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EXECUTIVE SUMMARY 
Eastern Grey Kangaroos are managed in the ACT to protect natural values within the conservation estate. 

The policy for kangaroo management and reference to the relevant scientific literature can be found in 

the ACT Kangaroo Management Plan (ACT Government, 2010) and more recent Eastern Grey Kangaroo: 

Controlled Native Species Management Plan (ACT Government, 2017b). A summary of the most recent 

scientific literature can also be found at the EPSDD Website ōȅ ǎŜŀǊŎƘƛƴƎ ŦƻǊ ΨƪŀƴƎŀǊƻƻ ǊŜǎŜŀǊŎƘΩΦ ¢Ƙƛǎ 

report presents a study that involved a detailed assessment of the relationships between kangaroo 

density, pasture off-take (i.e. grazing pressure), grassy layer structure and measures of biodiversity, with 

the aim to improve kangaroo management decisions. The ecological relationships investigated can be 

summarised as:  

The red arrows indicate the stages of statistical analysis undertaken to describe relationships between 

different ecological processes. Data were collected according to a stratified design across a range of sites 

and kangaroo densities.  

¦ƴŘŜǊ ǘƘŜ ΨŀǾŜǊŀƎŜΩ ǊŀƛƴŦŀƭƭ ŎƻƴŘƛǘƛƻƴǎ ŜȄǇŜǊƛŜƴŎŜŘ between 2012 and 2015, this study showed that 

¶ Pasture growth rates were a strong driver of off-take by kangaroos 

¶ Off-take decreased markedly under high herbage mass conditions 

¶ Off-take increased with kangaroo density where common native grasses dominated 

¶ Grass association (i.e. the dominant grass species) and canopy cover class (grassland or open 

woodland) were key drivers of pasture structure (average grass height, grass height variability 

and proportion of bare ground) 

¶ Off-take was not related to measures of spring pasture structure at the one hectare scale  

¶ Reptile abundance (the number of individual reptiles per unit area) increased with average grass 

height and was higher in open woodland than grassland plots 

¶ Reptile diversity (the number of reptile species adjusted for rarity) increased with the proportion 

of bare ground and was also higher in open woodland than grassland plots 

¶ Floristic richness (the number of vascular plant species) increased with grass height variability, 

and differed between grass associations and canopy cover classes. 

¶ Floristic value score was negatively related to average grass height and differed between grass 

associations. 

¶ Non-grass habitat features (e.g. logs, rocks, litter and shrubs) interacted with grass structure to 

significantly affect biodiversity. 

The results of this study will allow the future development of a statistical model to better predict 

appropriate kangaroo densities for individual sites. Such predictions would need to consider long range 

weather forecasts (and thus predict pasture growth), current pasture condition and reserve-specific 

management objectives. The importance of differences between grass associations in terms of habitat 

function and management responses across the broader landscape is a key result of this study. Given the 

small size and isolated nature of habitat fragments within Canberra Nature Park, future management of 

these threatened grassy ecosystems should consider such local characteristics. 

Kangaroo 
Density

Off-take
Pasture 

Structure
Biodiversity

http://www.environment.act.gov.au/


   

4 
 

ACKNOWLEDGMENTS 
We thank the many casual employees, contractors and volunteers who contributed to this research on 

kangaroos. For personal security reasons it has become policy not to name individuals involved with 

kangaroo policy, research or management. If you are such a person, please know that your efforts and 

support are very much appreciated and it has been a pleasure working with you all. We would also like to 

thank both internal and external reviewers for providing comments on an earlier draft of this document.   

  



   

5 
 

GLOSSARY 
Average grass height: The mean measured height of grass blades within a quadrat, e.g. if half of the 

measured area has grass 4 cm tall, and half of the area has no grass, the average grass height will be 2 

cm. Height measures exclude flowering stems. At the plot scale, average grass height is the mean of grass 

heights measured from 15 individual 1 m2 ǉǳŀŘǊŀǘǎΦ ¦ǎŜŘ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ΨŀƳƻǳƴǘΩ ƻŦ ƎǊŀǎǎ ƛƴ ŀ ǎŀƳǇƭƛƴƎ 

unit. 

Bare ground: Bare ground in this study is defined as areas where soil can be directly observed. That 

covered by litter, lichen, overhanging grass or which is made up of rock does not constitute bare ground. 

{ŜŜ ŀƭǎƻ ΨProportion of bare groundΩ. 

Biodiversity: The variety of plant and animal life present in a particular ecosystem. Maximisation of 

biodiversity particularly that of native species, is a common aspiration for conservation land 

management. 

Canopy cover class: ¢ƘŜ Ǉƭƻǘ ƭŜǾŜƭ ǎǘǊŀǘŀ ōŀǎŜŘ ƻƴ ŎŀƴƻǇȅ ŎƻǾŜǊΣ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ŜƛǘƘŜǊ ΨDǊŀǎǎƭŀƴŘΩ ƻǊ ΨhǇŜƴ 

²ƻƻŘƭŀƴŘΩΦ {ŜŜ ŀƭǎƻ ŘŜŦƛƴƛǘƛƻƴǎ ŦƻǊ ǘƘŜǎŜ ǘŜǊƳǎΦ 

Climate: The combined influences of local temperature, rainfall, humidity and other meteorological 

variables which can influence parameters such as thermoregulation of animals and plant growth rates. 

Ecology: The study of how organisms interact with their environment (including others of their species) 

and how this determines their abundance and distribution across environmental gradients.  

Floristic value score (FVS): A condition score for Natural Temperate Grasslands which considers native 

species richness and abundance with an additional weighting ŦƻǊ ΨǊŀǊŜΩ ƴŀǘƛǾŜ ǎǇŜŎƛŜǎ. 

Grassland: Environments characterised as having less than 2% tree canopy cover. 

Grass association: The quadrat or plot level strata defined based on the most dominant grass species (by 

dry herbage mass) in the sampling unit. Six grass associations were defined for this study (see Table 1).  

Grass height variability: The coefficient of variation from 15 individual measurements of average grass 

height sampled from across a plot; calculated as the mean divided by the standard deviation and 

expressed as a proportion. Used to reflect the structural variability in grass heights across a sampling unit.  

Grazing pressure: A term used to describe the amount of pasture being removed by herbivores (see also 

ΨƻŦŦ-ǘŀƪŜΩύΦ  

Heterogeneity: A term used to describe habitat variability. A heterogeneous grass structure, for example, 

might include a mixture of long and short grasses with both tussock and prostrate growth forms, and 

include variable inter-tussock spaces or patches or bare ground. Consideration of scale (e.g. whether a 

given level of variability is observed across a 1 m2 quadrat or a 100 ha site) is a critical in describing 

heterogeneity.  

Herbage mass: The above ground component of pasture, including both living and (attached) dead parts 

of plants.  

Kangaroo density: The counted number of kangaroos per unit area, e.g. if 340 kangaroos were detected 

in a 100 ha site, the density of kangaroos would be said to be 3.4 per hectare.  

Floristic richness: The number of vascular plant species detected within a sampling unit, e.g. if 75 plant 

species are observed on a plot, the plot is said to have a total floristic richness of 75. This measure is also 

reported for native and exotic Ǉƭŀƴǘǎ ǎŜǇŀǊŀǘŜƭȅΦ ¦ƴƭƛƪŜ ΨŘƛǾŜǊǎƛǘȅΩΣ ǘƘƛǎ ƳŜŀǎǳǊŜ ƛǎ ƴƻǘ ŎƻǊǊŜŎǘŜd for rarity.  
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Off-take: The rate at which pasture is removed by herbivores, measured as the amount removed per unit 

area per day (dry kg/ha/day). Off-take is measured by comparing the amount of pasture remaining in 

caged versus uncaged quadrats after a period of six months.  

Open woodland: Environments characterised as having between 2% and 20% tree canopy cover. 

Pasture: Ground layer vegetation, in this study exclusively that of grass species, which is potentially or 

actually subject to grazing by herbivores. 

Pasture growth: The rate of herbage mass accumulation (dry kg/ha/day) in the absence of herbivory. 

Measured by comparing the herbage mass in quadrats before and after they are caged against herbivory 

for a period of ~6 months.  

Pasture structure: A term used to describe the combined influences of specific elements on overall 

ƎǊƻǳƴŘ ƭŀȅŜǊ Ƙŀōƛǘŀǘ ŎƻƳǇƻǎƛǘƛƻƴΦ Lƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǘƘŜ ǎǇŜŎƛŦƛŎ ŜƭŜƳŜƴǘǎ ƻŦ ΨǇŀǎǘǳǊŜ ǎǘǊǳŎǘǳǊŜΩ ǿƘƛŎƘ ŀǊŜ 

considered include average grass height, grass height variability, and the proportion of bare ground. The 

presence of logs, rocks, shrubs and litter are also considered for some analyses. When considered 

ǘƻƎŜǘƘŜǊΣ ǘƘŜǎŜ ƛƴŘƛǾƛŘǳŀƭ ŜƭŜƳŜƴǘǎ ŀǎǎƛǎǘ ƛƴ ŘŜǎŎǊƛōƛƴƎ ΨǇŀǎǘǳǊŜ ǎǘǊǳŎǘǳǊŜΩΦ 

Proportion of bare ground: The proportion of thŜ ƎǊƻǳƴŘ ǿƘƛŎƘ Ŧƛǘǎ ǘƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ΨōŀǊŜ ƎǊƻǳƴŘΩ όǎŜŜ 

above). Where the proportion is 1 all of the ground is considered to be bare.  

Reptile abundance: A count of the number of individual reptiles present, e.g. if 34 reptiles were detected 

in the plot, the reptile abundance for the plot was 34. Multiple captures of the same species of reptile 

under the same tile on successive visits were considered to be the same animal. A tile was recorded as 

having captured two or more individuals of a given species only if they were observed simultaneously 

within a single visit. 

Reptile diversity: Diversity is used to describe the number of different species detected, with some 

adjustment for the frequency with which each is observed such that areas which contain 1 rare and 3 

ŎƻƳƳƻƴ ǎǇŜŎƛŜǎ ŀǊŜ ƎƛǾŜƴ ŀ ƘƛƎƘŜǊ ŘƛǾŜǊǎƛǘȅ ƛƴŘŜȄ ǘƘŀƴ ǘƘƻǎŜ ǿƛǘƘ п ŎƻƳƳƻƴ ǎǇŜŎƛŜǎΦ {ƘŀƴƴƻƴΩǎ 

diversity index is used in this report for reptiles. 

Standing crop: This term is used to describe the average herbage mass measured in the uncaged 

quadrats, based on that measured at the start and at the end of the six month sampling period. It aims to 

represents the average herbage mass which was available to herbivores throughout the period for which 

off-take was measured. 

Stratification: The breaking up of sampling effort into strata to improve accuracy and precision of 

estimates. The inherent variability between measurements within strata is likely to be less than that 

detected between strata. For example, ten measures of herbage mass all taken within a grassland might 

be more similar to one another compared with ten measures taken from a mix of grassland and open 

ǿƻƻŘƭŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘǎΦ {ǘǊŀǘƛŦƛŎŀǘƛƻƴ όƘŜǊŜ ōŀǎŜŘ ƻƴ ǘǿƻ ǎǘǊŀǘŀ ǊŜŦƭŜŎǘƛƴƎ ΨŎŀƴƻǇȅ ŎƻǾŜǊΩ ŀƴŘ ǎƛȄ ǎǘǊŀǘŀ 

ǊŜŦƭŜŎǘƛƴƎ ΨƎǊŀǎǎ ŀǎǎƻŎƛŀǘƛƻƴΩύ ǊŜŘǳŎŜǎ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ΨƴƻƛǎŜΩ ƛƴ Řŀǘŀ ŀƭƭƻǿƛƴƎ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ǇǊŜŘƛŎǘƛƻƴǎ 

to be made without an increase in sampling effort. 

NB. Terms coloured blue refer to measured variables or strata used in the experimental design. 
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INTRODUCTION 

GRASSY ECOSYSTEM CONSERVATION 

Natural Temperate Grassland (NTG) and Yellow Box/Red Gum Grassy Woodland (YBRG-GW) ecosystems 

are listed nationally as endangered ecological communities, having been reduced to less than 5% of their 

original distribution across south-eastern Australia (ACT Government, 2004, 2005; Yates and Hobbs, 

2000). The ACT represents a stronghold in the protection of NTG and YBRG-GW ecosystems, with a 

number of conservation reserves having been established within the lowland urban matrix (Figure 1). The 

protective management of these ecosystems, and the native species within, remains a priority for the 

ACT Government in the face of an increased human population and the continuing spread of urban 

development. Local universities, ParkCare groups and other not-for-profit organisations also play 

significant roles in the management, study and restoration of these important communities (Shorthouse 

et al., 2012).  

Like any ecosystem, a suite of microbial, fungal, plant and animal functional groups are critical to 

maintaining the health of lowland grassy ecosystems (Prober and Thiele, 2005). Historically, herbage 

mass in these ecosystems was managed by a combination of indigenous fire regimes and grazing, 

predominantly by macropods (Lunt, 1991). Soil turnover, resulting from diggings by bettongs, bandicoots, 

echidnas and other fauna, would have spread fungal spores, improved soil structure and encouraged 

plant germination and invertebrate and microbial activity (McIntyre et al., 2004; Shorthouse et al., 2012). 

Herbivore abundance was probably limited historically by the ebb and flow of climate-dependent 

landscape productivity (i.e. food resources), as well as predation by dingoes, quolls, monitor lizards, 

pythons, birds of prey and humans (Glen and Dickman, 2014).  

Nowadays, much of the original native fauna of the region are in serious decline or have become extinct 

as a result of a loss of habitat and the introduction of foxes and cats (Glen and Dickman, 2014; Short and 

Smith, 1994). Floristic values are similarly threatened by a change in soil composition (including the 

addition of agricultural fertilisers), competition with weeds, and increased grazing pressure by large 

native or introduced herbivores (Dorrough et al., 2012; McIntyre et al., 2010). Changes in nutrient cycling, 

the flow of water throughout the landscape and the microbial and fungal components of the ecosystem 

are also both contributors to, and effects of, changes to local flora and fauna ecology (Bennett et al., 

2009; McIntyre et al., 2004).  

DRIVERS OF GRASSY ECOSYSTEM FUNCTION 

It is widely accepted that flora and fauna dependent on the grassy ground layer vegetation (hereafter 

ΨǇŀǎǘǳǊŜΩύ ŀǊŜ ǎǘǊƻƴƎƭȅ ƛƴŦƭǳŜƴŎŜŘ ōȅ Ǉŀsture structure (e.g. Dorrough et al., 2012; James, 2003; McIntyre 

et al., 2010). Heterogeneity of pasture structure, and the subsequent provision of a multitude of 

microhabitat conditions, is an aspiration of conservation land managers (e.g. ACT Government, 2017a) 

where a variable pasture structure is assumed to better meet the needs of a range of flora and fauna in 

regards to the provision of shelter and appropriate food resources (Prober and Thiele, 2005). Attaining a 

variable pasture structure is dependent on a large number of environmental and climatic factors (Schultz 

et al., 2011), not all of which can be measured within the scope of a single project. An expansive 

literature exists on ecosystem function in grassy communities (see review by Bennett et al., 2009), which 

combined with the use of surrogate measurements, can help untangle the many interacting 

environmental variables which contribute to ecosystem wellbeing. 
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Figure 1 Many of Canberraôs remnant threatened lowland grassy ecosystems are protected within the 
urban matrix as part of Canberra Nature Park. High speed roads, suburb edges and other 
anthropomorphic features provide isolating barriers from adjacent reserves for a range of plant and 
animal species.  

  

Weather is the main factor determining pasture productivity (and thus herbage mass) in grassy 

ecosystems. Temperature, rainfall and the relative timing of these two climatic variables have a strong 

influence in pasture growth models, in both dry (Bayliss and Choquenot, 2003; Caughley, 1987; Owen-

Smith, 2002) and temperate (Clark et al., 2000; Cullen et al., 2008; Fletcher, 2006) environments. The rate 

of pasture growth is additionally influenced by soil characteristics (Cullen et al., 2008), which in itself can 

be dependent on a range of ecological and anthropogenic processes; and by the composition, cover and 

condition of existing pasture (Brougham, 1956). The density of over-storey (i.e. woody) canopy cover, 

which can vary ten-fold between areas classified as grasslands (< 2%) and grassy woodlands (2 ς 20%) will  
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also affect pasture productivity, pasture structure, and the related flora and fauna species assemblages 

(Dorrough et al., 2012; Schultz et al., 2011; Figure 2).  

Figure 2 Canopy cover can impact on pasture productivity and structure. This image illustrates the 
structural complexity of wooded areas (logs, litter, shade and patchy grass) compared to the more 
homogeneous grassland structure beyond. 

 

DǊŀǎǎ ǎǇŜŎƛŜǎ ǘȅǇƛŎŀƭ ƻŦ ǘƘŜ !/¢Ωǎ ƎǊŀǎǎȅ ŜŎƻǎȅǎǘŜƳǎ όōƻǘƘ ƴŀǘƛǾŜ ŀƴŘ ŜȄƻǘƛŎύ ǇƻǎǎŜǎǎ ŀ ǾŀǊƛŜǘȅ ƻŦ ƎǊƻǿǘƘ 

forms, ranging from small clumped tussocks (< 4 cm; e.g. Rytidosperma carphoides) to larger arching 

tussocks over a meter high (e.g. Rytidosperma pallidum); and from prostrate grasses which grow low 

along the ground (e.g. Bothriochloa macra) to those which form larger, more dense swards (e.g. Themeda 

triandra; Eddy et al., 1998; Figure 3). Assuming similar effects of any given management tool on each of 

these different associations would likely be a vast oversimplification of grassy ecosystem functional 

diversity (Lunt, 1995). Grasses which tolerate shallow or nutrient poor soils (e.g. Rytidosperma spp.) are 

often associated with inter-tussock bare ground or a low density of similarly resilient native forbs (ACT 

Government, 2005; McIntyre et al., 2010), and require little disturbance to maintain a diverse structure 

and species assemblage (Lunt, 1995). Particularly high nutrient levels in soil, for example as a result of 

carcass decomposition (Barton et al., 2016) or a historic use of fertilisers (McIntyre et al., 2010), may 

result in patches of bare ground amongst nutrient intolerant native flora or else a localised sward of 

nutrient-loving exotic species. The structure of the latter can require significant management 

intervention to disrupt; especially where it occurs in association with highly productive soil or beneficial 

climatic conditions (Bakker et al., 2006).  

The growth form of some grass species can also vary with season and in response to different levels of 

grazing pressure (Milchunas et al., 1988). Such intrinsic effects should be accounted for in a research 

design through stratification, such that statistical modelling of ecosystem processes can take into 

consideration the similarities within and differences between different grass associations, canopy cover 

and seasons (Schultz et al., 2011). The short-term effects of grazing on the occurrence and structure of an 
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association at a given time of year will also depend on the relative availability of alternative food 

resources within the landscape (Halpern and Underwood, 2006). This latter effect is difficult to account 

for without detailed maps of the relative distribution of grass associations across the landscape, which 

can change temporally with varying climatic conditions and which are not currently available for all ACT 

lowlands.  

Figure 3 Grass association has a pronounced effect on small and large scale ground layer structure. 
This image shows the ecotone between a Themeda/Bothriochloa grass association on the left, and a 
Rytidosperma/Austrostipa grass association on the right at Crace Nature Reserve. The patchy 
distribution of native and exotic grass associations can also be detected through the patchy 
colouration on the hillsides in the background. 

 

Grass is not the only source of structure within grassy ecosystems. Woody elements such as logs, shrubs 

and litter and non-vegetative elements such as rocks also provide structural heterogeneity across 

multiple scales (Barton et al., 2011; Fischer et al., 2004; Garden et al., 2010; Tongway et al., 1989). In 

damp areas, non-grass monocot species such as sedges and rushes may provide a grass-like structure 

which persists under heavy grazing due to the low relative palatability of these species compared to 

grasses (Davis et al., 2008; Figure 4). Similar habitats where soil is disturbed or higher in nutrients may 

instead contain exotic pasture species, although at high herbage mass these are also generally 

unpalatable to kangaroos. Large grass tussocks, such as Rytidosperma palladium provide significant 

grazing-resistant structure in wooded environments due to their retention of unpalatable dead material 

(McIntyre et al., 2010). Their grassland equivalents, such as Poa labillardieri, are rarely observed within 

/ŀƴōŜǊǊŀΩǎ lowland grassy ecosystem reserves (ACT Government, 2005).  

THE ROLE OF KANGAROOS 

The Eastern Grey Kangaroo (Macropus giganteus, ƘŜǊŜŀŦǘŜǊ ΨƪŀƴƎŀǊƻƻΩύ ƛǎ ǘƘŜ ƭŀǊƎŜǎǘ ƛƴŘƛƎŜƴƻǳǎ 

mammal in the ACT, both individually (males up to 100 kg) and in terms of their biomass (up to 

25 tonnes of kangaroo/ha). They are a common, iconic species commonly known to Canberra 

residents. As the overwhelmingly dominant herbivore in lowland grassy ecosystems, kangaroos 


















































































































