-tussock space and kangaroo density may be more apparent in drier years. Plausible mechanisms for
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this result include an increased impact of grazing in years of lower pasture productivity, and a shift to a
less selective diet in dry years.
Prediction 3: Kangaroo density will be negatively related to native grass cover and understorey vegetation
height.
 There was weak (marginally significant) evidence that native grass cover declined with kangaroo density
in 2009. No relationships were found in other years. Again, similarly to the previous prediction, it may be
that such a relationship is stronger in dry years, when pasture growth tends to be lower.
 Increasing kangaroo density was significantly associated with a decline in the cover of taller vegetation
(over 30 cm) across all sites in 2013 (when data were available). However, this relationship was weak or
absent across higher kangaroo densities (2-4 per ha). Short vegetation (less than 10 cm) increased with
kangaroo density; but this was only evident in NTG sites. The lack of a relationship in woodlands and
secondary grasslands may be due to the overriding effect of the tree canopy (or legacy of a tree canopy,
for secondary grassland sites), on grass growth and cover, although this was not explicitly tested. The lack
of a result could also be due to low sample sizes in woodland and secondary grassland habitats.
 Data for examining the effect of kangaroo density on vegetation height was only available for 2013.
Further examination of the response of vegetation height in future surveys would therefore be useful to
determine whether there are year to year differences in this relationship.

5.2.1 SUMMARY OF RESULTS IN RELATION TO PREDICTIONS
Overall, these results indicate that there is little association between kangaroo density and vegetation
richness and diversity across lowland grassy ecosystems of the northern ACT. There tended to be a
consistent association between kangaroo density and vegetation structure, and in particular a shift in the
dominance of taller to shorter vegetation, a decline in native grass cover, and an increase in inter-tussock
space with increasing kangaroo density. However, these relationships varied by year and often also varied
by vegetation type.
A closer examination of whether structural changes in vegetation are linked to changes in the understorey
fauna of these grassy ecosystems is a topic for possible future research.

5.3

Caveats

5.3.1 UNCERTAINTIES IN PREDICTIONS
 Although some relationships were statistically significant, predictions from these relationships of
vegetation characteristics at a particular kangaroo density are likely to be uncertain. Most relationships
had very low or marginal levels of statistical significance, low goodness-of-fit, large amounts of scatter
and wide confidence intervals. Indeed, vegetation composition varied greatly across years irrespective of
kangaroo numbers; for example sites in which kangaroo density changed by less than one per ha
between 2009 and 2012 experienced anywhere from a 50% decrease and more than 100% increase in
FVS (Figure 18a).
 High kangaroo densities: As the results showed no relationship between most vegetation response
variables and higher levels of kangaroo densities (e.g. above ca. 2 per ha), it is difficult to extrapolate the
relationships to higher densities. Furthermore, kangaroo densities reached a lower maximum in 2009
(the year at the end of the prolonged drought) than in 2012 and 2013, making any extrapolation to
higher kangaroo densities in dry years particularly uncertain.
 Low kangaroo densities: The results showed that native species (and forb) richness and the FVS only
increased across lower kangaroo densities (between 0 and ca. 2 per ha). This suggests that the presence
of at least some kangaroos is important for maintaining diversity. However this result was largely driven
by data from two small NTG sites, North Mitchell and Yarramundi Reach, and so surveying additional
sites that have zero (or close to zero) kangaroo densities in other vegetation types, and in larger and less
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isolated reserves, would help clarify this relationship. Additionally it is not certain that the reintroduction
of kangaroos into poor quality sites where they are currently absent will result in a subsequent increase
in native species richness and diversity. Improved floristic diversity or richness following grazing
reintroduction is dependent on a range of factors, such as the presence of a viable native seed bank, the
nature of canopy gaps, and the response of invasive species (Lunt et al. 2007). As St Mark’s Cathedral
illustrates, floristic diversity in small, isolated sites in urban areas may perhaps be maintained via other
disturbance regimes, such as frequent prescribed burning.

5.3.2 YEAR TO YEAR VARIABILITY
The results indicated that the relationships between kangaroo density and variables relating to vegetation
condition can vary depending on the year of survey, with relationships present in some years, but not in
others. Indeed, the strongest patterns were usually most evident in 2009, at the end of a long drought.
Since only one drought year was sampled, this hypothesis would need to be tested in other dry years to
determine whether the result is repeatable.
Clearly, however, the data show that the any effect of kangaroo density on vegetation structure needs to
be considered within the context of the prevailing climate at the time. This finding supports previous
research which has found complex relationships between year to year differences in climate, grazing and
vegetation response (e.g. Leigh et al. 1989). Ultimately, management of this system may need to be
conducted over longer timeframes that recognises the importance of complex or cyclical vegetation
dynamics.

5.3.3 EXPERIMENTAL DESIGN
 Survey plots were purposely located in high quality vegetation patches. Therefore, results from this study
are relevant only for high quality vegetation. It is possible that poorer quality vegetation may respond
differently to kangaroo grazing pressure; for example, if high numbers of exotic species are present or if
there is no viable seed bank for native species to recover from.
 The results of this study assume that kangaroo density estimates are accurate. Any variability around the
estimates of the predictor variable is likely to reduce the strength of the relationship with the response
variables. It is beyond the scope of this study to comment on the methods for estimating kangaroo
densities.
 The first time period (2009-2012) was a three year period, whereas the second time period (2012-2013)
was a one year time period. The lack of data from 2010 and 2011 limits any conclusions that can be
drawn about post drought recovery of vegetation and the relationship to kangaroo densities. There is
also no information on any potential year to year changes within the three year period between 2009
and 2012.
 This study focused on differences between broad vegetation structure types: NTG, woodland and
secondary grassland. However, other site to site differences may influence the effect of kangaroo grazing
and could warrant further investigation (see next section). For example, grassland sites dominated by
Themeda triandra tend to occur on sites with different soil types, land use histories, landscape position
and microclimate than those dominated by Austrostipa and Rytidosperma species (NSW Office of
Environment and Heritage 2011). Thus it is possible that the effects of kangaroo grazing may be more
evident within particular grassland types (e.g. Schultz et al. 2011). Refinement of models by incorporation
of these variables might increase the ability to detect relationships between kangaroo grazing pressure
and vegetation condition.

5.3.4 POTENTIAL INFLUENCE OF OTHER FACTORS
It can be very difficult in correlative studies to detect the influence of a particular variable in multivariate
situations where many factors influence the variable simultaneously. In this study there was a high degree
of site to site variation; for example sites ranged from very large reserves located away from urban areas
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(e.g. Googong Foreshores and Goorooyaroo NR), to small isolated inner city sites (e.g. St Mark’s Cathedral).
It is therefore likely that a range of other factors influence vegetation diversity and condition, and indeed
kangaroo grazing pressure. Isolating the effect of kangaroo density may therefore be better approached
through an experimental design (see next section). Other factors that may be influencing vegetation
diversity and condition include:
 Land use history, such as historical grazing practices and present day grazing pressure from other
animals. For example, sheep were observed grazing in the woodland plot at Dunlop NR during the 2013
surveys. However, data on recent grazing by domestic animals at each site was not available for this
report. There may also be differences in rabbit grazing pressure across sites.
 Site to site differences, such as soil type and nutrient content, landscape position (e.g. slope position),
tree cover, and grassland type (e.g. Themeda triandra vs. Austrostipa or Rytidosperma-dominated
grasslands). For example, grass biomass production and species interactions in south-eastern Australian
grassy ecosystems can be strongly influenced by tree cover (suppressing grass growth) and soil N
availability (Schultz et al. 2011)
 Site connectivity and size.
 Variability in the movement and grazing pressure of kangaroos within a site.

5.4

Comments on the Jerrabomberra East and West exclosures

It is difficult to draw conclusions from the single large kangaroo exclosures at Jerrabomberra East and West
Nature Reserves, particularly at Jerrabomberra East which contains only one survey plot inside and one
survey plot outside of the fence. This represents a case of confounding, where the effect of the treatment
(kangaroo exclusion) cannot be separated from other potentially influential factors; i.e. any differences in
response variables could simply be due to differences in the two plots, such as where they are located.
Nevertheless, some observations can be made from the results from these two sites.
At Jerrabomberra East in 2009, when the fence was first installed, native grass cover and inter-tussock
space was fairly comparable between the plots (Table 21). By 2012 and 2013 inter-tussock space
decreased, and native grass cover increased, in both plots. However, at the plot inside the exclosure, intertussock space declined to lower levels compared to outside (ca. 20% vs. ca. 40%), and native grass cover
increased to higher levels compared to outside (ca. 70-80% vs. ca. 55%). This is consistent with other
studies that have found increases in grass biomass and cover with grazing exclusion, particularly in
Themeda-dominated grasslands (Prober & Thiele 1995; Morgan & Lunt 1999; Prober et al. 2007). However,
more replicates are needed to support this result.
At Jerrabomberra West, differences in inter-tussock space and native grass cover over time between the
plots were less clear and not necessarily supportive of the hypothesis that grass cover will increase in the
absence of grazing. In 2012 and 2013 inter-tussock space was actually lower, or approximately the same, at
the NTG site outside of the exclosure compared to the average of the two sites within the exclosure (Table
22). Similarly, native grass cover increased both inside and outside of the exclosure, and was higher in 2012
outside of the exclosure compared to the sites within.
However, it is interesting to compare the ground cover photographs taken at the two reserves (Figure 35,
Figure 36). Although these are only photographs, the presence of larger grass tussocks suggest that grass
biomass, and grass height, is greater in 2012 and 2013 in the plots inside the grazing exclosures. They also
illustrate the year to year differences in vegetation, particularly the lower overall cover in 2009. This
indicates that differences may instead be more evident when examining grass biomass and height, rather
than assessing change by cover only.
Indeed, comparison of the percentage cover of tall and short vegetation (using the LiSM; data available for
2013 only) shows that short vegetation is reduced and tall vegetation increased inside the grazing
exclosures (Figure 37).
This suggests that variables relative to vegetation/grass height, and potentially biomass, may be
informative data to examine in future research.
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It may also be informative to include a third plot for each ‘pair’ that excluded both kangaroos and rabbits,
so that the relative grazing impact of kangaroos and rabbits could be determined, and to counter any
interaction that could potentially exist between kangaroo exclusion and rabbit grazing pressure.
Due to the year to year differences in relationships identified in this report, multiple years of surveying –
even using an experimental approach – is likely to be required to detect any kangaroo density x year
interactions. For example, results from a single year of study may not necessarily apply to other years
where climatic conditions differ.
This type of experimental approach is likely to greatly benefit from prior discussions with biostatisticians to
ensure that the design, the number of sites and the number of plots are sufficient to answer the questions
of interest and to ensure that associated statistics have sufficient power. In particular, issues to consider
when designing experiments include: avoiding confounding (i.e. separating differences due to the
experimental treatment from other potential influential factors), ensuring sufficient replication at the
appropriate scales (e.g. survey plots within sites, and the number of sites), randomisation/unbiased plot
selection and treatment allocation, having controls, and ensuring independence of observations (Quinn &
Keough 2002).
Alternatively, if a correlative approach is to be continued, additional sites at lower and higher densities of
kangaroos could yield more data on the effects of very low and very high kangaroo densities; particularly
because in the current study the positive relationships between several response variables and kangaroo
densities were driven by only two NTG sites with zero (or close to zero) densities. If future sites and plots
are added, it may also be useful to ensure a more even spread among the types of landscapes of interest:
e.g. comparisons among woodland vs. grassland sites, or Themeda vs. other types of grasslands.
In any future study, it will be important to record as much information as possible about the prior state of
the sites, such as land use and grazing history, to reduce uncertainty.

5.5.2 RESPONSE VARIABLES
A large number of response variables were measured in detail at each survey plot in each year. Time could
potentially be saved by considering how each variable is to be analysed, and removing those which are
either too difficult to analyse, or are correlated with other variables. This study suggests that the Indicator
Species count was not particularly useful for analysis, as most species were not well distributed across sites
and years. It also raised some issues with the LiSM (see next section).

Measuring structure
The results of this report suggest that kangaroo grazing may exert more influence on understorey
vegetation structure than floristics (e.g. species richness and diversity). This is supported by photographic
evidence of understorey changes which illustrate potential differences in grass biomass, height and tussock
size between sites and years. These changes may not necessarily be captured by assessing cover alone (e.g.
Figure 35, Figure 36, and see Appendices). Thus, focusing on variables that assess these types of structural
changes could be most informative for future surveys.

Types of response variables
In general, it is easier to analyse response variables that are continuous (e.g. percentage cover, height
measured in centimetres, or counts of individuals) rather than categorical (e.g. height classes, broad cover
classes), although statistical methods exist for the latter. Often, a categorical response variable is converted
to a continuous measure by, for example, taking a mid-point value. If the categories are even and relatively
small (e.g. cover classes taken in 10% intervals: e.g. 1-10%, 11-20% etc), then midpoint values can be
assigned to each value for analysis. However, for categories that are broad and uneven, such as the height
classes in the LiSM, taking midpoint values can be problematic. In many cases, it may be more accurate to
record the actual value in the field, and then convert to a category later, if required.
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Figure 40: Stylised examples of 20 x 20 m sites with two five metre transects positioned to capture two different
vegetation subtypes. Without weighting the sub-types, the smaller sub-type in the right-hand example will
disproportionally influence the average.
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Appendix B Data sheets

The following five pages contain copies of the data sheets used in the field.
1. Grassy Ecosystem vegetation survey – species cover and abundance. Used for recording the survey plot
floristics and corresponding cover value.
2. A rapid assessment sheet containing information on site structure, dominant species and climax
community. The information in this sheet would remain largely similar for each survey plot between
years.
3. A data sheet for recording the type of substrate or species present along the 100 m step point transect.
4. A data sheet for recording counts of any indicator species present along two 1 m wide belt transects.
5. A data sheet for the 2D line-intersect structure method (LiSM).
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Date:
Location:
Surveyor(s):
All Sheets Checked
(/O):

11- 28

1- 11

Site Name:

Codominant

Subdominant

Note - tree regeneration may occur in any stratum

Dominant

GPS datum

E

Polygon ID:

Time start:

List up to five spp. for each stratum. Annotate each with a dominance indicator within that stratum.

Dominant species and frequency

Signed (All Surveyors):

bi

Life forms:

Tree Shrub Forb Grass

N

Time finish:

Notes eg. weeds being controlled, other observations, issues to follow up

8 > 30 m

For tree species in upper stratum only, indicate % frequency

7 10 - 30 m

Grazers
Othr

6 5 - 10 m

Cattle
Sheep
Horses
Roos

4 2-5m

clumps isolated

50-75% 20-50% 0.25-20%<0.25% <0.25%

Vegetation structure, cover
and height class
d
c
i
r
bc

Crown cover >75%

Stratum
28 - 40
op w'land

3 1-2m

Grazing level
Low
Medium
High

2 0.5 - 1 m

cl forest op forest w'land

Mature trees/ha > 40

Emergent
Upper 1
Upper 2
Mid 1

Mid 2

Lower 1

Lower 2

Height class: 1 < 0.5 m

Tick only one

*Structural formation

Grassland
Sec. grassland
Open woodland
Woodland
Open forest
Closed forest

Stipa grassland

*Climax veg. community

Danthonia grassland

Dry themeda grassland

Poa grassland

Wet themeda grassland

YB-RG woodland

Dry shrubby box w'l

Riparian she-oak w'l

Snow Gum Lowland w'l

Riparian Ribbon Gum w'l

Scribbly Gum Dry Forest

Other

UMC veg ID

Modified vegetation

Exotic crop*

Native pasture

Exotic pasture*

*fill out this sheet and fauna sheet

no plant list required

Cover/abundance

5 > 75 %
4 50 - 75 %
3 25 - 50 %
2 5 - 25 %
1 numerous <5%
+ few <5%
r solitary <5%
p patch
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Appendix C Methodology for LiSM

2D Line-intersect structure measurements (LiSM)
a simple method for measuring structure in natural temperate grassland
Version 1.1, December 10, 2012
Method
1.

Run a measuring tape 5m across a floristically and structurally representative transect within the full-floristic
quadrat.

Note: (a) this does not have to be a permanent line-transect, as representative areas can be selected in following
years in a different (adjacent) location if a line-transect is disturbed. (b) ideally, the line-transect should be within
the 20*20m full-floristic quadrat, but may be adjacent. (c) do not cross a vegetation sub-type ecotone, and ensure
that the vegetation sub-type is representative of the full-floristic quadrat.
The tape should be suspended above the ground vegetation to minimise disturbance to foliage. Avoid walking or
disturbing the linear zone to be measured.
2.

Separate the native perennial grass tussocks (and other graminoids) into foliage height categories [>30cm;
20-30cm; 10-20cm; 5-10cm; >0-5cm; 0 (broken down into bare earth/cryptogam/rock)]. Additional measures
include other native, exotic broadleaf, perennial exotic grass, annual exotic grass, cryptograms, leaf litter,
woody debris and other). As the area is only 5m, there is likely to only be a few height classes, and 2-3
additional variables). Codes include:
Native / Exotic categories: N = native; X = exotic annual; Y = exotic perennial
Lifeform categories: G = tussock grass; F = forb; V =sedge; R = rush; E = fern; S = shrub;
B = bare earth; Ro = rock; C = cryptogams; L = leaf litter; W = woody debris; O = other
Foliage height categories (HC): 1 = 0cm; 2 = >0 - 5 cm; 3 = 5 - 10cm; 4 = 10 - 20cm;
5 = 20 - 30cm; 6 = 30+ cm

Note: Foliage height (HC) is defined as the height of the leaf tussock at which the canopy droops or ceases to contain
significant biomass. Culms and other less-palatable biomass are not included.

e.g. NG3 = Native Tussock grass, 5 - 10cm; C1 = cryptogam
3.

Measure along the tape, recording changes in category (native/exotic, lifeform and foliage height categories
as outlined in Step 2) to the nearest cm.
Category

Length

e.g. NG3

0.21

NG4
NX2
C1
NG(F)4

0.46
0.63.
0.7
0.91

Category
etc etc

Length
.
.
.

Category

Length
.
.
.

In instances where two lifeforms are co-dominant and effecting vegetation structure (e.g. the forb Haloragis
heterophylla providing structural compliment to a sward of the tussock grass Austrostipa bigeniculata) record
the assisting lifeform in brackets [e.g. NG(F)4].
Heights can be measured using a height stick divided into the relevant categories rather than a metric ruler.
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4.

Once Step 3 is completed, estimate the mean tussock canopy to basal area (TC:BA) ratio, mean tussock shape
and tussock canopies / linear metre for each height class.
HC

Mean
TC:BA
ratio

Mean
tussock
shape

Est.
Tussock
width

2

e.g. B

c

15 - 20

3
4
5
6

Each measure (and category within) is outlined below.
Mean TC:BA ratio is intended as an estimate (as metric measurements may be subjective also). The below diagram
can guide assessment.
E (TC = ≥6*BA)
D (TC = 4-5*BA)
C (TC = 3*BA)
B (TC = 2*BA)
A (TC = BA)
Basal Area

Mean tussock shape is intended to assess the general structure of tussock grasses (tussock foliage only, not culms etc)
within each height class. Tussock shapes are as follows:

drooping (d)

erect (e) prostrate (p) conical (c) inverse conical (i)

While species can change shape based on grazing or other disturbance, in an undisturbed low to medium grazing
regime the following is generally expected of common tussock grass species:
Drooping
Austrostipa
bigeniculata
Themeda australis
Rytidopsperma spp.
(large)
Poa sieberiana

Erect
Elymus scaber

Prostrate
Bothriochloa macra
(partially grazed)
Microlaeana stipoides
(partially grazed)

Conical
Aristida ramosa
Austrostips scabra
Rytidopsperma spp.
(small)

Rytidopsperma spp.
(heavily grazed)

Inverse conical tussocks are generally found in robust tussocks grasses subject to high grazing intensity.
Estimated tussock width is grouped into <5. 5 – 1-, 10 – 15, 15 – 20, 20 – 30, 30 – 40, > 40cm classes.
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Outputs


A 2-D representation of grassland structure within the 5m linear transect. For example:

4

height class

3
2
1
0
Length along tape

The above can be coded based on tussock shape, growth form etc.


Estimates on the mean tussock canopy : basal area (TC:BA) ratio, mean tussock shape and tussock canopiy
width for each height class

Replicates
A total of two replicates may be collected per vegetation survey plot (e.g. n = 100 across 50 plots). It is suggested that
each replicate selected based on a floristically and structurally representative 5m transect within a full-floristic plot so
the data can be related. Depending on the project, it may not be necessary to identify these with a permanent
marker.
As each 5m replicate will represent a vegetation sub-type (refer to point 1), this data can be grouped with other
replicates of the same vegetation sub-type from other reserves for analysis.

Estimated Time
Approximately 5 - 15 minutes per transect in the field depending on structural complexity

Data Outputs






Mean height;
Proportion in each foliage height category (grouped by height, growth form and native/perennial
exotic/annual exotic);
Mean (estimated) tussock structure and tussock canopy:basal area ratio for each height category;
Estimated tussock width (size as tusscoks are generally circular) in each foliage height class; and
Estimates (subjective) on the mean tussock size and tussock canopy:base ratio for each foliage height class.
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Advantages







Provides useful information on tussock and inter-tussock structure;
The 5m linear sample can be aligned to not cross a vegetation sub-type ecotone;
Allows replicates of common vegetation sub-types to be compared with others across reserves;
Provides a 2D conceptual model of tussock canopy spacing, as well as the relationship between tussock basal
area and tussock canopy area;
Indicates spatial arrangement of height classes and inter-tussock (inter-canopy) space; and
Rapid.
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