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Abstract 

Knowledge on what grazing animals eat and how nutritious the fodder is during 

rainfall deficient periods or drought conditions in the Southern Rangeland of Western 

Australia is limited. An exploratory study was undertaken on a pastoral lease 90 km 

north of Kalgoorlie from November 2005 to November 2007 to gather information 

on short term seasonal condition of vegetation to determine potential diet quality and 

dietary overlap between grazing herbivores including Damara sheep, feral goats and 

kangaroos during ongoing dry conditions. Monitoring sites were installed at 

approximately 1 km intervals from the water point in both a stocked paddock and 

unstocked/rested paddock. The monitoring sites were used to collect data on short 

term seasonal condition of vegetation using time series photographs of the sites and 

target plants. The data were combined with rainfall information and normalised 

difference vegetation index (NDVI) for the study sites. Dung collection areas were 

established at the monitoring sites to determine the presence or absence and the trend 

over time of Damara sheep, feral goats and kangaroos. Limited data on the 

liveweight, body condition score (BCS) and tail length and circumference of the 

sheep were collected to assess if there was an impact of the ongoing dry conditions 

on livestock production. The extent of dietary overlap between the grazing 

herbivores was investigated by DNA fingerprinting target plants and establishing 

animal faecal DNA profiles. Plant selection was based on the known palatability to 

herbivores, then determining which of these target plants appeared in the dung of 

livestock or kangaroos. The nutritive value of the selected plants, which included all 

of the plants collected for DNA profiling as well as additional plant species that were 

locally known to be palatable to herbivores, was also assessed to investigate the 

impact of the ongoing dry conditions on the quality of the diet available to grazing 

animals. 

The lack of sufficient winter rainfall over the study period resulted in no evidence of 

germinations of annual grasses, perennial grasses, forbs and annuals and no green 

new growth on existing plants. The site-based, time-series pictures taken at each site 

over six months monitored how the size and presence of the plants responded as the 

water stress continued. While more than 50% of the target plants grew in height, they 
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all looked visually drier and the mass of the plant less dense. Many plants had 

smaller leaves, often curling and dropping off as rainfall deficiencies increased and 

rainfall effectiveness decreased, as supported by the NDVI data. Several of the target 

low shrubs appeared to be less resilient to the ongoing dry conditions than the other 

shrubs and trees. The height difference of the target plants varied between species 

and paddocks. Of the target plants found in both paddocks, Atriplex vesicaria, 

Frankenia setosa and Eremophila maculata grew in the rested paddock but 

decreased in height and width in the stocked paddock. 

Dietary overlap of target plants occurred between sheep and kangaroos; however, the 

extent of this dietary overlap declined as the dry conditions continued, possibly due 

to kangaroos moving to a different location(s). 

Animal production data was minimal with two measures in close succession and the 

third measure 22 months later. Each measure was not precisely the same; only BCS 

was consistent for each of the three measures. Nonetheless, it was still apparent the 

sheep were not thriving, having lost body condition including a reduction in tail 

diameter within the first two months of the study and gaining less than 1 kg per 

month, indicating available feed supported low levels of production. 

If the plants selected in this study were to represent the sole component of the diet, 

none of the plants was of appropriate nutritive value to meet the maintenance 

requirements of sheep. 

The results from this study have provided further information and insight into the 

effects of ongoing dry conditions on vegetation and livestock on a pastoral station 

located in the southern rangelands of WA. However, predominantly, the project 

became an observational study as the statistical strength of the findings was weak. 
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Glossary of Abbreviations 

ADF Acid detergent fibre 

ADL Acid detergent lignin 

AEEC Animal Experimentation and Ethics Committee  

AVHRR Advanced very high resolution radiometer 

BCS Body condition score 

CP Crude protein 

DAFWA Department of Agriculture and Food Western Australia 

DM Dry matter 

DNA Deoxyribonucleic acid 

DSE Dry sheep equivalent 

fDNA Faecal DNA 

fNIRS Near infrared spectroscopy profiles of faeces 

FOO Feed-on-offer 

ME Metabolisable energy 

NDF Neutral detergent fibre 

NDVI Normalised difference vegetation index 

NIRS Near infrared spectroscopy 

NOAA National Oceanic and Atmospheric Administration (satellite) 

NSW New South Wales 

OM Organic matter 

OMD Organic matter digestibility 

PCR Polymerase chain reaction 

SOPP Scientific or Other Prescribed Purposes (flora license) 

SR Stocking rate 

WA Western Australia 

WARMS Western Australian rangeland monitoring sites 
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All of Western Australia except the agricultural region in the south-west of Western 

Australia (WA) are considered rangelands (Figure 1-1). There are many different 

land uses throughout the rangeland, including cultural and heritage values for 

indigenous people, tourism, mining, crown land, conservation and pastoralism. 

Pastoralism, the grazing of livestock on native vegetation, is one of the primary 

commercial uses. There is an arbitrary line that divides the State based on the type of 

rangeland - the Southern Rangelands with its low rainfall and semi-arid environment 

and the Northern Rangelands with higher rainfall and a sub-tropical to a tropical 

environment. As early as the 1860s, pastoral leases were becoming established in 

WA. There are over 400 pastoral leases in the WA rangelands, with an average size 

of around 185,154 ha. The smallest lease is 6,487 ha and the largest around 595,322 

ha (Van Vreeswyk and Thomas, 2008). Cattle suited the grasslands in the northern 

rangelands, and sheep grazed on the arid shrublands in the southern rangelands. 

However, in recent years cattle have become more common in the southern 

rangelands (National Land and Water Resources Audit, 2001; Natural Resource 

Management Rangeland Coordinating Group, 2005; Van Vreeswyk and Thomas, 

2008; Rangelands NRM, 2017; Department of Primary Industries and Regional 

Development, 2018). 

In general, the rangelands have unsuitable topography/soils, and in the south it is 

combined with low and unreliable rainfall, making rain-fed cropping and improved 

pastures unfeasible for broadacre agriculture. However, provided sufficient stock-

water is available, the rangelands support the grazing of herbivores (Harrington et 

al., 1984b; Pringle et al., 1994; National Land and Water Resources Audit, 2001; 

Natural Resource Management Rangeland Coordinating Group, 2005). 

Forbs, annuals and perennial grasses, shrubs and trees constitute the variety of 

forages available to the different species of herbivores grazing these rangelands 

(Department of Agriculture Western Australia, 1992). The herbivores are a mixture 

of domestic (sheep, goats and cattle), feral (camels, donkeys, rabbits and goats) and 

native (kangaroos and euros) animals (Burnside et al., 1995). As some or all of these 

herbivores may be grazing the forage in the rangelands, there is a potential for 
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overlapping of grazing preference for favoured areas or plants. The potential food 

overlap is especially true for kangaroos and sheep as they are believed to be in direct 

competition for the same forage, especially during dry seasons (Payne et al., 1987; 

Wilson, 1991b) when grasses disappear, and herbivores need to consume more 

browse for food (Munn et al., 2010a). 

Figure 1-1: Expanse of Pastoral Leases in the rangelands of Western Australia 

(Department of Primary Industries and Regional Development). 

The Northern Rangelands has a high, reliable rainfall ranging from 400 mm in the 

southernmost part of the northern pastoral region to a mean of 700 mm closer to the 
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northern coastline (Craig, 1997). The ‘dry’ season, where no rain is likely, extends 

from May to October. Opening rains for the ‘wet’ season start around November, 

peak in January and February and drop off by April. The northern rangelands can 

expect a growing season of between 16 and 21 weeks (Craig, 1997). The Southern 

Rangelands has an erratic rainfall of 250 mm or less that can fall in winter and 

summer. Winter rainfall is more reliable, particularly in autumn and early winter 

compared with no reliably of rain in spring and summer (Pringle et al., 1994). During 

winter the Southern Rangelands has a growing season of about two months, but this 

declines to 14 days or less in summer (Pringle et al., 1994). The northern rangelands 

are predominantly tropical grassland due to the higher rainfall. The southern 

rangelands, with its highly variable rainfall, is dominated by shrubs (Van Vreeswyk 

and Thomas, 2008). 

Vegetation in the rangelands has been grouped into categories called land systems by 

assessing similar vegetation, topography, soils and pastoral value (Pringle et al., 

1994). Land systems are “an area, or group of areas, throughout which can be 

recognised a recurring pattern of topography, soils, and vegetation” (Christian and 

Stewart, 1953). For example, one of the best grazing land systems in the Southern 

Rangelands is the Merbla Land System, and it is considered very high pastoral 

potential at one dry sheep equivalent1 (DSE) per 5 ha. It includes highly productive 

chenopod bluebush shrublands and tussock grassland. However, because it is a land 

system favoured by herbivores it is susceptible to overgrazing, which can lead to 

accelerated erosion in some parts of this land system. Conversely, one of the least 

productive land systems for livestock in the Southern Rangelands is Bullimore, 

which has a carrying capacity of only 1 DSE/30 ha. This land system is mainly 

sandplain with mallee-acacia and spinifex and is not as susceptible to erosion (Curry 

et al., 1994). 

1 Dry sheep equivalent: a DSE is based on the energy requirements of a 45 kg wether sheep at 

maintenance.  
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The Southern Rangelands can provide grazing animals with a varied and well-

balanced diet; however, in dry times, the quality and availability of forage declines 

(Department of Agriculture Western Australia, 1992). Managers need to monitor the 

vegetation in their paddocks to identify when to move stock before the palatable 

sections of the resource are over utilised, and the condition of the landscape 

decreases and consequently the condition of the livestock also decreases (O'Reagain 

and McMeniman, 2002). 

1.1 Study Background and Significance 

There is a need for balance between animal production and rangeland sustainability 

(Fisher et al., 2005). Ideally, the land/livestock manager has to be ready to adjust the 

grazing pressure both in the short and long term. The stocking rate (SR) and stock 

distribution should be adjusted to be within carrying capacity (which can fluctuate 

significantly from year to year) to ensure that the deep-rooted, long-lived or 

perennial plants survive (Department of Agriculture Western Australia, 1992; 

O'Reagain et al., 2014). Adjusting SR is needed to maintain a stable range condition 

for animal maintenance as annual plants are generally only available in good seasons, 

and they are short-lived, usually lasting less than a year (Burnside et al., 1995). 

During dry conditions, specifically protracted dry conditions, SR should be carefully 

managed as on-going grazing may cause substantial, long-term damage to the range 

condition. During ongoing dry conditions, plants become water-stressed, and this 

forces livestock to use parts of the landscape they usually avoid (Fisher et al., 2005) 

and consume plants that are less palatable, lower in nutritive value or both. However, 

there is only limited knowledge of how the nutritional value of forage plants in the 

Southern Rangelands changes through prolonged dry conditions. The most recent 

study, being that of Daly whose research involved use of faecal deoxyribonucleic 

acid (DNA), indicated that as the forage diversity appeared to decrease during the 

ongoing dry conditions so too did animal production (Daly, 2009). 

In some areas or paddocks it is not just domestic livestock eating the available 

forage, feral and native animals may also be grazing and in some situations have a 

more significant impact on resources (Fisher et al., 2005; Mutze, 2017). In the early 

1990s, an aerial census found that domestic stock accounted for less than 50% of the 

total grazing pressure (Curry et al., 1994). Previous research on competitive 
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grazing/dietary overlap by domesticated livestock, feral livestock and kangaroos for 

food in the rangelands relied on forage assessment using a variety of 

techniques/methodologies, both non-invasive and invasive were used. Non-invasive 

methods include calculations of pasture quality and quantity available to the 

herbivores, and faecal sampling where plants are identified by looking at undigested 

plant fragments under a microscope. Invasive techniques include destructive 

sampling (killing) of the animal to investigate stomach contents, sampling methods 

such as stomach tubing or installing cannula into the oesophagus or rumen (Ellis et 

al., 1977; Egan et al., 1983; Edwards et al., 1995). Ideally, determining the 

comparative diets of these possible competitors involves a controlled experiment that 

considers diet in the context of landscape complexity, climate and seasonal changes 

(Adams et al., 2000). However, due to the vastness and complexity of the 

rangelands, it is challenging to undertake controlled studies (Dawson and Ellis, 

1994). While research in the rangelands can be challenging, these methods were able 

to provide information on the diets of range herbivores; however, there are a few 

downsides. Forage assessment can be a lengthy process that often does not match 

what the herbivores selectively graze and may completely miss small, but highly 

favoured herbaceous plants (McInnis et al., 1983; Salem and Papachristou, 2005). 

Destructive sampling will only give information at one point in time, and the animal 

must be present. Invasive sampling is virtually impossible in the rangelands due to 

complicated logistics and laws relating to animal welfare. Faecal assessment (the 

most similar of the methods to this study) is inexpensive and non-invasive but has 

some downsides due to various effects on plant fragments used for identification 

making conclusive identification of the plant difficult. Easily digested plants may be 

underestimated as there is no plant tissue available to analyse. Species differences in 

digestibility (although sheep and kangaroos are considered very similar) and dietary 

components (selection of different parts of the same plant, new leaf versus old stem) 

will also affect the reliability of faecal analyses to determine botanical composition 

of the diet (Ellis et al., 1977; Egan et al., 1983; Edwards et al., 1995; Edwards et al., 

1996; Salem and Papachristou, 2005). Nevertheless, using these different techniques, 

several studies ascertained that kangaroos ate mainly grasses and sheep ate mainly 

forbs and browse (Griffiths et al., 1974; Ellis et al., 1977; Barker, 1987; Dawson and 

Ellis, 1994; Edwards et al., 1995). However, no technique was able to confirm the 
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absolute proportions of these dietary components or identify every plant fragment 

(Norbury, 1988). 

A non-invasive, accurate and less complicated way to determine the diets of grazing 

animals in the rangelands over time will add to the existing knowledge of actual diets 

consumed and potential diet overlap of sheep and kangaroos. 

The primary aim of this study was to gain knowledge about the potential dietary 

overlap of grazing herbivores during ongoing dry conditions, how this affected 

forage plants and how this reflected in the composition of the diets of Damara sheep, 

feral goats and kangaroos grazing on the north-eastern Goldfields in the Southern 

Rangelands of WA. 

1.2 Research Questions 

Due to the remoteness of the study site, simple activities were often problematic, 

along with ongoing dry conditions and factors that resulted in restricted access to the 

site. This ultimately limited the data that could be collected on animals and plants, 

and thus the research became an exploratory study and attempted to answer the 

following questions: 

• How do short-term seasonal conditions impact on vegetation, based on 

visual observations, during ongoing dry conditions? 

• Does apparent grazing pressure change during ongoing dry conditions? 

• Is there dietary overlap between the herbivores grazing on a localised area 

on the north-eastern Goldfields of WA?  

• How nutritious are a selection (based on their palatability ranking) of 

rangeland plants, and does this change during ongoing dry conditions? 

• How do Damara sheep change with regard to body weight, tail 

measurements and body condition score (BCS) during ongoing dry 

conditions? 
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Pastoralism in the rangelands is the widespread grazing of native vegetation by 

livestock; however, few methods exist for quantitatively estimating the diets of the 

free-ranging grazing animals (Ali et al., 2005). Pastoral properties rely on the 

production of livestock grazing the accessible native vegetation in the rangelands. 

Economic success in the long-term depends on sustaining (and not degrading) the 

vegetation and soil base that supports animal production. Distance from water, 

seasonal variation, land and vegetation type plus grazing by feral and native animals 

all affect the quality and quantity of the vegetation available to livestock. Livestock 

are also widely distributed in large paddocks and are often not seen until sale time, or 

specific livestock husbandry occurs, so there is limited opportunity for observation of 

the grazing animals regardless of whether it is livestock, native or feral. 

Rangeland native vegetation ranges from woodlands, shrublands and grasslands, 

while diverse and varying in nutrition and toxicity, provides a base for grazing for 

native and domestic herbivores (Holechek et al., 1989; Launchbaugh and Hunt, 

2000; National Land and Water Resources Audit, 2001; Department of Primary 

Industries and Regional Development, 2018). Grazing animals need to find the right 

amount of energy and nutrients to be used for growth and maintenance while grazing 

managers need to control the frequency and defoliation of individual plants 

(Heitschmidt and Walker, 1996). 

A valuable management tool for sustainable use of natural resources is to determine 

carrying capacity. Carrying capacity establishes the number of grazing animals the 

grazing land can support long-term (between 10 and 30 years) without degrading the 

vegetation or soil. Carrying capacity is site and animal specific and can wax and 

wane for a number of reasons such as climate, rainfall, season, previous grazing, and 

events such as fire or floods or non-land based issues such as market prices 

(Harrington et al., 1984b; Holechek et al., 1989; McKeon et al., 2009; Allen et al., 

2011). Stocking rate, short-term usually between 1 to 5 years, is the number of 

grazing animals for a specific area over a specified period (Lyons and Machen, 2001; 

Allen et al., 2011). 
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Calculating carrying capacity and SR, paddock information such as the area of the 

grazing land, knowledge of feed on offer (FOO) across diverse land types, previous 

years grazing and average rainfall along with DSE is used (Johnston et al., 1996; 

Centre for Management of Arid Environments, 2003). This information is used to 

adjust SR when there are changes to factors such as rainfall, seasons, and actual 

grazing intensity This can assist the land manager in making considered decisions 

about when to adjust SR to maintain livestock production while not degrading the 

grazing land (Harrington et al., 1984b; Johnston et al., 1996). 

2.1 Southern Rangelands of Western Australia 

The highly variable and low rainfall in the Southern Rangelands produces a 

vegetation base that is continuously changing in quantity and quality (Fletcher and 

Egerton-Warburton, 1997). Soil moisture determines the landscape’s ability to 

recover from the effects of overgrazing in situations where the soil surface is still 

intact (Friedel, 1991; Pringle et al., 1994). When overgrazing occurs, and perennial 

plant species die, this reduces the vegetation base needed to maintain gains in animal 

production and at the same time reduces soil stability which leads to erosion (Fisher 

et al., 2004; Brandis, 2008). 

The effects of low and unreliable rainfall along with the diversity and intermittent 

nutritive value of the vegetation, mean that getting SR right (including factoring in 

native and feral grazers) is critical for production and sustainability of the forage 

resource for future years. 

The impact of grazing is always higher closer to the water point. The impact is 

evident by the reduction of plant density and diversity close to the water point in 

comparison to that further away (Friedel, 1991). However, during dry conditions or 

droughts, grazing contracts closer to the water point and dietary overlap and 

competitive grazing is potentially increased as forage availability, particularly the 

favoured grasses and forbs, is reduced (Edwards et al., 1996; James et al., 1999). 

Sheep need to drink more often in hot weather, and salty water and salty vegetation 

(now that forbs and grasses are no longer present) also increase water demand 

(Wilson and Graetz, 1980; Stafford Smith, 1988; James et al., 1999). This added 
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water demand lessens the distance sheep can travel out from the water point, causing 

additional grazing pressure at the water point (James et al., 1999). As grazing 

pressure increases plants are unable to grow, flower and set seed, and consequently, 

recovery will take much longer (Hunt, 1990; Friedel, 1991; Hunt, 1992). This effect 

can be reversed if grazing is removed, or, if seasonal cool, wet conditions occur 

allowing livestock to graze further away from the water point (and possibly drink 

from ephemeral waters), giving the vegetation around the water point a chance to 

recover (Wilson, 1978; Friedel, 1991; Hunt, 1992). A further complication is that 

kangaroos favour paddocks being rested from livestock grazing to allow for plant 

regeneration (Andrew and Lange, 1986; Wilson, 1991b; Edwards et al., 1996), thus 

reducing the amount of reserve feed available for future grazing by domestic 

livestock (Norbury et al., 1993). 

2.2 Vegetation  

The native vegetation of the Southern Rangelands is a variable mix of annual and 

perennial species, depending on location and seasonal conditions. It is this vegetation 

diversity that is important to livestock production potential (Burnside et al., 1995). In 

healthy rangelands, livestock production is best with diverse vegetation that includes 

an abundance of nutritional species. Having an array of diverse plants is necessary as 

the nutrient content and digestibility vary significantly between the plants. When 

favoured food has disappeared due to grazing or seasonal condition, animal 

production can decline as livestock are forced to eat plants that are of lower nutritive 

value and digestibility, and as a result animals eat less and production declines 

(O'Reagain and McMeniman, 2002). Livestock grazing on healthy rangelands will 

have a diverse choice of plant types at different stages of growth, which could 

improve their intake while avoiding toxic plants (Howery, 1999; Anderson and 

Estell, 2009).  

A general classification for plants is annual or perennial species; however, Mitchell 

and Wilcox (1994) classified rangeland plants into further categories: 

1. Annual herbs, short-lived perennial plants, ferns and vines; 

2. Annual and perennial grasses; 

3. Shrubs less than 3 m tall; and 
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4. Trees and shrubs greater than 3 m tall. 

 Annuals 

Annual plant species such as everlasting daisies from the Asteraceae family; need the 

right rainfall at the right time to germinate. Therefore, they are not present every 

year, and germination usually occurs over autumn and winter. Annuals are fast-

growing and shallow-rooted; they mature and set seed all in one year and are not 

very drought tolerant. When annuals occur they can provide useful forage into spring 

until their nutritive value declines as they dry off (Mitchell and Wilcox, 1994; 

Burnside et al., 1995). 

 Perennials 

Perennial plants, many of which are halophytic in the Southern Rangelands, act as 

maintenance forage during dry times when annual forage is unavailable or of 

deficient quality. Perennials are vital as they support animal production/maintenance 

during those years where annuals are not in abundance. Perennials provide the bulk 

of nutrition to grazing livestock between those periods when green annuals are 

available (pulse events in response to rainfall) (Harrington et al., 1984b). 

Most perennials are deep-rooted, drought-tolerant species that include large trees, 

shrubs and grasses. A perennial plant’s life cycle lasts more than two years and some 

species, mainly the tall shrubs and trees can live hundreds of years (Burnside et al., 

1995). 

The exceptions are weakly perennial and short-lived perennial plants. For example, 

Aristida contorta (wind grass) and Sclerolaena spp. (bindiis) are referred to as 

weakly perennial because they act like perennials during consecutive good seasons 

(Mitchell and Wilcox, 1994). The short-lived category establish their roots, stems 

and leaves in the first year and in the second year flower and set seed before dying 

(Burnside et al., 1995). There are some perennial grasses that lie dormant during dry 

seasons then burst into life quickly after rain. The perennial grasses such as Triodia 

(spinifex), Monachather paradoxa (broadleaf wanderrie grass) and Thyridolepis 

multiculmis (soft wanderrie grass) need less rain than annuals to germinate and grow 

(Mitchell and Wilcox, 1994). The growth patterns of perennial grasses also change 

when they enter the reproductive stage; leaf development starts to wane, flower 
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stems grow, develop seeds, and they die off if the dry season is extensive (Mitchell 

and Wilcox, 1994; Whiteman, 2002). 

The survival of shrubs during dry seasons acts as a maintenance ration for livestock 

(CSIRO, 1978). In all seasons, shrubs are a good source of protein (for grazing 

animals) but are not a good source of energy once they mature (Ruyle, 1993). The 

nutrients gained from shrubs and the fact they are drought tolerant make careful 

management of grazing on shrubs a vital issue for maintaining the vegetation base as 

the annuals are only a good source of forage during the short times they are 

available. 

Seasonal conditions will affect how many livestock can be supported on the 

vegetation, commonly referred to as short term carrying capacity. For example, 

during a good season, when there has been enough winter rain followed up with 

some summer rain, and there is an abundance of annuals, the short term carrying 

capacity is increased due to the increased supply of palatable forage. However, 

during drier seasons, where the forage is greatly diminished and the perennial plants 

are struggling for survival, the long term carrying capacity is reduced (Holechek, 

1988; Burnside et al., 1995). The target is to match SR with the fluctuation of the 

available vegetation (Payne et al., 1987). 

Below average rainfall is referred to as a ‘dry year’ and dry years are typical for the 

Southern Rangelands. Because of the regularity of the dry years, historically, the 

recommendation was to stock paddocks conservatively and aim for a low SR so an 

adequate diet could be maintained during the different seasons (Department of 

Agriculture Western Australia, 1992). Currently, the recommended SR is the long 

term carrying capacity of the paddock. The long-term carrying capacity of a paddock 

is dependent on its major land system type and how may DSE it can support without 

being degraded; however, short term carrying capacity can be reduced dramatically. 

During prolonged drought livestock should be removed completely as not only is 

there not enough feed to maintain them, the landscape will be susceptible to 

deterioration/degradation due to the effects of overgrazing resulting in a short term 

carrying capacity of zero. 
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2.3 Assessing Range Condition 

Assessing range condition to determine if the environment is improving, staying the 

same or being degraded is the crucial component for appropriate management 

decisions. It is crucial to assess the vegetation as a product of the environment, that 

is, in a cause-and-effect relationship with climatic conditions, soil characteristics, 

grazing animals and, in some areas, fire (Stoddart and Smith, 1955; Ludwig et al., 

2000). If production is to be continuously achieved over a long time, the soil must 

remain resilient to changes so that plants continue to grow and in turn keep the soil 

processes healthy (Holm et al., 1987; Holechek et al., 1989; Teague et al., 2011) 

Healthy rangelands are more productive, stable and resilient than those in unhealthy 

condition. To ensure animal production, the rangeland environment must contain a 

diverse range of plants that support grazing, and there must also be appropriate 

grazing strategies to maintain range condition (Holm et al., 1987; Teague et al., 

2011). 

Information on range condition for WA can be found in the technical bulletins for 

inventory and condition survey of each of the districts in the rangelands. These were 

produced by the Department of Agriculture and Food Western Australia and the 

Department of Land Administration. Each report provides comprehensive and 

detailed information on arid land classification, mapping and resource evaluation for 

the State. The reports also include the history, climate hydrogeology, vegetation, 

declared plants and animals and a full report on land systems, which includes 

descriptive vegetation, ecological assessment and soils (Pringle et al., 1994). 

Another resource that has been evolving since the 1970s is the Western Australian 

Rangeland Monitoring Sites (WARMS), where fixed-point data of perennial 

vegetation is collected over time to indicate health or condition of pastoral 

rangelands (Holm et al., 1987; Watson et al., 2007). When combined, these 

resources provide a starting point or baseline for range condition, which may then be 

monitored over time to determine the range condition trend. 
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 Monitoring 

Economic success for the livestock producer relies on not degrading the soil 

structure, hydrologic function and vegetation base that underpins the health of the 

livestock food and fibre (or both) production systems. Monitoring the trends of the 

integrity of the ecosystem allows the manager to document changes and refine 

management to progress toward the desired outcome in biological communities 

(Holm et al., 1987; Havstad and Herrick, 2003). Detection of potential landscape 

changes caused by grazing such as forage reduction and soil erosion is critical 

(Ludwig et al., 2000). The manager needs to act in time, take advantage of 

management windows by adding or removing livestock to utilise opportunities and 

avoid threats to the landscape. The aim of effective pastoral management is to 

achieve a balance between animal production and rangeland conservation. To 

achieve this, monitoring is essential to detect change in order to apply remedial 

action (Ash et al., 1994; Ludwig et al., 2000). There is also need for the ability to 

evaluate and record the level of land degradation and recovery successes/failures 

(Godínez-Alvarez et al., 2009). There are a variety of methods for monitoring, 

ranging from simple observations, on-ground data collection to remote sensing for 

measurement of rangeland condition indicators such as biodiversity, vegetation, 

nutrient cycling, runoff/infiltration, soil stability and landscape function (Holm et al., 

1987; Ludwig et al., 2000; National Land and Water Resources Audit, 2001) 

A stable soil surface is considered one of the most critical aspects of rangeland 

health; using vegetation assessments allows for the monitoring of small rangeland 

changes while still being an indicator of soil stability (Wilson and Tupper, 1982; 

Holm et al., 1987). Rangeland monitoring is commonly done by measuring 

vegetation cover and composition (Godínez-Alvarez et al., 2009). The object of 

monitoring, combined with assessment of FOO, is to provide management with the 

information to keep SR within the carrying capacity of the area/paddock and is also a 

record of the broader changes in resource condition (Novelly et al., 2008). 

When monitoring long-term rangeland trends, it is essential to have a baseline or 

rangeland inventory to start from (Holechek et al., 1989). Using the baseline as a 

starting point, monitoring can detect if range condition is improving, stable or 

declining. This helps the manager to make informed or revised management 

decisions and plans to facilitate improvement of the rangeland (Holm et al., 1987; 
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Burnside and Chamala, 1994; Briske et al., 2011). It is crucial for monitoring to be 

precise and efficient in order to effect change in management practices (Havstad and 

Herrick, 2003; Godínez-Alvarez et al., 2009). 

In WA, the State Government has established WARMS to capture changes in the 

State’s pastoral rangelands. At fixed, vegetation specific locations, perennial 

vegetation is identified and counted along with an assessment of soil condition every 

five years, generating a report at a regional level (Novelly et al., 2008). 

Indicator plants 

Using a specific item as an indicator of the health of a particular environment or 

ecosystem can be a way to see if an ecosystem is improving or declining (Carignan 

and Villard, 2002). Specific plant monitoring can provide valuable information on 

the health of the rangelands (Tauss, 1992; Pringle and Landsberg, 2004; Waudby et 

al., 2013). The presence or absence of plants that are highly sensitive to grazing is an 

indicator of range condition and grazing intensity. Classification of indicator plants is 

either a “decreaser” or an “increaser”. “Decreaser” species are the palatable, drought-

tolerant plants that are the first to disappear with overgrazing. As the abundance of 

“decreaser” species declines, range condition declines (Mitchell and Wilcox, 1994). 

Therefore, when monitoring range condition of an area if “decreaser” plants are 

present then the system can be said to be in good health relative to grazing 

(Landsberg and Crowley, 2004). 

Conversely, “increaser” plants are those species that occupy the places vacated by 

the “decreaser” plants. “Increaser” plants are usually less palatable (Landsberg et al., 

2003), are generally not useful for grazing, and can indicate degraded rangeland 

ecosystems (Mitchell and Wilcox, 1994). In extreme cases “increasers” can grow in 

thickets, forming barriers to more palatable plants. Some plant species have no 

indicator value. Non-indicators are the plants that may or may not be palatable, are 

out of reach of stock or are so sparsely distributed their presence or lack thereof is no 

indication of range condition (Burnside et al., 1995). 

Valuable monitoring involves regular assessments of the presence or absence of 

indicator species. Monitoring of multiple species is desirable. For example in WA 

shrublands, Maireana georgei decreases under light grazing by sheep and goats and 

is a sensitive indicator of grazing pressure while Eremophila forrestii only decreases 
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under heavy grazing (Fletcher, 1991). Ptilotus obovatus was considered the best 

single indicator plant for assessing range condition in this study as it responded 

moderately to grazing. 

2.4 Grazing in the Southern Rangelands 

Grazing livestock is one of the main commercial uses on pastoral leases in the 

rangelands (Fletcher, 1991; Waudby et al., 2013). While paddocks are large, the 

number of livestock they support is low and can vary between 1 DSE/5 ha to 1 

DSE/40 ha (Pringle, 1994). The variation in carrying capacity is influenced by the 

type and abundance of plants available, their nutritive value, short-term and long-

term seasonality, and the range condition (O'Reagain and Scanlan, 2013). 

Rangelands systems are different from more intensive animal production systems in 

that they are based on land management rather than the provision of improved 

pastures and/or the formulation of rations. Nutritional requirements of grazing 

ruminants are different in large rangeland paddocks where there is an added energy 

requirement crucial travel to food and water along with environmental stresses such 

as wind, heat and cold. The nutritional status of animals grazing the rangelands is 

affected by SR, forage types available, and seasonal conditions (Holechek et al., 

1989). Free-ranging animals choose their diet from the complex variety of available 

forage plant species. 

The manager has limited control of grazing pressure on the rangelands, with variable 

control (depending on infrastructure, predominantly fencing) of SR, herd 

composition and grazing sites (Ego et al., 2003). Domesticated livestock are unlikely 

to be the only grazing animal in the paddock as feral and native animals may also be 

grazing in the vicinity. 

There are many different herbivores grazing in the Southern Rangelands and these 

animals are in competition with each other for water and plants where dietary 

preferences may overlap (Pringle et al., 1994). As a consequence of grazing by 

native and feral animals, actual SR, known as total grazing pressure, is often above 

carrying capacity. Kangaroos and feral goats are more spatially selective and mobile. 

They can move through fences and thus grazing pressure within any one paddock 

will be highly variable over time, especially during those periods where there are 

flushes of new, green feed (Landsberg and Stol, 1996). Competitive grazing tends to 
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be greatest during drought when feed supplies are greatly reduced ((Short, 1986; 

Edwards et al., 1996). Competition for forage can occur in two ways: firstly, directly 

where forage is eaten by the native and feral herbivores thereby decreasing the 

amount of food available to domestic livestock (sheep and cattle); and secondly by 

native and feral animals grazing any “unstocked” paddocks that may be being held in 

reserve to provide future grazing for the domestic livestock. 

Grazing animals actively seek out and select green plant material. They target the 

new green leaves first (new growth and regrowth), then older green leaves, followed 

by green stem, then dry leaves and finally dry stems (Lyons and Machen, 2000; Freer 

and Dove, 2002). When vegetation is plentiful and the quality is good, animals spend 

less time grazing (Lyons and Machen, 2000). Sheep typically select high quality 

plant materials (Jamieson and Hodgson, 1979) and consume a diet of higher nutritive 

value than that of the average of the available pasture (Baumont et al., 2000). They 

are highly selective grazers and will strongly select some plant species while 

avoiding others completely (O'Reagain and McMeniman, 2002). Sheep are 

considered to be mixed or intermediate feeders as they willingly eat grass, forbs or 

shrubs. However, while they readily eat a wide variety of plants, grass and forbs, the 

actively growing parts of other plants are preferred (Arnold et al., 1966; Holechek et 

al., 1989; Stuth, 1991; Shipley, 1999; O'Reagain and McMeniman, 2002). 

In the rangelands, goats are mostly unmanaged (feral) as a result of escape, 

abandonment or deliberate release during the early settlement years. They are highly 

selective grazers and preferentially graze browse and grass (Holechek et al., 1989; 

O'Reagain and McMeniman, 2002). Furthermore, they can ingest a variety of browse 

species that contain high concentrations of condensed tannins (Howery et al., 1998), 

along with prickly acacias and a number of poisonous or bitter plants (Parkes et al., 

1996). These species are less palatable to sheep and are often avoided. 

The main species of kangaroo grazing in the southern rangelands are the red 

kangaroo (Macropus rufus) and western grey kangaroo (M. fuliginosus). Their 

numbers are assumed to have increased with settlement (of the rangelands) due to the 

installation of artificial water points (Caughley et al., 1980; Fensham and Fairfax, 

2008). Results of a survey conducted in Western Australia during 1981 indicated the 

numbers of kangaroo were low on vacant Crown Land and high on land used for 

grazing (Short et al., 1983). Kangaroo densities are converted to DSE for comparison 
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with domestic stocking densities. Based on studies of the field metabolic rate (energy 

requirements) of both the red kangaroo and Merino sheep,  Munn et al. (2013) 

reported that one red or grey kangaroo equals 0.35 DSE. 

The western grey kangaroo are primarily grazers, preferring grasses, forbs and 

sedges when available, but they can subsist on chenopod shrubs and other browse 

when the availability of preferred diets declines, as occurs with drought in arid areas 

(Barker, 1987). Red kangaroos also prefer grasses but can switch to chenopods and 

other vegetation as needed (Barker, 1987; Munn et al., 2010b). Of the large 

herbivores present in the rangelands, kangaroos are considered the most selective in 

terms of the vegetation types they grazed, and goats the least selective (Landsberg 

and Stol, 1996). Sprent and McArthur (2002) found grasses and broad leaf forbs 

constituted 91% of the kangaroo’s diet. 

During periods of abundant feed availability, dietary preferences may vary between 

sheep and kangaroos. In descending order of preference, it has been found that sheep 

prefer forbs, young grass, saltbush, mature grass, browse, mature browse, dry grass 

and bluebush, while red kangaroos prefer young grass, green forbs, mature grass, 

saltbush, dry grass, browse and bluebush (Dawson, 2012). Whilst sheep and 

kangaroos may have overlapping dietary choices, kangaroos not only prefer not to 

co-graze with sheep but also appear to enter paddocks recently vacated by livestock 

(Norbury et al., 1993; Edwards et al., 1996). 

Historically, it was believed that there was considerable, if not complete, overlap in 

the composition of the diets of sheep and kangaroos (Dawson and Ellis, 1994). The 

composition of the diets of sheep and kangaroos varies depending on whether they 

are grazing together or separately. Edwards et al (1996) found that sheep and 

kangaroos grazing together had different diet compositions compared to those not 

grazing together. Manipulated field studies have shown that sheep and kangaroo 

diets often overlap when they are grazing together (Harrington et al., 1979; Squires, 

1982; Barker, 1987; Dawson, 1989; Edwards et al., 1995). However, Munn et al. 

(2013) found that whilst there was some overlap, kangaroos ate more grass than 

sheep, whereas sheep showed a strong preference for browse. Though, Edwards et 

al., (1996) found that it was only during periods of decreased feed availability (semi-

drought conditions) that there was sporadic overlap of the diets of sheep and 

kangaroos. Similarly, Dawson and Ellis (1994) found that significant competition 
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between sheep and kangaroos only occurred during drought. They found that where 

sheep and kangaroos were grazing together during a drought, the sheep altered their 

grazing to include more saltbush, but where there was no competition (with 

kangaroos), the sheep continued to eat grasses and forbs. 

It is not only seasonal conditions (and thus feed supply) that influences the extent to 

which kangaroos and sheep graze together in the same paddock and potentially 

compete for the same feed. 

2.5 Determining the Composition of Diets of Rangeland Grazers 

The greatest challenge in determining the extent of competition in the rangelands 

(Munn et al., 2009) is determining the botanical composition of the diet of the 

various grazing animals (Caughley et al., 1987). Determining the botanical 

composition of the diet of grazing animals under rangelands conditions are difficult 

because of the large number of plant species that may constitute the ‘pasture’ and 

animal characteristics (Decruyenaere et al., 2009). 

The diet selected by a grazing animal is a function of preference. The plant species 

and plant parts consumed by an animal is influenced by the proportion and 

distribution of preferred components within the grazing environment (Hodgson, 

1979; Papachristou et al., 2005). Diet selection is influenced by an animal’s previous 

grazing experience and also varies between individual animals (Ortega-Reyes and 

Provenza, 1993). Animals often continuously re-graze highly preferred plants 

(Norton, 1998) before consuming less preferred species (Rosiere et al., 1975). This 

continual re-grazing can lead to significant reductions in range condition, especially 

during drought. Managing rangelands to maximise and maintain plant diversity will 

generally provide both livestock and wildlife with an optimum balance between 

forage quantity and quality (Holechek et al., 1989). 

The greatest limitation to progress in the study of diet selection, especially in the 

rangelands, is the scarcity of reliable techniques for assessing diet composition and 

intake. There are several methods for determining diet composition in relatively non-

complex situations and these include: direct observation of the plants consumed by 

grazing animals; measuring plant biomass in the paddock, identification of plant 

material in oesophageal, rumen and faecal samples; comparison of plant alkanes and 
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faecal alkanes; near infrared spectroscopy (NIRS) profiles of faeces (fNIRS); and 

faecal DNA (fDNA) profiles. 

 Observation methods 

Direct observation of the dietary selections has been used for many animals 

including sheep (Ngwa et al., 2000), goats (Dumont et al., 1995; Ngwa et al., 2000) 

and llamas (Dumont et al., 1995). However, the validity, accuracy and precision of 

the data are questionable and typically biased towards easily observable plant species 

(Salem and Papachristou, 2005). 

Royer et al. (2005) provided two potential methods for observing grazing animals in 

the rangelands. The assumption for both of these methods is that stock will continue 

to graze whilst being watched. The first method, the focal-animal method, involves 

watching one animal intently and recording the number of bites it takes from grass, 

shrub or forb for 5 minutes. The second method, instantaneous-scan sampling, 

involves observing 10 animals to see what they are eating in terms of general 

categories such as grass, shrub or forb. This method assumes all plants types are 

known and easily identified, Shrestha and Wegge (2006) found plants were often 

identified incorrectly and in the case of yaks, much grazing was done at night when 

no observations were conducted. Furthermore, some of the issues with obtaining diet 

composition from observation methods are that bite size can vary making it a crude 

estimate of how much of a plant the animal is eating; the observation period is likely 

to be short; and it will be difficult for the observer to see exactly what the animal is 

eating without disturbing them (Mayes and Dove, 2000). However, Garnick et al 

(2018) reported promising advances in video recording animals for behaviour data, 

negating the need for direct observations. 

 Plant biomass 

An alternative means of estimating diet composition involves measuring the pre- and 

post- grazing pasture biomass and composition (t'Mannetje and Haydock, 1963; 

Campbell and Arnold, 1973; Tothill and Gillies, 1992; t'Mannetje, 2000). Sample 

sizes, frequency of monitoring, and the size of quadrats must be appropriate to the 

size of the area and the vegetation type (t'Mannetje, 2000). It is difficult to detect 

changes in biomass when minimal utilisation has occurred and as a consequence 

within heterogeneous pastures, such as in the rangelands, large sample sizes are 
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necessary. Furthermore, methods that use this procedure can be fraught with errors if 

non-test animals are also grazing the resource, as is generally the case in the 

rangelands. 

 Identification of plant material in oesophageal, rumen and faecal samples 

The composition of the diet of grazing animals has also been estimated by the 

microscopic examination of oesophageal fistula samples (Rosiere et al., 1975; 

Squires and Low, 1987), rumen samples (Mayes and Dove, 2000) and faecal samples 

(McInnis et al., 1983; Alipayo et al., 1992; Edwards et al., 1995). Examination of 

oesophageal samples is considered to be the more accurate method. This is due to 

plant fragments remaining visible as they are not as digested as rumen or faecal 

samples, thus providing a better representation of the actual diet (Rosiere et al., 

1975; McInnis et al., 1983; Henley et al., 2001). However, samples collected from 

fistulated animals are limited to short periods of time and the presence of the fistula 

may interfere with the animal’s normal grazing behaviour (Coates et al., 1987; 

Mayes and Dove, 2000). Furthermore, the use of fistulated animals is limited in 

extensive grazing situations and by practical and welfare concerns (Le Du and 

Penning, 1982). 

Faecal samples are non-invasive, do not interfere with grazing and can be collected 

anytime. Collection of faecal samples is the only suitable method when dealing with 

shy animals. However, difficulty in identifying plant material in faecal samples leads 

to underestimation of the proportion of forbs ingested in particular (Holechek et al., 

1982; McInnis and Vavra, 1987) because of their almost complete digestibility 

resulting in no fragments left to identify in the faeces (Shrestha and Wegge, 2006). 

 Analysis of plant and faecal hydrocarbons 

Saturated hydrocarbons or n-alkanes are found in the cuticular wax of a plant. The 

concentration and profile of n-alkanes are specific to plant species and plant parts 

(Dove et al., 1996; Ferreira et al., 2005). By identifying the n-alkanes in the plant 

and comparing them with the n-alkanes found in the faeces, it is possible to estimate 

the composition of the diet (Brosh et al., 2003). 

Determining the composition of the diet based on analysis of n-alkanes has been 

validated using pen-feeding studies in sheep (Lewis et al., 2003), goats (Ferreira et 
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al., 2005) and cattle (Ferreira et al., 2007). In field based studies, the technique has 

only been validated in simple pastures (Newman et al., 1995; Chen et al., 2002). 

Using n-alkanes to determine the composition of the diet of animal grazing in the 

rangelands is unlikely to be successful due to the limited number of available n-

alkanes as markers (Dove, 1996; Valiente et al., 2004) and often insufficient 

differences in the concentration and profile of n-alkanes between plant species (Lee 

and MacGregor, 2004). In addition, n-alkanes have been found to differ between the 

stem, leaf and flower-head of plants (Smith et al., 2001). Alkanes may also vary with 

the ages of some plants (Lee and MacGregor, 2004). 

 Faecal near infrared spectroscopy  

Near infrared spectroscopy is the analysis and characterisation of a sample based 

upon the absorption properties of the sample within the near infrared reflectance 

(NIR) radiation region (750 – 2500 nm). The NIR spectrum of a plant or faecal 

sample is related to the chemical bonds within the organic matter (OM) and includes 

primarily carbon, hydrogen, nitrogen and oxygen (Givens and Deaville, 1999; 

Kitessa et al., 1999). To date, the application of this technique has been limited to 

pastures of simple mixtures of grasses and/or browse species (Coates and Dixon, 

2008; Glasser et al., 2008; Núñez-Sánchez et al., 2016; Petzel et al., 2018). The 

faecal NIRS technique requires objective authentication and continual monitoring of 

calibrations, so care must be taken when assessing plant composition in a faecal 

sample (Walker et al., 2002; Dixon and Coates, 2009). 

 Faecal DNA 

The use of fDNA fingerprinting (also referred to as molecular scatography) can 

provide insight into the diet of animals (Parsons et al., 1999; Fedriani and Kohn, 

2001; Deagle et al., 2005). It is non-invasive and furthermore it can provide 

information when the diet of the animal cannot be established by observational 

studies. The high selectivity of grazing animals makes it particularly difficult with 

observational studies to ascertain what they are eating in the very diverse rangelands. 

In one study it was found that 80% of the diet came from 1% of the standing forage 

(Lyons and Machen, 2000). Faecal DNA is a more appropriate method when the 

intake of a particular dietary component(s) is low and/or digestibility is very high 

(for example, forbs) and thus the amount present (i.e. plant fragment) in faeces is 
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below visual detection. Faecal DNA allows identification at the plant species level, 

which can be extremely difficult with microhistological techniques (Pompanon et al., 

2012). Ando et al. (2013) concluded diet analysis using fDNA provided a high-

resolution identification of food plants and clearly overcame the bias of traditional 

microhistological analysis. However, DNA could have its own biases in (1) detection 

of DNA in good form over degraded DNA, causing a reduction on taxonomic 

identification in the sample, and (2) an overestimation of forbs in the diet, due to the 

proteins found in forbs (Garnick et al., 2018; King and Schoenecker, 2019). Existing 

databases are required for a reference library, and these libraries can be fraught with 

errors such as misidentification and contamination (Harris, 2003; Valentini et al., 

2009; Scasta et al., 2019).Most of the studies that use fDNA for diet analysis are 

based on carnivorous animals, for example fin whale (Balaenoptera physalus) and 

Adelie penguin (Pygoscelis adeliae) (Jarman et al., 2004). Fewer studies have been 

carried out on herbivorous animals such as kangaroos (Ho et al., 2010), black and 

white colobus monkeys (Colobus guereza) and western gorillas (Gorilla gorilla) 

(Bradley et al., 2007). 

The enormous heterogeneity of sequences presented by faecal DNA requires a 

priming system that excludes all except those of plant species origin (Ho et al., 

2010). The molecular tools most commonly used for diet analysis include the use of 

universal primers and the use of group-specific primers, with the latter requiring a 

prior knowledge of the animals' diet (Valentini et al., 2009). PCR is necessary for all 

forms of DNA fingerprinting and chloroplast-based PCR is useful as photosynthesis is 

a vital survival mechanism in angiosperms; chloroplast DNA is more abundant than 

nuclear DNA (Timmis, 2003; Sucher et al., 2012). 

 Composition of the diet can also be determined using a very short fragment (10–140 

bp) of the intron of the gene encoding chloroplast tRNA for leucine, codon UAA 

(trnL [UAA] intron) as a target for plant DNA identification (Taberlet et al., 2007). 

This technique was used to determine components of the diet of kangaroos (Ho et al., 

2010) and as part of the research reported in this thesis. The trnL approach is suitable 

for determining the composition of the diet of herbivorous animals because the 

primers are universal for gymnosperms and angiosperms and is suitable for faeces 

that contain degraded DNA (Valentini et al., 2009). 
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When DNA is poor quality and low quantity it can easily produce erroneous results 

(Morin et al., 2001); however, through rigorous application of standards for 

replication accurate results can be obtained (Broquet and Petit, 2004; Nsubuga et al., 

2004). Repetition is needed to counteract the errors of contamination which can 

consistently cause errors in a set of results or sporadically cause the occasional error 

(Morin et al., 2001). There can also be difficulties is extracting positive identification 

of certain plants within the same species (Ho et al., 2010). However, DNA has the 

potential to be successful in identifying plants in a species rich environment whereas 

identifying plant remnants (microhistological) while inexpensive is time consuming 

and suited to landscapes with only a few different plant species rather than species 

rich environment of the rangelands (Holechek et al., 1989; Sierra et al., 2005). 

Genetic analysis of faecal matter could potentially provide biomass estimates if the 

amounts of DNA from each test animal is proportional to the mass in the diet as a 

percentage instead of just the presence or absence from the diet. This was used to 

provide an estimate of the proportion of the fish present in the meals fed to sea lions 

(Deagle et al., 2005). 

In the Southern Rangelands of WA there are many different land types resulting in 

high diversity of plant species that vary in both nutritive value (quality) and quantity 

between seasons. Many different animals graze this vegetation, domestic, feral and 

native. These influences make it difficult to be confident about what is being grazed 

by livestock (versus other species) and consequently what livestock production can 

be expected. The use of faecal DNA may provide new insights into the diet of 

grazing animals in the rangelands. 
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3.1 Study Site 

The field study was conducted between November 2005 and November 2007 on 

“Mendleyarri” pastoral lease (1210 40’ E, 290 46’ S) (see Figure 3-1), a sheep 

station located in the Southern Rangelands of WA. “Mendleyarri” is located in the 

north-eastern Goldfields and has an average of 46 rain days per year, a mean annual 

rainfall of 248 mm; however, the amount of rain that falls monthly and annually can 

be dramatically different. For example, based on historical records, while the average 

annual rainfall is 248 mm, the highest annual rainfall was 721 mm and the lowest 

annual rainfall was just 75 mm. It is not usual to have many lower than average 

rainfall years peppered with high rainfall events. 

While rainfall is fairly evenly distributed between summer (November to April) and 

winter (May – October), winter is the most effective growing season, usually starting 

in May. The area can receive 49% of its rainfall in summer; however, it must be 

significant to offset the high evaporation rates in order to achieve growth periods 

during the months of January and February (Pringle et al., 1994). 
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Figure 3-1: Locality of study site on “Mendleyarri” pastoral lease  

Two adjoining paddocks were chosen for the study (Figure 3-2). The 

unstocked/rested paddock (R, “Scotties”, 10 200 ha) had not been grazed by 

livestock for several years and it contained many pastorally desirable plant species. 

This unstocked/rested paddock encompassed three major land systems, Carnegie, 

Deadman and Kirgella (as shown in Figure 3-2). The Carnegie land system is 

characterised by scattered to moderately close halophytic shrublands and has a high 

pastoral potential (8 to 12 DSE) (Pringle, 1994). Despite the paddock being 

unstocked/rested, there was evidence that the Carnegie land system was 

preferentially grazed in this paddock, presumably by feral goats and macropods. 

Deadman is situated on calcareous plains supporting acacia, black oak and mallee 

shrublands/woodlands and has a moderate pastoral potential (15-19 ha/DSE). 

Kirgella is extensive sandplain with scattered granite outcrops, supporting mainly 

spinifex hummock grasslands and mulga/mallee shrublands. It has a very low 

potential carrying capacity (>30 ha/DSE) (Pringle, 1994). 

The stocked paddock (S, “Homeward Bound”, 3 700 ha) had been permanently 

stocked (stocking rate unknown) with Damara sheep for at least 3 years prior to the 
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commencement of the study. Historic grazing with a set number of sheep (likely 

Merino) left in the paddock continuously, without spelling year after year had led to 

a general loss of desirable, palatable, perennial plant species. The dominant land 

system within this paddock is Carnegie. 

As rainfall is unreliable, livestock were provided water from a trough with water 

supplied from underground aquifers. This water contained 2400 ppm salt, which is 

considered good quality stock water. 

 

Figure 3-2: Location of the monitoring sites with the unstocked/rested (“R”) and 

stocked (“S”) paddocks.  

3.2 Assessing Range Condition 

 Monitoring sites 

In both the stocked and unstocked/rested paddocks fixed point photographic 

monitoring sites were based on elements from the publication ‘Monitoring 

Rangelands’ (see Figure 3-3 and Figure 3-4) (Tauss, 1992). Each site included an 

adjacent dung collection site where all faecal matter was collected at each site visit to 

determine grazing density (g faecal dry matter/ha/d) in relation to distance to water. 

The dung collection site (8.5 * 5.0 m), were installed at approximately 1 km intervals 
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along an east to west running transect from the water point (“Possums Corner”, as 

shown in Figure 3-2). The basis of the selected transect was accessibility from the 

existing road, which was important given the remoteness of the study site.  Seven 

sites were installed in the unstocked/rested paddock (R1, R2, R3, R4, R5, R6 and R7) 

and four in the stocked paddock (S1, S2, S3 and S4), as shown in Figure 3-2. The 

size of the paddocks dictated the number of sites installed. Six of the sites in the 

unstocked/rested paddock were located in the transitional zone between the Carnegie 

and Deadman land systems. The seventh site (R7), a deliberate outlier on the fringe 

of the salt lake about 5 km from Possums Corner water point and was located solely 

in the Carnegie land system. All sites in the stocked paddock were located within the 

Carnegie land system. Site 1 in the unstocked/rested paddock (R1) was 0.9 km from 

“Possums Corner”, the closest water point. 
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Figure 3-3: Establishment of photographic monitoring and dung sites.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-4: Diagram of the layout of the photographic monitoring sites.  

Target plants were chosen based on their palatability to herbivores, known to be 

present in the paddocks and include a mix of grass, low shrub, shrub, tall shrub and 

tree. The choosing of the dedicated target plants was based on their being known to 

be palatable to herbivores, known to be present in the paddocks and include a mix of 

grass, low shrub, shrub, tall shrub and tree. At each monitoring site, target plants 
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(Figure 3-5) were labelled with a small survey peg and authentic during each site 

visit. 

Site visits were completed 13 April 2007 (unstocked/rested paddock only), 27 April 

2007 (stocked paddock only), 1 June 2007 (both paddocks), 28 June 2007 (both 

paddocks), 27 September 2007 (both paddocks) and 18 November 2007 (both 

paddocks). The need for two sites visits in April 2007 was due to inability to 

complete monitoring of all sites within one day and the non-availability of staff for 2 

consecutive days. 

 

Figure 3-5: An identification peg was installed 1 m away from the base of the target 

plant. The peg helped for quick location finding at subsequent visits and, the front 

leg of the camera tripod was positioned against the peg and 30 cm ruler to show 

scale. 

 

3.3 Plant Studies 

A Scientific or Other Prescribed Purposes (SOPP) flora licence was obtained from 

the WA Department of Environment and Conservation at the start of the study and 

renewed annually. Target plants weres scanned and initial identification confirmed 

using the internet program FloraBase (http://florabase.dec.wa.gov.au). 
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The target plant species selected for determination (Table 3-1) of their nutritive value 

(Chapter 6) included all of the plants collected for DNA profiling (Chapter 5). The 

target plant species were chosen on the basis they were known to be palatable to 

herbivores based on observations and the knowledge of pastoralists and Department 

of Agriculture and Food staff, along with evidence of utilisation observed in the field 

and sampling sites in the paddocks and information reported by Mitchell and Wilcox 

(1994) and Russell and Fletcher (2003). 

A total of 13 plant species (Table 3-1) were collected (and confirmed as true 

specimens by the WA Herbarium, accession 3787 and 4559) from the study site for 

establishment of a plant DNA data bank (Chapter 5). The fresh plant samples were 

transported in a foam esky to the ChemCentre WA (Perth) for DNA analysis. The 

scans of each target species collected are presented in Appendix 1. These plants were 

selected to allow the determination of components of the diets of small ruminants 

(Damara sheep and feral goats) and kangaroos grazing on the study sites using fDNA 

(Chapter 5). These plants were selected on the basis of them being known to be 

palatable to herbivores, which also meant they were usually “decreaser” species. 

Including indicator plants in the fDNA profile would allow an indirect measure of 

rangeland condition, with the presence of “increaser” or absence of “decreaser” 

plants in the fDNA profiles potentially indicative of increased grazing pressure and 

potential decline in range condition. 

The plant DNA data bank also included Solanum lasiophyllum (flannel bush) and 

Enchylaena tomentosa (Ruby saltbush), which had been collected as part of a similar 

study undertaken near Yalgoo in WA (Daly, 2009). While neither plant was a target 

plant in this study it was identified through the fDNA analysis. 
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Table 3-1: Plant species selected for DNA profiling and/or assessment of nutritive value. 

 

Scientific name Common name Category
1 

Palatability 

rating
2
 

Indicator 

value3 

DNA 

profile 

Nutritive 

value 

assessment 

Acacia hemiteles Benth. Tan wattle Shrub - - Yes Yes 

Acacia tetragonophylla F. Muell# Curara Tall shrub Low - No Yes 

Aristida contorta F. Muell Wind grass Grass High3 - Yes Yes 

Atriplex vesicaria Heward Bladder saltbush Low shrub Moderate Decreaser Yes Yes 

Austrostipa elegantissima Labill# Silver speargrass Grass High3 Decreaser Yes Yes 

Enchylaena tomentosa## Ruby salt bush Low shrub High - Yes Yes 

Enneapogon caerulescens (Gaudich) N. Burb. Limestone grass Grass High3 Decreaser Yes Yes 

Eragrostis dielsii Pilger ex Diels & E. Pritzel# Murchison red grass Grass High3 - No Yes 

Eremophila longifolia (R. Br.) F. Muell. Berrigan Tree Moderate Decreaser No Yes 

Eremophila maculata subsp. brevifolia (Ker Gawl.) F. Muell. Fuchsia bush Low shrub Moderate Decreaser Yes Yes 

Exocarpos aphyllus R. Br. Naked lady Shrub Low3 - No Yes 

Frankenia setosa Frankenia Low shrub Moderate3 Decreaser* Yes Yes 
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Maireana georgei (Diels) Paul G. Wilson George's bluebush Low shrub High Decreaser Yes Yes 

Maireana pyrimidata (Benth.) Paul G. Wilson# Sago bush Low shrub Moderate - Yes Yes 

Maireana sedifolia (F. Muell) Paul G. Wilson Pearl bluebush Shrub Low Decreaser Yes Yes 

Maireana triptera (Benth.) Paul G. Wilson Three-winged 

bluebush 

Low shrub Low - No Yes 

Maireana trichoptera (J.M.Black) Paul G.Wilson Downy Bluebush Low shrub - Decreaser No Yes 

Ptilotus obovatus (Gaudich.) F. Muell Cotton bush Low shrub Moderate Decreaser Yes Yes 

Rhagodia drummondii Moq. in DC Low rhagodia Low shrub High3 Decreaser Yes Yes 

Scaevola spinescens R.Br Currant bush Low shrub Moderate Decreaser Yes Yes 

Sida ectogama W.R. Barker & R. M. Barker - Low shrub - - No Yes 

Solanum lasiophyllum Poir. ## Flannel Bush Low shrub Low - Yes Yes 

Templetonia egena F. Muell Desert broombush Tall shrub - - No Yes 

1: (Pringle et al., 1994), 2: compiled by Department of Agriculture and Food WA from a survey of rangeland practitioners in June-July 2003; 3: (Mitchell and 

Wilcox, 1994); 

*Decreaser only where the stock water contains less than 2000 ppm salt 

# not part of the target plant list, opportunist selection 

## detected from the data bank from plants used in Daly (2009) study 
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It was not possible to routinely visit the station (study site) to collect data and 

samples for various reasons including weather, availability of staff and the 

Manager’s approval for a site visit. 

At varying intervals over the study period leaf material was harvested for chemical 

(nutrient) analysis from the selected plant species from an area within a 50 m area of 

the monitoring site. Approximately 100 g (known weight) of new leaf material was 

collected from the entire plant(s); however, if new leaf material was not present older 

material was collected. Stems, flowers and fruit were avoided to reduce variation in 

the nutritive value due to inclusion of different parts of the plant. 

Within 8 h of collection in the field, the plant samples were dried before transporting 

to the Chemistry Centre WA for subsequent processing and analysis. 

  



 

40 

 

4.1 Introduction 

To maintain animal production for the long term the underlying resource base, the 

vegetation, must be maintained. Management is required to match FOO to meet 

livestock needs and ensure the rangelands remain healthy and resilient. 

One of the most dominant factors affecting rangeland environments is the highly 

variable rainfall, which directly impacts on plant production. Grazing pressure will 

also affect plant production and subsequent animal production. 

Measuring plants, assessing what species are present and their abundance is 

commonly done as an indicator of rangeland health often alongside soil indicators. 

Monitoring sites typically reflect medium to long-term changes in the ecosystem. 

Plant production responses to rainfall and grazing pressure can also be monitored by 

assessing the normalised difference vegetation index (NDVI), which is generated 

using satellite data, which regularly records the photosynthetic activity of a defined 

area (Cridland et al., 1995). The National Oceanic and Atmospheric Administration 

(NOAA) Satellite takes daily images as it passes over WA, giving greenness values 

for every square kilometre that is not obscured by cloud. Using this data to generate 

NDVI provides comprehensive data about day-to-day changes in the vegetation and 

effectiveness of rainfall events (Cridland et al., 1995; Roderick et al., 1999). 

Monitoring sites were established and time series photographs taken of target plants, 

and together with NDVI and rainfall data and information on grazing densities by 

native, feral and domestic livestock, were used to assess changes in range vegetation 

in response to an ongoing dry conditions. 

4.2 Materials and Methods 

As previously described in Chapter 3, within each of the two paddocks, monitoring 

sites (see Section 3.2.1) were established at approximately 1 km intervals out from 

the central water point located between the stocked paddock and the unstocked/rested 
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paddock. These monitoring sites served three purposes. Firstly, a fixed landscape 

photograph was taken of the general area showing the type of vegetation present and 

served as a reference point to monitor any changes. Secondly, at each monitoring 

site, plants believed to be palatable to sheep were labelled and classified as target 

plants. These target plants were photographed at each visit. 

The monitoring sites installed in the unstocked paddock were photographed on six 

occasions (June 2006, April 2007, June 2007 [two occasions], September 2007 and 

November 2007) while those installed in the stocked paddock were photographed on 

five occasions (April 2007, June 2007 [two occasions], September 2007 and 

November 2007). During each visit, in addition to photographing the monitoring 

sites and target plants, plant material was collected from selected species located 

within close proximity (50 m range) of the monitoring sites for assessment of 

nutritive value. During each site visit, subjective observations were made such as 

leaves curling or dropping or if flowering of the plants found within close proximity 

(up to 100 m) of each of the monitoring sites. 

Image J™ was used to retrospectively measure the height of the plants documented 

in (Figure 4-6) by setting the pixel size from a known distance. The known distance 

was that from the ruler placed at the base of each plant, once the pixels were 

measured each plants could then be measured in centimetres and recorded. The 

measures were taken from the base to the top of the plant give or take a few 

centimetres. 

Rainfall data over the study period was retrieved from the Bureau of Meteorology for 

“Mendleyarri”. 

 Faecal collections 

All faecal matter (sheep, feral goats and kangaroo) was collected during each site 

visit from the 42.5 m dung collection site installed at each monitoring site to 

determine dung density in relation to distance from water. The faeces were sorted 

into sheep (Damara), feral goat or kangaroo faeces. Two species of kangaroos were 

observed on “Mendleyarri”, the red kangaroo (M. rufus) and western grey kangaroo 

(M. fuliginosus). Kangaroo faeces being square and often bigger could be readily 

distinguished from that of small ruminants. Sheep dung has more rounded pellets 

with a point at one and goats tend to be a bit smaller and have more of a cylindrical 
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shape that can have a point/taper at both ends (Landsberg et al., 1994). In addition to 

visual assessment, any small ruminant faeces collected from the unstocked/rested 

paddock were deemed to be from feral goats as in the early stages of the study goats 

were observed in this paddock (and supported the cylindrical shape of the dung 

collected in that paddock). Faecal samples collected from the stocked paddock were 

considered to be from sheep based on visual assessment. In addition, over the study 

period goats were never observed in the stocked paddock. 

The dry weight of the faecal matter or dry matter (DM) collected from each of the 

dung collection sites was used to calculate dung density using the following 

equation:  

Dung density (g faecal DM/ha/d) = g faecal matter * [10000/42.5] * [1/period of 

time between collection (d)] 

 Normalised difference vegetation index 

Normalised difference vegetation index provides a measure of greenness that ranges 

between -1 and +1 (Bureau of Meteorology, 2018). satellite data where light is either 

reflected or absorbed by vegetation and the surface of the earth. When plants are 

actively growing they will absorb red light and strongly reflect near-infrared. When 

plants are dead or in bare areas red light will be reflected back and near-infrared 

absorbed, NDVI calculates the difference and gives the vegetation greenness 

(photosynthetic active material) value. When plants are actively growing in dense 

concentrations with lush green leaves the value will be close to +1. Conversely, if the 

plant is dead or the ground bare the value will be close to 0.1 (Cridland et al., 1995; 

Roderick et al., 1996; Bureau of Meteorology, 2018). 

Using extracted data from the Satellite for the stocked and unstocked/rested 

paddocks. Dr Shane Cridland (formerly of the Commonwealth Department of 

Environment, Water, Heritage and the Arts, Canberra) analysed and calibrated the 

data. The NDVI data were extracted fortnightly over the study period to show 

changes in “greenness” over the study period. Changes in “greenness” indicate 

change in potential forage availability and quality. 

NDVI was calculated as (NIR-Red) / (NIR+Red) where “NIR” is the near infrared 

reflectance of green vegetation and “red” is the reflection of green vegetation in the 
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red wavelengths. The NDVI data, plotted as a time series, for the two paddocks was 

collected from December 1986 to December 2007. 

4.3 Results  

 Rainfall 

The long-term annual rainfall for “Mendleyarri” is 248 mm; however, 2005 was a 

very dry year, receiving a total of only 114 mm which is less than half the long term 

average. Good rainfall was received at the beginning of 2006, with 230 mm of rain 

received within the first 5 months. However, only a further 8 mm of rain was 

recorded over the winter period (May, June, July and August). By the end of 2006, 

the total rainfall was 324 mm, which was 76 mm above the annual average rainfall. 

As shown in Figure 4-1, compared to the monthly, long-term average, there was a 

peak during December 2006 and January 2007, but for the rest of the study period 

(up until November 2007) monthly rainfall was consistently below the long-term, 

average. Total rainfall for 2007 was 200 mm, which was 48 mm below average. 

Below average rainfall was recorded for 14 out of the 18 months of the study period 

(June 2006 – November 2007), with winter rainfall being well below average in both 

2006 and 2007. This would have impacted on the growth of existing plants and 

restricted new germinations of both perennial and annual plant species. The winter 

periods were well below the usual average, particularly in July 2006 where no rain 

fell, the 3 monthly Bureau of Meteorology (BOM) rainfall deficiency was the lowest 

on record for two consecutive periods (Bureau of Meteorology, 2018). 

 



 

44 

 

 

Figure 4-1: Actual and long-term average rainfall for “Mendleyarri” over the study 

period. 

 Normalised Difference Vegetation Index 

For both paddocks, the NDVI increased in early 2006 in response to the high summer 

rain, with little delay in the vegetation’s initial response to the January rainfall. The 

NDVI continued to increase for about one month, after the rainfall stopped. For the 

rest of 2006, NDVI trended down in response to the low rainfall, and generally there 

was about a one-month lag response time (to any subsequent rain). The response in 

NDVI to rainfall events in 2007 followed the same patterns. As shown in Figure 4-2 

from June 2006 to November 2007, the NDVI for the unstocked/rested paddock was 

consistently higher than that of the stocked paddock; however, overall NDVI values 

were low for both paddocks compared to the preceding 20 years of NDVI data. 

In 2006, the NDVI of both of the study paddocks generally decreased, although the 

maximum NDVI for the entire study period (0.22 for the unstocked/rested paddock; 

0.18 for the stocked paddock) occurred in July 2006. In the preceding 20 years, the 

highest NDVI was 0.259 for the stocked paddock (1995) and 0.285 for the 

unstocked/rested paddock (1995). During 2007, the NDVI fluctuated between 0.14 

and 0.20 for the unstocked/rested paddock and between 0.12 and 0.16 for the stocked 

paddock. By the end of 2007 the NDVI was very low (0.14 for the unstocked/rested 
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paddock, 0.12 for the stocked paddock). By this time all of the sheep had been 

removed from the stocked paddock. 

 

 

 

Figure 4-2: Normalised Difference Vegetation Index (NDVI) of the stocked and 

unstocked/rested paddocks and rainfall over the study period.  

 

The long-term (1986-2007) NDVI for the study sites is shown in Figure 4-3. This 

shows around the late 1980s the stocked/rested and stocked paddock were much 

closer together, however, around the 1990s the stocked paddock began to have a 

lower reading. While there could be a number reasons for the lower reading, it is 

likely due to the historical SR (of Merino sheep) being in excess of carrying capacity 

which reduced the annual and perennial vegetation and therefore the greenness. With 

the continued high SR (with Damara sheep) being in excess of carrying capacity this 

greatly reduced the response of vegetation to rainfall. 
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Figure 4-3: Normalised Difference Vegetation Index (NDVI) of study sites from 

1986 to 2007. 

 Monitoring sites 

When the monitoring sites were initially set up in November 2005, all of the sites 

were noticeably dry and there were no annual plant species present. A time-series of 

photographs (June 2006 – November 2007) taken at Site 1 in the unstocked/rested 

paddock (R1) is presented in Figure 4-4. A time-series of photographs (April 2007 – 

November 2007) taken at Site 1 in the stocked paddock (S1) is presented in Figure 

4-5. Both of these monitoring sites were located approximately 1 km from the water 

point. The time series photographs for the remaining monitoring sites in the 

unstocked/rested and stocked paddocks are presented in Appendix 2. 

 Target plants 

Time series photographs of the target plants at the various monitoring sites in the 

stocked and unstocked/rested paddocks are presented in Figure 4-6. 
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June 2006 April 2007 

  

June 2007 28 June 2007 

  

27 September 2007 18 November 2007 

 

Figure 4-4: Time series photographs of monitoring Site 1 (R1) located 

approximately 1 km from the water point in the unstocked/rested paddock. 
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NOT TAKEN 

 

June 2006 April 2007 

  

June 2007 28 June 2007 

  

27 September 2007 18 November 2007 

 

Figure 4-5: Time series photographs of monitoring Site 1 (S1) located 

approximately 1 km from the water point in the stocked paddock. 
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29 June 2006 13 April 2007 1 June 2007 28 June 2007 27 September 2007 18 November 2007 

  

   

 

Acacia hemiteles Site 3, stocked paddock (S3) 

NOT TAKEN 

     

Aristida contorta Site 7, unstocked/rested paddock (R7) 

      

Atriplex vesicaria Site 2, unstocked/rested paddock (R2) 
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Atriplex vesicaria Site 3, unstocked/rested paddock (R3) 

      

Atriplex vesicaria Site 7, unstocked/rested paddock (R7) 

      

Atriplex vesicaria Site 4, stocked paddock (S4) 

NOT TAKEN 

     

Enneapogon caerulescens Site 7, unstocked/rested paddock (R7) 
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Eremophila maculata subsp. brevifolia Site 1, unstocked/rested paddock (R1) (adjacent to Mairaena goergei) 

NOT TAKEN 

    

Eremophila maculata subsp. brevifolia Site 2, stocked paddock (S2) 

    

Frankenia setosa Site 1, unstocked/rested paddock (R1) 

     

Frankenia setosa Site 7, unstocked/rested paddock (R7) 



 

52 

     

Frankenia setosa Site 4, stocked paddock (S4) (adjacent to Mairaena goergei) 

     

Maireana georgei Site 1, unstocked/rested paddock (adjacent to Eremophila maculata subsp. brevifolia) (R1) 

      

Maireana georgei Site 2, unstocked/rested paddock (R2) 

      

Maireana georgei Site 3, unstocked/rested paddock (R3) 
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Maireana georgei Site 4, unstocked/rested paddock (R4) 

      

Maireana georgei Site 4, stocked paddock (S4) (adjacent to Frankenia setosa) 

NOT TAKEN 

     

Maireana sedifolia Site 1, stocked (S1) 

      

Maireana trichoptera Site 5, unstocked/rested paddock (R5) 
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Maireana triptera Site 5, unstocked/rested paddock (R5) 

      

Ptilotus obovatus Site 2, unstocked/rested paddock (R2) 

      

Rhagodia drummondii Site 1, unstocked/rested paddock (R1) 

      

Rhagodia drummondii Site 3, unstocked/rested paddock (R3) 
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NOT TAKEN 

   

NOT TAKEN 

 

Scaevola spinescens Site 1, stocked paddock (S1) 

      

Sida ectogama Site 4, unstocked/rested paddock (R4) 

      

Sida ectogama Site 5, unstocked/rested paddock (R5) 

Figure 4-6: Time series photographs of target plants at various monitoring sites. 
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As shown by the photographs, over the study period the majority of the plants lost 

their leaves and as a consequence of leaf loss the plants appeared less dense. 

All plants except two Frankenia setosa in the rested paddock looked to have 

decreased in size and density even though more than half of the measured plants 

grew from April 2007 to November 2007. This period was used to retrospectively 

measure the height of most target plants using ImageJ (Schneider et al., 2012). The 

density of the plant mass decreased due to leaves shrinking, curling and dropping off, 

leaving plants quite twiggy or sticky in appearance. Many of the plants visually 

appeared drier, and in some plants a colour change from green to grey was evident. 

Of the 21 plants measured during the seven months, 10 plants decreased in size; four 

in the stocked paddock and six in the rested paddock. Eleven plants grew; two in the 

stocked paddock and nine in the rested paddock. 

The greatest decrease in plant height occurred in Maireana triptera and Sida 

ectogama in the rested paddock and Scaevola spinescens in the stocked paddock. The 

two target grasses Enneapogon caerulescens and Aristida contorta in the 

rested/unstocked paddock also decreased in height. 

Of the target plants found in both paddocks the height of the Frankenia setosa found 

in the rested paddock increased but the target plant of this species in the stocked 

paddock decreased in height.  

In both paddocks, Atriplex vesicara had lost many leaves and progressively became 

greyer in colour. However, the plants in the rested paddock increased in height while 

those in the grazed paddock decreased (in height). 

All three Eremophila maculata subsp. brevifolia appeared smaller and much less 

dense. The height of two of these plants decreased shrank, one each in the stocked 

and rested paddock, while the height of one plant in the stocked paddock increased. 

Throughout the study it was obvious that both Acacia hemitiles (Site S3) and 

Maireana sedifolia (Site S1) were heavily grazed. Acacia hemitiltes was taller than it 

was wide, due to grazing; however, it remained (visually) robust with no apparent 

drying off. Branches and leaves remained rigid and not wilted, curling or dropping 

off, particularly above the metre mark, where leaves were out of grazing reach. 

Maireana sedifolia being not as tall as Acacia hemitiles had a gnarly, bare branches 

due to sporadic leaf location. The leaves appeared healthy but they did not form even 
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coverage over the shrub compared to Maireana sedifolia in the rested/unstocked 

paddock. 

Sida ectogama and Rhagodia drummondii (Rhagodia drummondii not measured, due 

to full extent of the plant not visible in photograph) were only observed in the 

unstocked/rested paddock and showed varying degrees of stress, with Sida ectogama 

being the most affected. In June 2006, Sida ectogama had green leaves; however, by 

November 2007 all that remained were dry branches, with no leaves. In contrast, 

Atriplex vesicaria, Maireana georgei and Rhagodia drummondii retained some green 

leaves throughout the study period; however, over time the leaves became smaller, 

appeared to wilt and drop off. 

 General observations of plants within close proximity of the monitoring sites 

During each site visit, general observations were made with regards to the visual 

condition of the plants within close proximity of each of the monitoring sites in both 

the unstocked and stocked paddocks. At the beginning of the study, very dry remnant 

butts of perennial grasses were observed within close proximity of Sites R2, R3 and 

R4. At each subsequent visit, no new growth of these grasses was noted. No annual 

or perennial grasses were evident within or close to the monitoring sites in the 

stocked paddock. 

Over the study period, the availability of grass species was observed (subjectively) to 

have declined as the initial green material began to “hay off”, then proceeded to 

reduce in (visual) abundance in the unstocked/rested paddock, with the exception of 

the area around Site R7. At this particular site, possibly due to the closeness of the 

edge of the lake, the perennial grasses always had a hint of green at the base of the 

plant. During each visit to site R7, all of the juvenile Eremophila longifolia in close 

proximity of the monitoring site were almost completely defoliated, with only 

kangaroo dung evident at the site. 

For all of the site visits, no ephemerals were evident in either the unstocked/rested or 

stocked paddocks. Frankenia setosa was the only plant observed flowering at 

different times over the study period in both paddocks. In the unstocked/rested 

paddock, flowering plants were observed around Site R7 and in the stocked paddock 

were observed in close proximity to Site S3. 
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For September 2007, when travelling on the access tracks in the unstocked/rested 

paddock, Maireana georgei and Ptilotus obovatus were noted to be flowering. At no 

time during the study was Ptilotus obovatus evident in any of the areas visited in the 

stocked paddock. 

Over the study period and within both the stocked and unstocked/rested paddocks, 

many plants appeared to be under stress, with their leaves drying, curling and falling 

off. By April 2007, in some areas of the stocked paddock many plants including 

Eremophila maculata subsp. brevifolia and Scaevola spinescens appeared to have 

died, particularly those in close proximity to Site S2. In contrast, Frankenia setosa 

was flowering and Exocarpus aphyllus A (Appendix 1) was seeding at this time 

(April 2007). During both the September 2007 and November 2007 site visits, 

Ptilotus obovatus in particular was very stressed, with the leaves easily crumbling to 

almost a powder. Visually, the height and width of Maireana georgei, Ptilotus 

obovatus, Solanum lasiophyllum and Sida ectogama (found in either close proximity 

to the monitoring sites or along access tracks) declined over the study period. In 

addition, for these plants foliage density appeared to decrease, there were no new 

leaves evident and their general ‘woodiness’ appeared to increase. 

As the study paddocks had a common fence, it was possible to visually show fence 

line contrast between the stocked and unstocked/rested paddock during the study 

period, as shown in Figure 4 7. The most obvious differences in vegetation on either 

side of the fence related to Maireana sedifolia. In the unstocked/rested paddock it 

was readily identified as the blue/grey shrub (on the right) with considerable foliage 

density. In contrast, in the stocked paddock this species appeared as woody leafless 

plants as a consequence of heavy defoliation (from grazing). 

 Faecal Density 

The estimated faecal density (based on faecal DM collected at the dung site) of 

kangaroos and livestock of the unstocked/rested and stocked paddocks are presented 

in Table 4-1 and Table 4-2, respectively.Within the unstocked/rested paddock, the 29 

June 2006 measure was the only time kangaroo dung was found on each of the six 

sites. Dung density was highest within ~1 km of the water point (except for 1 June 

2007) and lowest (or not present at all) at 6 km from the watering point (except for 

13 April 2007, when the lowest density [0] was 5 km from the watering point). After 
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29 June 2006 when the highest reading ws recorded, the dung density decreased by 

75% compared to the previous measure. By 1 June 2007 dung density had increased 

but then gradually declined over the next three measures. 

In the unstocked/rested paddock, grazing by feral goats was evident within 5 km of 

the water point in June 2006 and April 2007; however, from June 2007 onwards 

there was no evidence of feral goats in this paddock. When grazing by both feral 

goats and kangaroo was evident, collected dung density within 3 km of the water 

point was always higher for kangaroos. 

Within the stocked paddock, dung density from sheep was higher closer to water on 

all but one occasion, with density decreasing as distance from the water increased. 

The dung density of kangaroos in the stocked paddock was lower than that of sheep 

at the first monitoring site 1 km from the water point. However, on occasions at S2, 

S3 and S4 kangaroo dung density was more than double the sheep dung density. 

Grazing density of kangaroos was considerably lower in the stocked paddock as 

compared to the unstocked paddock. By June 2007 there was little if any evidence of 

kangaroos grazing in the stocked paddock. Sheep dung density had also declined due 

to intermittent sale of sheep due to dry times and the approaching sale of the station 

to a mining company. 
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Figure 4-7: Fence line effect (28 June 2007); stocked paddock on the left, unstocked/rested paddock on the right 
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Table 4-1: Faecal density, of kangaroos and livestock (feral goats) at varying distances from Possums Corner water point within the 

unstocked/rested paddock.  

 

Distance 

from water 

point (km) 

Faecal density (g DM/ha/d) 

29 Jun 2006 13 Apr 2007 1 Jun 2007 28 Jun 2007 27 Sep 2007 18 Nov 2007 

L K L K L K L K L K L K 

~1 15 215 6 40 0 108 0 118 0 163 0 176 

~2 11 61 5 9 0 87 0 73 0 0 0 54 

~3 24 85 6 37 0 128 0 90 0 44 0 0 

~4 20 16 5 16 0 0 0 0 0 23 0 0 

~5 32 22 0 0 0 61 0 0 0 36 0 54 

~6 0 11 0 6 0 0 0 0 0 0 0 0 
L: livestock (feral goats); K: kangaroos 
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Table 4-2: Faecal density, of kangaroos and sheep at varying distances from Possums Corner water point within the stocked paddock. 

 

Distance 

from water 

point (km) 

Faecal density (g DM/ha/d) 

29 Jun 2006* 13 Apr 2007 1 Jun 2007 28 Jun 2007 27 Sep 2007 18 Nov 2007 

S K S K S K S K S K S K 

~1 - - 55 7 484 61 299 0 303 0 434 0 

~2 - - 23 41 276 0 90 0 47 0 222 32 

~3 - - 19 7 175 108 72 0 447 0 136 0 

~4 - - 16 16 108 108 0 0 26 26 0 0 
S: sheep; K: kangaroo 

*  no measure taken on that date 
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4.4 Discussion  

 Rainfall and NDVI relationships 

For rainfall to be effective for vegetation moisture needs to be present in the soil in 

enough quantity to enable plants to germinate and grow. Due to the high 

temperatures during summer in the southern rangeland of WA, evaporation can be as 

high as 3000 mm. When evaporation is unusually high over the summer months, a 

substantial rainfall event is needed to put enough moisture back in the soil to 

facilitate plant growth (Pringle et al., 1994). While rainfall is mostly unpredictable, 

for most of the Southern Rangelands it usually falls in winter as a result of rain-

bearing depressions. Very high rainfall events can occur in summer, largely due to 

tropical cyclones, that form across north-western Australia (Burnside et al., 1995). 

However, at the study site rainfall is generally evenly spread between summer and 

winter, with summer having more rain and winter having more rain days. While 

rainfall at the study site can fall in either winter or summer, the chance of receiving 

an effective winter growth period for the area is 70%, compared with only a 14% 

probability of effective growth over the summer season (Pringle et al., 1994). 

Over the study period, NDVI was low at less than 0.2 for both the unstocked/rested 

and the stocked paddocks. NDVI remotely measures the greenness of vegetation or 

plant phytomass using near-infrared and red wavelength bands. If vegetation is 

actively photosynthesising, (when it is very green) it absorbs red light and reflects 

back near-infrared light; conversely, if the plant is dead or in the stages of dying 

more near-infrared light is absorbed, meaning less red light is reflected back to the 

satellite (Holm et al., 1987; Cridland, 1999; Holm et al., 2003). Previous studies 

have shown that temporal rainfall and NDVI are highly correlated in semi-arid and 

arid environments (Chamaille‐Jammes et al., 2006; Pennington and Collins, 2007). 

The rainfall results in this study were collected at the “Mendleyarri” weather station, 

and would thus not account for patchy rain within and between the two study sites. 

Despite this the NDVI seemed to closely follow the rainfall patterns from 

“Mendleyarri”. The one month lag between rainfall and NDVI response indicates 

that vegetation responds within weeks of a rainfall event and has approximately a 

one month lag time in response to dry times. Other studies have also reported a one 
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month lag time in NDVI response to rainfall (Liu and Kogan, 1996; Chamaille‐

Jammes et al., 2006). 

Minimum NDVI values vary annually due to the influence of evergreen cover and 

soil reflectance (McVicar and Jupp, 1998; Roderick et al., 1999). The fluctuating but 

generally low NDVI for both the unstocked and stocked paddocks over the study 

period indicated the plants were most likely functioning at minimal photosynthetic 

activity. This has possibly been provided by the shrub and tree base which has an 

NDVI range between 0.2 and 0.5 and is also indicative of senescing crops. Drought 

reduces vegetation greenness, and the ongoing dry conditions over the study period 

were reflected in the low NDVI. Conversely, areas with a canopy of greater density 

and greenness like a dense tropical forest has a range between 0.6 and 0.7 (Bureau of 

Meteorology, 2018). 

Historical data (Figure 4-3) showed NDVI for the unstocked/rested paddock were 

consistently higher than that of the stocked paddock, and this was also the case 

during the study period. NDVI may inherently vary between land systems and 

associated vegetation types. Land productivity is a function of the soil fertility and 

composition and cover of vegetation. More productive land has higher vegetation 

cover and a greater proportion of palatable plants. These areas generally have higher 

carrying capacities as they can produce more forage and sustain higher utilisation by 

grazing animals. 

The unstocked/rested paddock encompassed three major land systems, Carnegie, 

Deadman and Kirgella, while the dominant land system within the stocked paddock 

was Carnegie. The Carnegie land system had the highest carrying capacity, followed 

by Deadman and then Kirgella land systems. The land system carrying capacities 

indicate that Carnegie was the most productive land system; however, this ranking 

does not follow the same rankings for the NDVI of the two study sites. Despite the 

higher carrying capacity of Carnegie, which suggested higher productivity, the 

paddock dominated by this land system consistently had the lower NDVI. Under 

optimal environmental conditions and appropriate grazing management, a higher 

NDVI would be expected for areas consisting entirely of the Carnegie land system 

(stocked paddock) as compared to areas “diluted” by Deadman or Kirgella land 

systems (unstocked/rested paddock). The driving force in plant growth in the 
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rangelands is the availability of soil moisture (Harrington et al., 1984a), and the 

presence of a water course through parts of the unstocked/rested paddock may be a 

factor in the higher NDVI for this area. However, ongoing dry conditions combined 

with the historic and current, continuous grazing of the stocked paddock would have 

significantly impacted on the vegetation, and more likely accounts for the lower 

NDVI for this paddock (compared to the unstocked/rested paddock). To confirm the 

extent of any decline (or improvement) in rangelands vegetation, NDVI is best 

looked at with site-based or quality reference data (Burnside et al., 1995; Cridland, 

1999; Xie et al., 2008; Lawley et al., 2016). The aim of site-based or ground-based 

monitoring sites is to measure the long-term health of rangelands using repeated 

pictures and documentation of plant species present, thus providing comprehensive 

documentation/evidence of rangeland trend (Lawley et al., 2016). The method 

employed in this study does not adequately document vegetation present per site to 

permit analysis of trend through time. 

Combining NDVI and site-based methods potentially improves information for 

decision making. It is generally assumed that an increase in NDVI indicates an 

increase in the availability of green plant material (biomass increase) and thus 

presumably an increase in the availability of higher quality (in terms of nutritive 

value) plants for livestock grazing. However, the ability to accurately measure 

“greenness” in a rangeland environment can be confounded because it is a 

heterogeneous environment (Fisher, 1997). Unlike a homogenous crop or pasture in 

an agriculture district, vegetation in the rangelands can vary from annuals or 

ephemeral species, perennial grasses, shrubs of all sizes, to trees. Some of these 

plants do not change in terms of either their presence (biomass) or greenness. For 

example, some plants stay green during droughts, and others remain ungrazed 

because they are unpalatable or out of reach of the grazing animal. This non-

changing vegetation has the lowest NDVI rating as there is no change (Cridland, 

1999). A positive change in NDVI does not necessarily mean; however; an 

improvement in range condition or an increase in carrying capacity of an area. Any 

changes in the structural composition of vegetation may confound interpretation, for 

example a surge of invasive unpalatable woody plants species may increase 

minimum NDVI value (Holm et al., 2003) but not increase carrying capacity. 

Unpalatable woody perennials are sometimes classified as “increaser” plants, 
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indicating a decline in rangeland condition and associated decline in the carrying 

capacity of that area. 

Using multiple tools including rainfall data, NDVI, observation of indicator plants 

and assessment of FOO enhances management decisions for SR in the rangelands. 

Individually, there are limitations to all of these tools; rainfall may be highly 

variable, the high plant diversity within and between paddocks make FOO 

assessments unreliable in rangeland environments (Grossman et al., 1999) and while 

satellite imagery is useful for monitoring large areas of land it cannot provide the 

same level of information about changes in plants/vegetation as on-ground 

measurement. Therefore, to make informed management decisions, regular 

monitoring of indicator plants must also occur. 

 Monitoring sites 

The aim of monitoring long-term trends in rangelands is to understand and document 

changes in vegetation, including loss of desired plant or the encroachment of woody 

plants not targeted by grazers (Wilson and Tupper, 1982; Burnside et al., 1995). 

Documenting the composition and cover of plants is an integral part of assessment of 

rangeland vegetation (Godínez-Alvarez et al., 2009). However, as the system is 

heterogeneous, complex, highly variable and vast, detecting change can be difficult 

(Stafford Smith and Pickup, 1990; Lawley et al., 2016) but is essential for genuine 

management decisions (Booth and Tueller, 2003). Monitoring sites were established 

in this study to provide documented, impartial measurement of specific areas of the 

landscape, to understand changes in vegetation in response to both the environment 

and grazing. This study was an observational one, not an experimental one. 

The responses of vegetation to rainfall (or lack thereof) vary depending on the plants’ 

physiological abilities to harness water, together with ambient temperature, and 

existing surface and sub-surface moisture. Perennial species are more indicative of 

long-term changes in the rangelands, whilst annuals provide an indication of 

conditions in the short-term. 

Annual grasses are responsive to effective summer rainfall (Pringle et al., 1994; 

Wolfson and Tainton, 1999), whereas annual herbs/ephemerals are more responsive 

to effective winter rainfall (Morrissey, 1984). Due to the ongoing dry conditions, 

only one annual grass (Aristida contorta, though sometimes a short-lived perennial) 
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 and one perennial grass (Enneapogon caerulescens, can on rare occasions be annual) 

(Department of Parks and Wildlife, 1998) were chosen and no annual herbs were 

selected as target plants because of their limited or non-existence in the study area. 

Very dry remnants of perennial grasses were observed within close proximity of R2, 

R3 and R4 but no perennial (or annual) grasses were evident in the stocked paddock, 

presumably due to the previous and continuing heavy grazing by the sheep. Even 

where perennial grasses were evident in the unstocked/rested paddock, the plants 

were heavily grazed by either kangaroos or feral goats. 

Perennial plants vary in their response to rainfall events, due to the reduced reliance 

on surface moisture, although in arid areas where winter rainfall is prevalent periods 

of high activity usually occur in winter when water infiltration is more effective 

(Holechek et al., 1989; Pringle et al., 1994). As a consequence of ongoing dry 

conditions, for the various target perennial shrubs at the monitoring sites their leaves 

become very dry, curled and/or dropped from the plant as they become drier and had 

no lush new growth over the study period. For example, and as shown in Figure 4-6, 

in June 2006 Ptilotus obovatus in the unstocked/rested paddock was green with 

plenty of leaves but by June 2007 it had dried and shed many of its leaves. This plant 

is susceptible to overgrazing, being considered a decreaser (Pringle et al., 1994) and 

this could account for its absence at the monitoring sites in the stocked paddock. 

Maireana georgei is a compact shrub to 50 cm high and is a relatively short-lived 

species at 5 – 10 years (Mitchell and Wilcox, 1994; Heshmatti et al., 2002). It is a 

palatable species and within the Carnegie land system is considered a decreaser 

(Pringle et al., 1994). It was a selected target plant in both the unstocked/rested and 

stocked paddock and while it had shed a lot of leaves and had no visible new growth, 

it still had leaves and thus appeared to be relatively drought and grazing tolerant. 

Two other target plants, Maireana triptera and Scaevola spinescens, also showed a 

dramatic decline in size and the amount of leaves and appeared to be much drier over 

the study period. Maireana trichoptera which grew only marginally over the study 

period, is considered a weak or short-lived perennial bluebush, is a valuable indicator 

of areas not overgrazed, especially if in abundance (seeds prolifically) as livestock 

will readily eat it (Mitchell and Wilcox, 1994). This plant was evident only in the 

unstocked/rested paddock, and over the study period it progressively declined, 

changing from a small shrub at the start of the study period to being only small 
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debris on the surface of the ground by the end of the study period. There were no 

visible signs of livestock grazing or any of the (eye visible) tell-tale signs of insect 

damage such as rasping, droppings or weblike substances; so the decline or 

senescence is assumed to be in response to the ongoing dry conditions. Maireana 

triptera was also only evident in the unstocked/rested paddock. This plant is not 

drought tolerant, as was evident in this study. This plant is only grazed when there is 

little else on offer to stock (Pringle et al., 1994) and its absence from the stocked 

paddock may be in response to the historical overgrazing of this paddock. Maireana 

triptera is not considered a good indicator for range condition (Mitchell and Wilcox, 

1994), although Pringle et al. (1994) reported it as a possible “increaser” for 

Carnegie and a “decreaser” for Deadman land system. Further, species which, under 

grazing, may initially increase relative to “decreaser” species, but which by virtue of 

their being moderately palatable, are also removed under continued increase of 

grazing pressure. Under continued excessive grazing pressure, these species would 

possibly be replaced by species which appeared to be grazed only when there was 

little else on offer to stock. 

Atriplex vesicaria is a relatively moderate-lived perennial (up to 25 years), which 

grows rapidly in favourable conditions and germinates over the cooler months of the 

year (Williams, 1979). While not highly preferred by sheep (Mitchell and Wilcox, 

1994), this plant may be grazed during periods of low rainfall when more favourable 

perennial and ephemeral species are unavailable. The abundance, size and foliage 

cover of the A. vesicaria, found in both the stocked and unstocked/rested paddocks, 

declined over the study period; however, the magnitude of the decline was much less 

than that evident for Maireana spp. By the end of the study period, A. vesicaria was 

surviving with a few, very small leaves still evident. Leigh and Mulham (1971) 

reported that A. vesicaria shrubs die when severely defoliated, i.e., when they have 

less than 40 leaves remaining. During periods of good rainfall this plant has large and 

fleshy leaves, but the leaves readily drop during water stress. Although there was no 

comprehensive collection of data on the general presence or absence of the target 

plants around each of the monitoring sites Atriplex vesicaria was observed at 4 km 

from the water point in the stocked paddock and there was no evidence of this plant 

being grazed. As reported by Eldridge et al. (1990), distance from water significantly 

impacts on grazing of Atriplex spp, with plants being completely grazed out within 
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400 m of water, overgrazed for an area of 1200 m, and only lightly grazed at 

distances greater than 2000 m. Montague-Drake and Croft (2004) also found that the 

biomass of Atriplex spp. decreased significantly with increased proximity to 

(artificial) watering points. 

Frankenia species are able to tolerate higher levels of salinity than many other 

halophytic low shrubs and thus their abundance in the landscape may be a reflection 

of the salinity status. Frankenia setosa is less palatable than Atriplex vesicaria and 

most of the Maireana spp. and thus a relative increase in Frankenia in comparison to 

these other species would indicate excessive grazing pressure (Pringle et al., 1994). 

Based on general observations (but not specific data collection) in the stocked 

paddock there appeared to be little if any grazing of Frankenia setosa, suggesting 

that the livestock were still able to find more palatable species for grazing. 

Grazing by sheep as well as the ongoing dry conditions appeared to have impacted 

on Eremophila maculata subsp. Brevifolia. In April 2007 the target plant at Site S2 

appeared much drier and had less leaves and smaller leaves compared the target plant 

at Site R1. The height of Eremophila maculata subsp. Brevifolia changed over the 

measuring period. The plant at S2 grew (increased in height) while the plant at R1 

decreased in height. However, by November 2007 both of these target plants 

consisted predominantly of dried twigs with only a few leaves remaining, and these 

were found deep in the centre and nearer to the base of the plant. These few 

remaining leaves were beyond the reach of grazing animals. 

The shrubs in the stocked paddock, Acacia hemiteles, Maireana sedifolia and 

Exocarpos aphyllus, were all heavily grazed but the plants had strong branches with 

many leaves, particularly above grazing height of the sheep and did not appear dry or 

twiggy. 

The usefulness of monitoring sites in assessing range condition can be enhanced by 

the use of NDVI (Lawley et al., 2016). The site-based, time-series pictures taken at 

each site showed the ongoing decline in the health of most of the target plants in 

response to the ongoing dry conditions, and this was mirrored in the NDVI data. For 

both 2006 and 2007, winter rainfall was below average. Summer rainfall needs to be 

significant to have an impact on soil moisture to generate plant growth in the warmer 

months (Pringle et al., 1994; Burnside et al., 1995). Without new germinations or 

plant growth, it is likely that the detected “greenness” was predominantly mature 
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trees and/or unpalatable plants (Cridland, 1999; Archer, 2004) rather than active 

growth of palatable grasses and shrubs.  

Extended dry conditions and drought are of common occurrence in the rangelands, 

and to maintain land productivity and biodiversity, managers need to make informed 

decisions based on knowledge of the effects of drought on plants (and animals). The 

impact of dry conditions and drought on vegetation and subsequently NDVI, varies 

depending on plant type, as well as land systems, soil types and differing land cover 

types (Vicente-Serrano, 2007). In this study both ongoing dry conditions and 

grazing, and potentially land system, may have all affected vegetation and this 

impacted the NDVI. 

 Grazing density 

Overgrazing reduces plant health and productivity directly through reducing biomass 

through grazing and indirectly through soil health (Fuls, 1992; Kellner and Bosch, 

1992; Eldridge et al., 2017) and spatial interpretation of changes in the vegetation 

can be assisted by locating monitoring sites at particular distances from water points 

(Ludwig et al., 2000). 

Fensham and Fairfax (2008) compiled empirical data to identify threshold distances 

from water where 95% of a population of grazing animals occur. Outside that 

threshold, plants are not as heavily grazed, allowing for some regeneration, 

particularly during actively growing periods. They suggested that for sheep the 

threshold was 3 km, and for red kangaroos it was 7 km. Given that three of the four 

monitoring sites within the unstocked/rested paddock were 3 km or less from the 

water point, it was expected that there would be no obvious differences in grazing 

density (of the sheep) with this paddock. Six of the seven monitoring sites in the 

unstocked paddock were 6 km or less from the water point so it was unexpected that 

kangaroo densities would not vary within this distance. Montague-Drake and Croft 

(2004), in their study of the density of kangaroos within 5 km of watering points in 

Sturt National Park in New South Wales (NSW) found kangaroo densities were not 

significantly related to water proximity, and furthermore, they found there was no 

shift in kangaroo distributions to water-proximate areas in warmer seasons. In 

contrast in this study kangaroo density in the unstocked/rested paddock, was 

generally highest within ~1 km and lowest at 6 km from the watering point. This 
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indicates that during continuing dry times the location of water points does impact on 

the grazing behaviour of kangaroos.  

Up until April 2007, grazing by feral goats was evident within 5 km of the water 

point in the unstocked/rested paddock; however, from June 2007 onwards there was 

no evidence of feral goats. This loss of goats from the monitoring sites may have 

been in response to decline in FOO as a consequence of the ongoing dry conditions 

(as they are very mobile they may have moved on) and/or predation by wild dogs. 

When grazing by both feral goats and kangaroos was evident, grazing density within 

3 km of the water point was almost always higher for kangaroos. In contrast, 

Landsberg and Stol (1996) found densities of kangaroos were usually much lower 

than feral goats. The differences in this study may have been a reflection of 

differences in population sizes. 

Within the stocked paddock, there were no consistent patterns in grazing density by 

sheep, which may be expected given the relatively small size of the paddock (with 

the furthest monitoring site 4 km from the watering point). Grazing density of 

kangaroos was considerably lower in the stocked paddock as compared to the 

unstocked/rested paddock. This was likely due to greater FOO in the 

unstocked/rested paddock. In the stocked paddock, sheep grazing densities were 

higher than that of kangaroos. Landsberg and Stol (1996) also reported that densities 

of kangaroos were usually much lower than sheep. Kangaroos favour paddocks being 

rested from livestock (Andrew and Lange, 1986; Wilson, 1991b; Edwards et al., 

1996), as was evident in this study. Norbury and Norbury (1993) demonstrated that 

kangaroos preferentially graze destocked areas. By June 2007 there was little if any 

evidence of kangaroos grazing in the stocked paddock, likely a reflection of the 

heavy utilisation of the paddock by the resident sheep and the decline in FOO as a 

consequence of the ongoing dry conditions. 
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5.1 Introduction 

Pastoral properties rely on the production of stock grazing the native vegetation in 

the rangelands. Economic success in the long term relies on the manager not 

degrading the vegetation base that supports production, but there are no simple and 

practical methods for identifying what plants are being grazed by domestic, feral or 

native animals in the rangelands environment. Total grazing pressure is the 

cumulative effect of all grazing herbivores on an area of land. Grazing animals may 

include domestic livestock (sheep, cattle), macropods (kangaroos) and feral animals 

(goats, rabbits, horses, donkeys, camels, etc.). If numbers (or density) by species are 

known, then total grazing pressure can be expressed in standardised units (e.g. 

DSE/km2). 

Kangaroo numbers have been found to be as high as 4-5 kangaroos/km2 in the open 

shrub land of WA (Norbury et al., 1993) whilst sheep densities in the North-eastern 

Goldfields of WA are in the range of 2-13 DSE/km2 (Pringle et al., 1994). 

Pastoralists consider kangaroos as competitors of sheep, although disagreement 

exists within the scientific community with regards to the level of competition for 

feed between sheep and kangaroos. Determining the diet of kangaroos (and other 

macropods) has relied predominantly on field observation (Short, 1986), examination 

of stomach contents (Taylor, 1983; Dawson and Ellis, 1996; Sprent and McArthur, 

2002) or epidermal tissue trace analyses of faecal material (Wann and Bell, 1997). 

However, these techniques are laborious (Sierra et al., 2005) and impractical given 

the complexity and species diversity of the grazing lands within the Australian 

rangelands. 

Another potential ‘marker’ for determining diet composition of animals grazing in 

the rangelands is saturated hydrocarbons or n-alkanes, which are found in the 

cuticular wax of plants(Dove and Moore, 1995). Determining diet composition from 

plant alkanes works best in a temperate, sown pasture containing a low number of 

different plant species. When the pasture is species rich there is a chance that many 

plants will have a similar n-alkane concentration pattern therefore making it difficult 
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to distinguish the different plants in faecal samples (Smith et al., 2001; Lee and 

MacGregor, 2004). Furthermore validations of the n-alkane method has mainly been 

confined to grasses or grass/legume associations (Valiente et al., 2003) and in the 

rangelands browse constitutes a large proportion of the feed available to the grazing 

animal. In addition, the use of n-alkanes as a marker is not cost-effective and the 

methodology is not yet optimised for heterogenous pastures (Lee and MacGregor, 

2004). 

Diet composition can be determined by invasive methods (Coates et al., 1987; 

Wilson and Bertram, 1987; Mohammad et al., 1995) but faecal analysis has been 

shown to be a promising non-invasive alternative (Garnick et al., 2018; Scasta et al., 

2019). The need for a greater level of discrimination has seen the recent increase in 

adoption of DNA-based technology, particularly polymerase chain reaction (PCR) 

amplification. PCR amplifies a target section of DNA to then be analysed (Bartlett 

and Stirling, 2003). The sensitivity and specificity afforded by PCR is particularly 

useful under conditions where the target is present at low copy number and in a 

potentially non-permissive matrix (Saiki et al., 1985; Zhao et al., 2002). Faecal DNA 

amplification has been used for the evaluation of diets in sea lions (Deagle et al., 

2005) and marine vertebrate predators (Jarman et al., 2002) and more recently large 

herbivores (Kartzinel et al., 2015). 

In this study, faecal DNA was used as a means of determining the extent of dietary 

overlap (of target plants) of Damara sheep, and feral goats, with the results being 

compared with those of kangaroos grazing on the same study sites. 

5.2 Materials and Methods 

Details regarding the collection of plant and faecal samples for DNA profiling are 

described in Chapter 3.3 and Chapter 4.2.1, respectively. No sheep faeces were 

collected during the June 2006 visit, and no goat faeces were evident at any of the 

collection sites for September 2007 and November 2007. Any non-kangaroo faeces 

collected from the unstocked/rested paddock were identified as feral goats while 

those collected from the stocked paddock were identified as sheep. All faecal 

samples collected had an intact surface and some patina meaning samples were not 

degraded (which may have impacted on DNA analyses) (Ho et al., 2010). 
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 DNA profiles  

DNA profiling of the target plants and faecal samples was undertaken at the 

ChemCentre WA, according to the method of (Ho et al., 2010). 

The first requirement was the establishment of a DNA reference data bank for the 

selected plant species. DNA was isolated from the plants’ chloroplast and subjected 

to PCR amplification (as described below). DNA sequencing was then performed on 

the respective amplified products and the resultant sequence data enabled design of 

specific primers of the reference plants. Using the same procedures, DNA was 

isolated from the faecal samples and PCR amplified using the same primer pairs as 

used for the reference plant material. 

 Isolation of DNA 

For the reference plants, dried leaves were placed in a plastic bag and manually 

ground into smaller fragments using a bottle as a rolling pin. Then, three 25 mg 

samples were taken for DNA isolation using the QIAGEN DNeasy Plant kit. A new 

bag was used for each reference plant. All genomic DNA were eluted to a final 

volume of 100 µL AE Buffer (QIAGEN) and stored at -20oC. 

The dried faecal samples were independently milled, sieved through a 0.5 mm in a 

Retsch Model SK-100 (1100 Watt) milling system. Each sample was decanted into a 

plastic sample bottle, labelled and stored at room temperature until subsequently 

used for DNA analysis. To further minimise the risk of cross-over contamination, the 

entire milling system was thoroughly cleaned in-between samples using compressed 

air and then wiped down with tissues. Milling was effective at homogenising dried 

sheep faeces, which is essentially a matrix of varying digested and textured plant 

material. It also minimised the risk of misrepresentation from non-homogenous 

sampling. 

Genomic DNA was isolated from milled faecal samples using the QIAGEN DNeasy 

Plant kit (QIAGEN), with modifications. For each sample, three 25 mg sub-samples 

were combined to which 1.2 mL of Lysis buffer (Buffer AP1) and 12 µL RNase A 

stock solution (100 mg/mL) were added. The mixture was incubated for 10 min at 

65oC after which 390 µL of Buffer AP2 was added, mixed and the lysate placed on 

ice for 5 min. The lysate was centrifuged for 5 min at 20,000 * g and 560 µL from 
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the supernatant was used for DNA isolation according to the manufacturer’s 

instructions, without alteration. 

 PCR amplification 

DNA was screened for suitability for PCR by amplifying each isolate over a 2-fold 

serial dilution range. The best performing titres were those which produced a single 

and most intensely-stained DNA band and these were used for subsequent studies. 

PCR amplifications were performed on 5.0 µL of DNA isolate in a final reaction 

volume of 20 µL containing 10 mM Tris-HCl, 1.5 mM MgCl2, 50 mM KCl (pH 8.3), 

0.25 µM Primers, 250 µM dNTPs and 0.75 Units of Kapa Taq DNA polymerase 

(Kapa Biosystems). The primer pair used were CH 37/39 (trnL and rpl2m1) and 

CH53/55 Primer pairs used (Table 5-1). DNA was denatured at 94oC for 2 min, 

followed by 7 cycles of 94oC for 15 s (denaturation) and 72oC for 1 min (extension), 

in which the annealing temperature was touch-downed in 1 degree decrements, from 

65oC to 58oC. This was followed by 28 – 30 cycles of amplification in which the 

annealing temperature was held at 58oC and before a final extension of 72oC for 10 

min. The presence of PCR-amplified products were confirmed by UV 

transillumination following horizontal gel electrophoresis (Figure 5-1) on 2% 

agarose (Bio.Rad) and then accurately sized using the Agilent 2100 bioanalyzer 

(Agilent Technologies) according to the manufacturer’s instructions. 

Table 5-1: Primer pairs used 

 
Primer Sequence 5’ – 3’ (priming region) Reference 

CH 37 F TGA ATG GTT AAA GCG CCC AAC T (trnL) Heinze (2007) 

CH 39 R TTC TAT GGT TAC GAT TCT ACC ATA TAT 

GTC (rpl2m1) 

Heinze (2007) 

CH 53 F CGA AAT CGG TAG ACG CTA CG (trnL exon 1) Taberlet et al. 

(1991) 

CH 55 R GGG GAT AGA GGG ACT TGA AC (trnL exon 2) Taberlet et al. 

(1991) 

F, forward primer; R, reverse primer. 
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Figure 5-1: Horizontal gel electrophoresis for identification of some of the target 

plants by PCR Amplification 

 

 Restriction enzyme analysis 

Up to 10 µL of amplified DNA (250-500 ng) was digested with restriction enzyme 

(Roche Diagnostics) in a final volume of 18 µL for 4 h at 37oC. A panel of 24 

different restriction enzymes were used to generate restriction profiles from which 

DNA fingerprints were identified that were diagnostic for each plant species, as 

presented in Table 5-2. 
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Table 5-2: Restriction enzyme site profile of CH 53/55 amplified DNA of representative plant species from the southern rangelands of Western 

Australia 
Restriction 
enzyme 

Acacia 
hemiteles 

Rhagodia 
drummondii 

Ptilotus 
obovatus 

Solanum 
lasiophyllum 

Eremophila 
forrestii 

Maireana 
georgei 

Maireana 
pyramidata 

Atriplex 
vesicaria 

Enneapogon 
caerulescens 

Alu 1 + + + +  + + + + 

Asp 1 + + + +  + + + + 

Bam H1          

Ban II          

Bgl 1          

Cfo 1          

Cla 1  +    + +   

Dde 1 + + + + + + + + + 

Dra 1    + + + +  + 

Eco R1  + +  +   +  

Hae III     +    + 

Hind III     +     

Hinf 1 + + + +  + + + + 

Hpa II    + +   + + 

Mva 1 +  + + + + + +  

Nde II +  + + + + + +  

Nsi 1 +         

Pst 1          

Rsa 1     +     

Sal 1  + + + + + + + + 

Sau 3A1 + + + +  + + +  

Ssp 1  + + +  + +  + 

Taq 1  + + +  + + + + 

Xba 1  +        

 



78 

The presence of restriction fragments was confirmed by UV transillumination 

following horizontal gel electrophoresis on 4% agarose MS (Roche Diagnostics) and 

the fragments were accurately sized using the Agilent 2100 bioanalyzer (Agilent 

Technologies) according to the manufacturer’s protocol. 

An array of DNA fragment length polymorphisms were generated by digestion with 

a panel of 24 restriction endonucleases enabling the selection of DNA fingerprints 

which were diagnostic for each plant species. In addition to the plant species 

collected from the study site. Solanum lasiophyllum (flannel bush) and Enchylaena 

tomentosa (Ruby saltbush) were also included in the data set, having been collected 

as part of a similar study undertaken near Yalgoo (28º18’S 116º38’E) in WA (Daly, 

2009). 

5.3 Results 

DNA fragments of varying sizes were obtained when the trnL intron was amplified 

in DNA isolates from a range of browse and grass species. The results of PCR 

amplification are summarised in Table 5-3. The limit of resolution appeared to be in 

the order of 5 bp as exemplified in Atriplex vesicaria. It can be seen that the CH 

53/55 primer pair was able to size-differentiate all of the species except for Maireana 

georgei which migrated at 660 bp. Amplification with the CH 37/39 primer pair 

produced monospecific amplicons. The largest recorded amplified product was 

Acacia hemiteles (1360 bp). Eremophila maculata could not be differentiated with 

CH 37/39 which each presented a 802-bp PCR product and Maireana sedifolia and 

which presented a 781-bp product. For these reasons, the CH 37/39 primer pair was 

not considered further. Overall, (plant) species prediction on the basis of PCR length 

heterogeneity alone was more successful with CH 53/55 than with the CH 37/39 

primer pair.  
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Table 5-3: Rangeland plant species referenced in this study and their PCR 

amplification using primer pairs to the chloroplast genome 
 

Scientific name Common name CH53/55 (bp) CH 37/39 (bp) 

Grasses:    

Aristida contorta Wind grass 616 800 

Enneapogon caerulescens Limestone grass 635 804 

Browse:    

Acacia hemiteles Benth Tan wattle 637 1360 

Atriplex vesicaria Benth Bladder saltbush 492 772 

Eremophila maculata subsp. brevifolia Emu bush 570 802 

Frankenia setosa Frankenia 530 789 

Maireana georgei George’s bluebush 660 778 

Maireana sedifolia  Pearl bluebush 647 781 

Ptilotus obovartus Cotton bush 725 773 

Scaevola spinescens Current bush 554 760 

 

DNA isolates from the sheep and goat faeces were not degraded while those from 

kangaroo faeces were extensively degraded. Nevertheless, the presence of high 

molecular weight fragments inferred their suitability for PCR amplification. Of the 

63 faecal samples subjected to DNA analysis, seven were PCR negative. Five of the 

amplified ‘bands’ from the faecal samples did not conclusively match any of the 

reference plant species. 

Detectable differences in the molecular weights (expressed in bp) of Enneapogon 

caerulescens and Rhagodia drummondii were possible with the plant samples. 

However, in the faecal samples, when compared against the reference plants’ DNA 

molecular weight ladder, it was not possible to clearly differentiate between them in 

the faecal samples. The same occurred with Maireana georgei and Maireana 

pyramidata  
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As shown in Table 5-4, of the selected plants (for which DNA profiles had been 

developed) five were detected in sheep faeces (Acacia hermiteles, Aristida contorta, 

Atriplex vesicaria, Austrostipa elegantissima and Frankenia setosa) and six were 

detected in goat faeces (Aristida contorta, Atriplex vesicaria, Austrostipa 

elegantissima, Eremophila maculata subsp. brevifolia, Scaevola spinescens and 

Solanum lasiophyllum) over the study period. Of the selected plants only Mairaena 

sedifolia, and either Enneapogon caerulescens or Rhagodia drummondii were not 

consumed by kangaroos at some stage over the study period. Thus, the grasses 

Aristida contorta, Austrostipa elegantissima, and the low shrub Atriplex vesicaria 

were common to the diet of sheep, feral goats and kangaroos. In addition, Acacia 

hermiteles and Frankenia setosa were common to the diet of sheep and kangaroos 

while Eremophila maculata subsp. brevifolia, Scaevola spinescens and Solanum 

lasiophyllum were common to the diet of feral goats and kangaroos. 

Sheep and kangaroos consistently consumed grass, especially Aristida contorta, over 

the study period. Kangaroos ate a greater variety of shrubs and consumed shrubs on 

more sampling occasions than sheep. The variety of shrubs consumed by kangaroos 

declined as the study progressed, with only Acacia hermiteles detected by the end of 

the study period (November 2007). 
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Table 5-4: Plant species identified in the faeces of sheep, (feral) goats and kangaroos. 

DNA target plant species Jun 2006 Apr 2007 Jun 2007 Sep 2007 Nov 2007 

S* G K S G K S G K S G K S G K 

Acacia hemiteles   Yes   Yes Yes   Yes  Yes   Yes 

Aristida contorta  Yes Yes Yes Yes Yes Yes  Yes Yes  Yes Yes  Yes 

Atriplex vesicaria  Yes Yes Yes  Yes    Yes      

Austrostipa elegantissima  Yes Yes Yes     Yes   Yes    

Enneapogon caerulescens   ??   ??   ??       

Eremophila maculata subsp. brevifolia   Yes   Yes  Yes Yes   Yes    

Frankenia setosa   Yes   Yes Yes  Yes       

Maireana georgei   ?    ?         

Maireana pyramidata   ?    ?         

Maireana sedifolia                

Ptilotus obovatus   Yes             

Rhagodia drummondii   ??   ??   ??       

Scaevola spinescens   Yes  Yes    Yes       

Solanum lasiophyllum  Yes Yes  Yes Yes  Yes Yes   Yes    

Unmatched plant profile(s)   1  1 2 2 3 4   1    

S: sheep; G: feral goats; K: kangaroos; ?: unable to differentiate between Maireana georgei and Maireana pyramidata; ??: unable to differentiate between Enneapogon 

caerulescens Rhagodia drummondii; *no measure taken for sheep on this date 
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5.4 Discussion 

In this study, some of the faecal samples were PCR negative and some contained an 

amplified ‘plant’ band that could not be confidently identified. When DNA is of poor 

quality or degraded and in low quantity, it can produce erroneous results (Nsubuga et 

al., 2004; Soininen et al., 2009; Scasta et al., 2019). Compared with plant material, 

the conditions for PCR amplification on faecal DNA are more technically demanding 

given the propensity for non-specific amplification. Specific sequences on the 

chloroplast genome could be PCR-amplified from a faecal DNA matrix, but at lower 

efficiency compared to a plant DNA matrix. 

Faecal DNA has previously been used to determine diet composition in sea lions 

(Deagle et al., 2005) and brown bears (Murphy et al., 2003). The diets of these 

animals are likely to be less complex than those of sheep, feral goats and kangaroos. 

Valentini et al (2009) state it can be difficult to amplify fragments as fDNA is often 

degraded. Some plant matter is digested differently and plant tissues contain diverse 

densities which can impact the interpretation of quantities of individual plants in the 

composition of food eaten (Deagle et al., 2010; Clare, 2014; Kartzinel et al., 

2015).The more sources of DNA in any sample the greater the difficulty in isolating 

individual sources of DNA  (Jarman et al., 2002). Previous studies that have 

identified diet composition of plant remains (within faeces) were only able to 

establish the plant family or genus rather than the species (Höss et al., 1992; Poinar 

et al., 1998). Factors residing in the herbivore faecal matrix, for example tannins and 

other analytes, could fortuitously co-purify with DNA and inhibit PCR amplification. 

Without working knowledge of plant species expected in the diet, interpretation of 

fDNA results could lead to incorrect estimates of species level dietary compositions 

(Scasta et al., 2019) 

Whilst kangaroos preferentially graze grasses (Taylor, 1983; Short, 1986; Dawson 

and Ellis, 1996) they also consume a variety of shrubs (Short, 1986; Wann and Bell, 

1997), as was shown in this study. Of particular importance is that the plants selected 

for this study were those considered palatable to sheep, indicating there could be 

direct competition between sheep and kangaroos for these particular forage species if 

they spatially co-grazed. The plants common to the diets of both sheep and 

kangaroos in this study were the grasses Aristida contorta, Austrostipa 
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elegantissima, and the low shrub Acacia hermiteles, Atriplex vesicaria, and 

Frankenia setosa. It is noteworthy that while Acacia hermiteles was not (visually) 

observed to be prevalent it had highest count for kangaroos. In a study conducted in 

the rangelands of NSW, Short (1985) found that that Maireana sedifolia and 

Maireana pyramidata were hardly eaten even when food was scarce, which was 

similar to the findings of this study. However, it is possible that the kangaroos were 

eating these species but could not be detected because of the extensive degradation of 

the collected faecal samples This was not surprising as in the unstocked/rested 

paddock Maireana sedifolia was not heavily defoliated. However, in the stocked 

paddock it was unexpected that Maireana sedifolia was not detected in the sheep 

faeces. 

Wilson (1991a), in a study on the utilisation of forage species by sheep and western 

grey kangaroos in mulga (Acacia aneura) woodland in western NSW, found overall 

diets of sheep and kangaroos were similar. Barker (1987) also found many different 

plant species were common to the diet of red and western grey kangaroos and sheep. 

This was confirmed in this study where five of the 14 targeted species were common 

to the diets of sheep and kangaroos. There was a greater level of overlap between 

feral goats and kangaroos, with six of the target species the grasses Aristida contorta, 

(Austrostipa elegantissima opportunistic collection), and the shrubs Atriplex 

vesicaria, Eremophila maculata subsp. brevifolia, Scaevola spinescens and Solanum 

lasiophyllum common to both. However, competition between sheep, feral goats and 

kangaroos may vary, depending on the species of kangaroos. Dawson and Ellis 

(1996) studied the diets of euros (Macropus robustus), domestic sheep and feral 

goats in hilly, shrub rangeland in southern Australia and concluded that there was 

only limited competition between the herbivores and in drought, euros had only 

modest dietary overlap with sheep and goats. This was not the case in this study, with 

considerable dietary overlap (of the target plants) between sheep and kangaroos, and 

feral goats and kangaroos during the ongoing dry conditions. 

Seasonal differences in diet selection existed. This was best reflected in the diet 

composition (of the target species) of the kangaroos. A greater number of the target 

plants (greater diversity of the diet) occurred in autumn and winter (seven or more of 

the target species in the diet), which also coincided with (limited) rainfall. During 

spring and early summer the number of the target shrubs and sub-shrubs in the diet 
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declined, and leading into summer (late November) only three of the target species 

(one grass and two shrubs) were being consumed by kangaroos, although it was not 

possible to ascertain the proportion of the total diet that each species represented. 

Dawson and Ellis (1996) found that as conditions became dry there was a noticeable 

intake of chenopod shrubs. When chenopod shrubs were eaten in significant amounts 

by euros, Atriplex vesicaria was the main species and when round-leaved chenopods 

entered diets during dry periods Maireana sedifolia was prominent in the diet. In the 

current study Maireana sedifolia was either not consumed or was consumed but not 

detected in kangaroo dung. One possible explanation for this may be that in this land 

system there were enough other chenopods and grasses present that Maireana 

sedifolia was not eaten. Or a limitation of identifying Maireana sedifolia due to 

errors such as amplification and extraction efficiency, tissue cell density and DNA 

survival (Pompanon et al., 2012). Maireana sedifolia leaves are succulent so may 

become too degraded for absolute identification. In addition, animals that graze often 

have a wider range of species which contain secondary compounds that can 

confound analyses (Garnick et al., 2018). 
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6.1 Introduction 

Little is known about the nutritional content of the plants of the southern rangelands 

of WA and knowledge of palatability and nutritional value is limited to research by 

Mitchell and Wilcox (1994) and Daly (2009), respectively, as well as anecdotal 

observations of livestock grazing. Native plants are the primary feed source for 

rangeland livestock. Therefore, information about the nutritive value of these plants 

is important for estimating potential animal performance when livestock are grazing 

on these plants. 

6.2 Materials and Methods 

The selection, sampling and assessment of the nutritive value of the selected plants 

was as previously described in Chapter 3, Sections 3.3 and 3.6. The lack of 

multiple/replicate samples for some plant species meant it was not possible to 

conduct statistical analysis of results. 

 Dry matter content 

Plant and faecal samples were weighed in the field, put into labelled paper bags and 

stored in a rigid box for transport to the laboratory. The samples were dried at 65°C 

in a forced-air oven (Memmert) until a constant weight was reached. The samples 

were then ground through a 2 mm screen and stored at -18°C. Prior to chemical 

analyses, the samples of known weight (about 2.0 g) were re-dried in porcelain 

crucibles at 70oC until constant weight to determine laboratory DM content (AOAC 

International, 2005). 
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 Ash 

Ash contents of feed and faeces were determined by ignition of a known weight 

(about 2.0 g) of dried and ground plant and faecal samples in a porcelain crucible in a 

furnace at 480°C for 6 h (AOAC International, 2005).  

 Crude protein 

Crude protein (CP) content was determined for plant and faecal samples. The 

nitrogen (N) content was determined by the 4-channel Auto-analyzer system, using 

modifications of the Technicon procedure (Issac and Johnson, 1976). After digestion 

with sulphuric acid and hydrogen peroxide, N content was determined 

colorimetrically by indophenol blue. The resulting N content was multiplied by 6.25 

to give the CP content, expressed as a percentage of the DM. 

 Neutral detergent fibre  

Neutral detergent fibre (NDF) measures the combined cellulose, hemi-cellulose and 

lignin content and was determined for plant and faecal samples. For each sample, 

approximately 1 g (known weight) of ground material was weighed into a conical 

flask and 100 mL of neutral-detergent solution added. Samples were heated to 

boiling then simmered on a hot plate for 1 h before filtering on coarse, sintered glass 

crucibles (which had been previously weighed). Samples were washed with boiling 

demineralised water until there was no foam. The crucibles were then dried for 12 h 

at 105°C and re-weighed (AOAC International, 2005). 

 Acid detergent fibre and lignin 

Acid detergent fibre (ADF) measures the combined cellulose and lignin content and 

was determined for plant and faecal samples. For each sample, approximately 1.0 g 

(known weight) of ground material was weighed into a conical flask to which 100 

mL of CTAB/sulphuric acid solution was added. The samples were heated to boiling, 

simmered on a hot plate for 1 h and then filtered on coarse, sintered glass crucibles 

(which had previously been weighed). The samples were washed with boiling, de-

mineralised water until there was no foam. The crucibles were then dried for 12 h at 

105° before being re-weighed. 
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To determine acid detergent lignin (ADL) content, crucibles containing the ADF 

residue were placed in 50 mL beakers and filled with sulphuric acid, and stirred with 

a glass rod hourly to break up the fibre. After 3 h the crucibles were filtered and 

washed with hot water until all the acid was removed. The crucibles were then dried 

at 100°C for 12 h and weighed (AOAC International, 2005). 

 In vitro organic matter digestibility and metabolisable energy content 

The organic matter digestibility (OMD) and metabolisable energy (ME) of the plant 

samples were determined using the in vitro gas fermentation technique (Menke et al., 

1979; Makkar, 2004). 

Approximately 200 mg (known weight) of the ground samples (0.5 mm sieve) were 

transferred into 100 mL calibrated, gas-tight glass syringes with a length of silicon 

tubing and clip attached (Figure 6-1). These were prepared the day before and 

maintained at 39°C in a forced-air oven until ready for incubation. Samples were 

incubated in triplicate. Duplicate syringes prepared as blanks (ruminal fluid and 

buffer mixture only) and standards (hay standard provided by Hohenheim University, 

Germany) were also incubated. The Hohenheim hay standard used produces 49.61 

mL of gas over 24 h. 

Three, rumen-fistulated, Merino wethers were used as ruminal fluid donors. The 

sheep were individually housed in raised, timber slatted pens, 2.5 m2 in size and each 

fitted with feed and water troughs. The sheep were fed a maintenance, roughage-

based diet, consisting of 70% steam-cut oaten chaff, 17% lucerne hay chaff and 13% 

lupins, for 10 d prior to (i.e. adaptation period) and during the period of ruminal fluid 

collection. The sheep had ad libitum access to clean, fresh water. 

One hour before the morning feed, ruminal fluid was collected from each of the 

donor animals and transferred into a pre-warmed (39°C), thermos flask that has been 

flushed with carbon dioxide (CO2). The ruminal fluid was obtained by suction using 

a probe consisting of a metal frame (5 cm * 1 cm * 1 cm) covered with a double 

layer of nylon stocking material. The probe was attached to a curved stainless steel 

metal tube (about 25 cm long) and placed in a caudal position in the ventral sac of 

the rumen and held in this position by its tight fit through the rubber stopper in the 

cannula. 
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Figure 6-1: Gas-tight, glass syringe(s) used for the gas fermentation procedure 

(courtesy F. Daly). 

 

Prior to the collection of the ruminal fluid, the required reagents were prepared 

(Table 6-1). Bicarbonate buffer solution, macro and micro-mineral solutions, 

resazurine and distilled water were mixed (in that order) in a 3 L wolffe flask, which 

was suspended in a water bath at 39°C and continuously flushed with CO2. After 5 

min, 40 mL of reducing solution consisting of sodium sulphide and sodium 

hydroxide was added. Once the mixture was reduced 440 mL of ruminal fluid was 

added. The mixture was then stirred and flushed with CO2 for a further 10 min. Forty 

mL of the ruminal fluid mixture was then dispensed into the glass syringes. Gas 

bubbles were removed and the plastic clips on the silicon tubing were closed. The 

position of the piston was recorded and the syringes were then suspended in a water-

bath (Figure 6-2) for incubation. 
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Table 6-1: Preparation of in vitro rumen fermentation buffer solution. 

 

Reagent  Volume 

(Tefera 

et al., 

2008) 

Bicarbonate buffer solution: 

Dissolve 35 g sodium bicarbonate (Na2HCO3) and 4 g ammonium carbonate 

(NH4HCO3) in about 500 mL distilled water. Make up to 1 L volume (in 

volumetric flask) with distilled water. 

 420.00 

Macro mineral solution: 

Dissolve 6.2 g potassium dihydrogen phosphate (KH2PO4), 5.7 g disodium 

hydrogen phosphate (Na2HPO4), and 0.6 g of magnesium sulphate 

(MgSO4.7H2O) in about 500 mL of distilled water. Make to volume (1 L) 

with distilled water. 

 210.00 

Micro mineral solution: 

Dissolve 10 g manganese chloride (MnCl2.4H2O), 13.2 g calcium chloride 

(CaCl2.2H2O), 1g cobalt chloride (CoCl2.6H2O), 8 g ferric chloride 

(FeCl3.6H2O) in about 50 mL of distilled water. Make to volume (100 mL) 

with distilled water. 

 0.10 

Resazurine (store in refrigerator): 

Dissolved 0.1 g resazurine in 100 mL distilled water. 

 1.07 

Reducing solution (i.e. freshly prepared): 

Dissolve 996 mg sodium sulphide (Na2S.9H2O) in 94 mL distilled water and 

then add 6 mL of 1N sodium hydroxide (NaOH) solution.  

 40.00 

Distilled water  630.00 

Ruminal fluid (i.e. filtered, homogenised)  440.00 

The volume is adequate to fill 40 syringes plus 10% extra. 

The suspended syringes were gently turned upside down three times to blend the 

mixture every 1 h until 12 h, then left untouched for 24 h. Measurements of gas 

production were taken at 0, 2, 4, 6, 8, 10, 12 and 24 h. All samples were incubated in 

triplicate (three separate occasions). 
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Figure 6-2: Incubation of gas syringes in the water bath (courtesy F. Daly). 

 Calculations 

The net gas (Gn) produced by the fermentation of the plant sample was calculated 

from gas produced after 24 h, taking into consideration the gas produced by the hay 

standard and that of the blank. The variation due to ruminal fluid was corrected by 

using the volume of gas produced by the hay standard. 

The mean gas production of the blank tests (Gb0) was subtracted from the gas 

production of samples and standards measured with the same batch of ruminal fluid. 

This net gas production was then corrected for differences in sample weight, when 

different from 200 mg DM. 

Gas production (Gn) is defined as the total increase in volume (V24 – V0) minus the 

blank (Gb0), multiplied by the sample weight correction factor (200/W) and by the 

mean standard correction factor (Grossman et al., 1999). It was thus calculated as: 

Gn (mL/200 mg DM, 24 h) = [(V24 – V0 – Gb0) * 200 * FH]/W 

where: 

V0 = position of the piston at the beginning of the incubation 

V24 = position of the piston after 24 h of incubation 
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Gb0 = mean gas production after 24 h incubation of ruminal fluid and medium 

mixture without substrate (blank) 

FH = 49.61 / (GbH – Gb0); roughage correction factor with Hohenheim hay standard 

(GbH) 

W = weight of the test sample (mg DM ) 

In vitro OMD and ME of the plant samples were predicted from net gas 

production of the samples, together with CP and ash contents of the respective plants 

(Menke et al., 1979). 

OMD (%) and ME (MJ/kg DM) were calculated, according to (Makkar, 2004), 

as follows: 

OMD (%) = 14.88 + 0.889 Gn + 0.45 CP + 0.0651 XA 

ME (MJ/kg DM) = 2.20 + 0.136 Gn + 0.57 CP 

where: 

Gn = Net gas production by 200 mg of the sample (Tefera et al., 2008) 

CP = Crude protein content of the sample (%) 

XA = Ash content of the sample (%) 

6.3 Results 

The average and range of nutritive value of the target plants collected from the 

stocked and/or unstocked/rested paddocks is presented in Table 6-2. Not all species 

were present during each site visit, accounting for the variable number of samples (n) 

included in the nutritive value assessment. 
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Table 6-2: Average (and range) of nutritive values (DM basis) of plants collected from the southern rangelands of WA. 

 Stocked 
DM 

(%) 

In vitro 

OMD 

(%) 

Ash 

(%) 

ME 

(MJ/kg) 

CP 

(%) 

NDF 

(%) 

ADF 

(%) 

Lignin 

(%) 
n 

Grasses:  

Aristida contorta No 84.4 38.2 11.0 6.8 2.3 66.1 39.7 6.3 5 

 (77.3-92.7) (25.3-43.4) (8.8-13.6) (4.8-7.7) (1.9-2.7) (61.8-68.6) (37.6-41.9) (5.8-7.0)  

Austrostipa elegantissima No 79.0 38.0 4.1 8.6 6.2 70.0 40.6 9.8 2 

 (78.0-80.0) (34.2-41.7) (3.6-4.5) (7.9-9.30 (5.8-6.5) (68.7-71.2) (38.9-71.2) (9.1-10.5)  

Enneapogon caerulescens No 85.2 44.4 9.0 8.0 2.7 69.2 39.1 6.2 5 

 (75.7-94.1) (38.9-48.9) (7.1-14.4) (7.0-8.8) (1.9-3.7) (64.8-74.9) (33.6-43.6) (6.0-6.4)  

Eragrostis dielsii No 77.2 56.3 4.7 10.5 4.2 68.7 38.7 7.6 1 

Low shrubs 

Atriplex vesicaria Yes 54.0 60.9 25.9 12.8 7.9 35.0 17.9 10.0 4 

 (50.0-56.6) (53.8-68.9) (22.9-28.8) (11.8-14.1) (7.6-8.1) (33.9-37.9) (14.7-21.2) (8.1-11.2)  

No 58.8 58.8 19.9 12.4 7.7 34.9 18.8 10.3 12 

 (46.0-73.7) (40.8-69.7) (15.8-23.6) (10.2-14.7) (4.1-11.2) (27.6-40.1) (13.5-23.1) (6.7-14.6)  

Eremophila maculata 

subsp. brevifolia 

Yes 63.3 53.1 6.0 14.1 13.6 25.1 17.5 7.7 5 

 (44.3-72.7) (43.3-62.9) (1.5-8.0) (10.6-16.3) (8.2-16) (21.8-31.2) (13.0-23.9) (6.1-9.5)  

No 66.3 54.6 7.1 14.6 13.3 20.0 14.2 6.5 4 

 (56.9-76.5) (45.5-60.5) (6.0-8.4) (14.5-14.6) (11.6-15.9) (17.9-22.5) (12.2-16.8) (5.5-8.4)  

Frankenia setosa Yes 71.0 42.8 13.6 10.4 8.8 32.3 24.2 14.9 3 

 (67.6-74.3) (35.7-46.1) (12.1-15.1) (7.9-11.7) (6.2-10.9) (26.1-39.0) (19.5-31.3) (12.0-19.3)  

Frankenia setosa No 67.1 44.5 14.4 11.4 9.4 32.5 24.8 14.8 8 

 (56.4-81.0) (37.7-47.2) (10.0-21.7) (10.1-12.9) (6.2-12.2) (26.4-37.3) (20.2-28.1) (12.4-17.0)  
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 Stocked 
DM 

(%) 

In vitro 

OMD 

(%) 

Ash 

(%) 

ME 

(MJ/kg) 

CP 

(%) 

NDF 

(%) 

ADF 

(%) 

Lignin 

(%) 
n 

Maireana georgei No 38.5 45.1 22.7 13.5 14.2 31.4 14.7 3.6 10 

 (27.1-69.6) (39.6-53.1) (18.4-31.9) (10.7-15.9) (10.5-16.9) (26.6-36.2) (11.2-19.1) (2.2-6.8)  

Maireana pyramidata No 25.6 43.0 26.1 12.2 12.5 31.1 14.3 3.4 1 

Maireana triptera No 66.2 44.6 21.2 12.8 13.3 34.15 18.8 5.3 2 

 (61.0-71.4) (43.0-46.1) (20.4-21.9) (12.3-13.4) (12.5-14.1) (32.3-36.0) (16.3-21.3) (4.9-5.7)  

Ptilotus obovatus Yes 55.7 68.1 5.8 14.2 8.3 53.1 30.1 3.8 1 

No 77.4 54.2 7.4 12.0 8.1 48.6 30.2 4.4 6 

 (69.9-100) (47.3-63.8) (6.6-8.1) (11.2-13.3) (7.6-8.8) (44.7-51.3) (29.4-31.0) (3.5-5.7)  

Rhagodia drummondii No 50.9 47.0 14.1 11.7 10.2 42.66 22.9 7.2 5 

 (40.9-68.2) (42.0-51.6) (12.0-16.4) (10.7-12.3) (9.6-11.1) (38.4-47.4) (18.7-28.8) (5.9-8.9)  

Scaevola spinescens Yes 72.1 49.3 5.4 11.5 8 23.7 18.0 7.9 3 

 (70.5-75.0) (39.3-59.4) (5.2-5.6) (9.6-13.3) (7.0-9.1) (19.3-29.3) (14.3-25.1) (4.3-13.5)  

Sida ectogama No 72.7 65.2 6.9 14.3 9.4 45.2 30.6 3.5 1 

Shrubs: 

Acacia hemiteles Yes 60.3 39.1 3.4 10.0 8.6 42.2 31.24 18.1 5 

 (53.7-62.8) (29.9-45.7) (2.6-4.1) (8.8-11.3) (7.2-9.2) (32.5-46.7) (25.3-34.9) (16.4-20.1)  

Exocarpos aphyllus Yes 61.7 35.7 3.8 7.9 5.4 53.2 41.9 24.6 1 

Maireana sedifolia Yes 43.8 39.0 16.0 12.4 13.9 40.0 20.8 3.7 6 

 (37.7-56.1) (36.0-46.7) (12.1-19.4) (11.7-13.0) (12.8-14.9) (37.5-41.6) (18.1-23.4) (2.8-4.6)  

Templetonia egena No 67.0 45.6 3.7 12.1 12.3 53.1 36.1 13.3 3 

 (63.9-70.5) (44.6-46.5) (3.2-4.2) (11.4-12.9) (9.8-14.6) (47.3-56.9) (27.1-41.8) (6.8-17.3)  

Tall shrubs: 

Acacia tetragonophylla  No 81.3 33.9 0.7 9.4 9.1 54.6 46.6 24.9 1 
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 Stocked 
DM 

(%) 

In vitro 

OMD 

(%) 

Ash 

(%) 

ME 

(MJ/kg) 

CP 

(%) 

NDF 

(%) 

ADF 

(%) 

Lignin 

(%) 
n 

Trees: 

Eremophila longifolia No 58.1 60.1 7.0 12.0 6.1 34.3 29.4 15.8 4 

 (42.6-76.9) (59.9-60.4) (5.3-10.3) (11.7-12.4) (5.6-7.3) (29.3-38.6) (23.6-34.6) (13.3-19.6)  

Low shrub: shrub < 1 m tall; Shrub: A shrub between 1 and 2 m in height; Tall shrub: A shrub > 2 m in height 

 

.
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Within the (dry) grasses (n=4), Austrostipa elegantissima had the highest CP content 

(6.2%), while Eragrostis dielsii had the highest ME (10.5 MJ/kg DM). Within the 

low shrubs (n=14), Eremophila maculata subsp. brevifolia collected from the 

unstocked paddock had the highest ME (14.6 MJ/kg DM) and Maireana georgei had 

the highest CP content (14.2%). Within the shrubs (n=4), Maireana sedifolia had the 

highest ME (12.4 MJ/kg DM) and CP content (13.9%). 

In comparing nutritive values across categories (grasses, low shrubs and shrubs), the 

low shrubs had, on average, the highest OMD (42.2%), ME (12.7 MJ/kg DM) and 

CP content (10.3%). The dry grasses had, on average the lowest ME (8.5 MJ/kg DM) 

and CP content (3.9%). However, the shrubs, on average, had the lowest OMD 

(39.9%). 

The nutritive value of the grasses varied over the study period. As an example, 

changes in the average DM and CP contents of Aristida contorta and Enneapogon 

caerulescens over the study period are shown in  

Figure 6-3 and Figure 6-4, respectively. At some site visits, particular species were 

not present, accounting for any missing data. 
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Figure 6-3: Changes in the dry matter content of selected grass species (Aristida 

contorta and Enneapogon caerulescens) found in the unstocked/rested paddock over 

the study period. 

 

 

 

 

Figure 6-4: Changes in the crude protein content of selected grass species (Aristida 

contorta and Enneapogon caerulescens) found in the unstocked/rested paddock over 

the study period. 
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With the exception of DM content, the nutritive value of the sub-shrubs also varied 

over the study period. As an example, changes in the average DM and CP contents of 

Maireana georgei and Ptilotus obovatus over the study period are shown in Figure 

6-5 and Figure 6-6, respectively. 

 

 

 

Figure 6-5: Changes in the dry matter content of selected low shrub species 

(Maireana georgei and Ptilotus obovatus) from unstocked/rested paddock over the 

study period. 
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Figure 6-6: Changes in the crude protein content of selected sub-shrub species 

(Maireana georgei and Ptilotus obovatus) unstocked/rested paddock over the study 

period. 

The nutritive value of the shrubs and tree also varied over the study period, although 

without any consistent trends. 

6.4 Discussion 

The heterogeneity of rangeland vegetation means grazing animals can select a 

diverse diet which can include some or all of the following; grasses, forbs, sub-

shrubs, shrubs, tall shrubs and trees (O'Reagain and McMeniman, 2002). The 

availability and/or nutritive value of these plants can fluctuate due to a variety of 

influences, such as rainfall, soil type and grazing pressure. The diet selected by 

grazing livestock is often of higher nutritive value than the average nutritive value of 

the individual components within the available pasture (Heady, 1964; Freer and 

Dove, 2002; Franklin-McEvoy and Jolly, 2006b). Different parts of a plant may have 

different nutritive values, for example, leaves are higher in CP and less fibrous than 

the stems (Heady, 1964). If a range of species that differ markedly in stage of growth 
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is available, preferences will usually be for the species with the least mature herbage, 

as when a plant stops growing the nutritive value declines. As the feed supply 

decreases, animals must eat less preferred plant material; however, a high proportion 

of their total grazing time will still be spent on favoured species of low accessibility 

(Arnold et al., 1966). 

There is limited data on the nutritive value of WA rangelands plants, with the most 

recent data being provided by Franklin-McEvoy and Jolly (2006a), Daly (2009) and 

Revell et al.(2013). A comparative summary of the nutritive value of the plants 

across these studies which were common to this study is presented in Table 6-3. The 

considerable variation in average nutritive values of the plants are likely due to 

differences in analytical methods, plant genotypes and stage of growth, as well as 

differences in the climate (rainfall in particular) and soils where the plant material 

was sourced from. Daly (2009) used the same analytical methods for determining 

nutritive value as used in this study; however, Revell et al. (2013) estimated in vitro 

OMD using the pepsin-cellulase digestion method and Franklin-McEnvoy and Jolly 

(2006b) estimated ME by two methods, viz. ME = DMD * 0.15 or ME = (DMD * 

0.17)-2. The ME reported by Franklin-McEnvoy and Jolly (2006a) were consistently 

lower than that determined using the in vitro gas fermentation technique (Menke et 

al., 1979; Makkar, 2004). The in vitro gas fermentation technique is recommended 

for browse species as it accounts for the potential negative effects of tannins, volatile 

oils and other secondary metabolites that these plants may contain (Makkar, 2004; 

Ammar et al., 2005). Franklin-McEvoy and Jolly (2006a) highlighted that wet 

chemistry based in vitro techniques for determining plant nutritive values are 

inconsistent and generally over-estimate the energy and digestibility of plants 

containing high salt concentrations, as is the case for some rangelands plants. 

The majority of the target grasses (including those observed in the field) were dry 

and mature and this was reflected in their relatively high average DM (>75%) and 

lignin contents and low average CP (3.9%) contents. As previously reported in 

Chapter 4, it was only at Site 7 in the unstocked/rested paddock that grasses appeared 

to still be actively growing, with a very slight green tinge noted at the base of the 

plants. Nutritive assessment was not conducted on this material due to inadequate 

sample size availability. When grass is green, typically its CP content is much 

higher, for example the CP content of Aristida contorta can be around 10% (Mitchell 
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and Wilcox, 1994). During the ongoing dry conditions of this study the highest CP 

content of Aristida contorta was 2.7%, which was lower than the average 7.8% 

reported by Daly (2009) for plants collected during drought conditions near Yalgoo 

(28º18’S 116º38’E) in WA, and the 5.3% CP reported by Newman (1969) for mature 

plants (94.3% DM) collected from grazing areas near Alice Springs. The highest CP 

for any of the target grasses was 6.2% for Austrostipa elegantissima. Despite having 

relatively low OMD, ME and CP content, Aristida contorta and Austrostipa 

elegantissima were common to the diet of sheep, feral goats and kangaroos (Chapter 

5) and both of these grasses had been heavily grazed (Chapter 4). 

Of the target grass species only Eragrostis dielsii would meet the maintenance 

requirements of sheep in terms of OMD (> 50%) and ME (> 8 MJ/kg DM) (Meissner 

et al., 1999; McDonald et al., 2002) but not in terms of CP. The CP requirements of 

weaner sheep is 12-14% (McDonald et al., 2002), and none of the target grasses, 

alone or in combination, would have met this requirement. 

Due to the ongoing dry conditions, the plant material collected was mostly mature 

and drying (or dried) off and this would have been a major contributing factor to the 

low CP, OMD and ME results for many of the plant species, especially the grasses. 

During more favourable conditions, especially following rain, annual herbs and/or 

grasses would provide more nutritious green feed to grazing livestock (Harrington et 

al., 1984a; Burnside et al., 1995). 

During dry conditions when grasses are mature and of low nutritive value, browse 

(shrubs and trees) provides supplementary energy and protein to grazing livestock. 

The in vitro OMD of the low shrubs ranged from 42.8-68.1%, while for the shrubs it 

ranged from 35.7-45.6%. This range of in vitro OMD is similar to that reported by 

Revell et al. (2013) for Australian native shrub species, which include six of the 

target plants used in this study. The CP of the low shrubs ranged from < 8% to 

14.2%, while for the shrubs it ranged from <6% to 13.9%, which was generally 

higher than that of grasses. With the exception of Exocarpus aphyllus, the ME of all 

of the shrub species was >10 MJ/kg DM, which was higher than that of the senesced 

grasses (<10 MJ/kg DM). 

The only tree, Eremophilia longifolia was found in the unstocked/rested paddock 

near the salt lake. At this location there was a mature tree with several juvenile trees 

around it. The smaller of the juvenile trees were heavily defoliated, presumably by 
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kangaroos as there was a lot of kangaroo dung observed at the site. The tree, while 

drought tolerant, can decline under heavy grazing and has a documented CP of 14 % 

(Mitchell and Wilcox, 1994), but the plant sampled in this study contained only 6.1% 

CP. 
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Table 6-3: Average nutritive values of Australian rangelands plants, reported in other studies compared to average values in this study 

in [ ]. 

Botanical name In vitro OMD 

(%) 

ME 

(MJ/kg DM) 

CP 

(%) 

NDF 

(%) 

ADF 

(%) 

Reference 

Aristida contorta [38.2] 

38.6 

[6.8] 

5.6 

[2.3] 

7.8 

[66.1] 

85.9 

[39.7] 

44.4 

 

Daly (2009) 

Atriplex vesicaria [60.9]  

 

46.1 

[12.8] 

10.6-11.1 

 

[7.9] 

13.4 

2.7 

[35.0] 

30.0 

34.2 

[17.9] 

 

18.3 

 

Franklin-McEnvoy and Jolly (2006) 

Revell et al. (2013) 

Eremophila longifolia [60.1] 

65.7 

[12.0] [6.1] 

1.4 

[34.3] 

21.3 

[29.4] 

16.9 

 

Revell et al. (2013) 

Eremophila maculata [53.9] 

69.0 

[14.4] 

 

[13.5] 

2.4 

[22.5] 

26.0 

[15.3] 

11.9 

 

Revell et al. (2013) 

Maireana georgei [45.1] 

 

52.0 

[13.5] 

9.1-9.8 

 

[14.2] 

17.5 

3.7 

[31.4] 

40.0 

30.1 

[14.7] 

 

15.5 

 

Franklin-McEnvoy and Jolly (2006) 

Revell et al. (2013) 

Maireana pyramidata [43.0] 

 

48.7 

[12.2] 

8.8-9.5 

[12.5] 

16.8 

3.2 

[31.1] 

38.0 

34.1 

[14.3] 

 

18.7 

 

Franklin-McEnvoy and Jolly (2006) 

Revell et al. (2013) 

Maireana sedifolia [39.0] 

 

42.2 

[12.4] 

9.1-9.8 

[13.9] 

17.5 

3.6 

[40.0] 

42.0 

44.6 

[20.8] 

 

26.5 

 

Franklin-McEnvoy and Jolly (2006) 

Revell et al. (2013) 

Botanical name In vitro OMD ME CP NDF ADF Reference 
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(%) (MJ/kg DM) (%) (%) (%) 

Maireana triptera [44.6] 

 

40.1 

[12.8] 

8.0-8.8 

5.6 

[13.3] 

16.4 

24.6 

[34.2] 

41 

50.0 

[18.8] 

 

19.5 

 

Franklin-McEnvoy and Jolly (2006) 

Daly (2009) 

Ptilotus obovatus [68.1] 

43.0 

[14.2] 

6.2 

[8.3] 

17.9 

[53.1] 

57.4 

[30.1] 

29.9 

 

Daly (2009) 

Rhagodia drummondii [47.0] 

41.2 

11.7 

[5.9] 

[10.2] 

17.5 

[42.7] 

43.9 

[22.9] 

17.5 

 

Daly (2009) 

Scaevola spinescens [49.3] 

28.8 

[11.5] 

4.1 

[8] 

9.2 

[23.7] 

59.6 

18.0 

43 

 

Daly (2009) 
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The low shrubs in this study generally had higher OMD but lower CP than the same 

species collected as part of a similar study undertaken near Yalgoo (28º18’S 

116º38’E) in WA’s rangelands (Daly 2009). For example, in this study the Ptilotus 

obovatus collected at “Mendleyarri” contained 8.3% CP with OMD of 68.1% 

compared to 17.9% CP and 43% OMD for plants collected near Yalgoo. Similarly, 

the Scaevola spinescens collected in this study contained 8% CP and 49.3% OMD 

compared to 9.2% CP and 28.8% OMD for plants collected near Yalgoo. This 

highlights the need for a proper comparison of similar plants between different 

seasonal timing to capture different phases of growth and locations of interest. 

Ideally, nutritive value needs to be assessed at each season (four times a year) for at 

least 2 years in each location of interest. This would expand the data base of the 

nutritive values over the course of wetter and drier cycles that could be compared 

against rainfall to gain a greater understanding of the factors affecting the nutritive 

value of rangelands plants at different locations. 

As reported by Revell et al.  (2013), the OMD to CP ratio may be useful for 

assessing the protein adequacy of forages; when the ratio exceeds 6:1 (for weaners) 

N is likely to be limiting for microbial protein synthesis. For all of the target grasses 

the ratio far exceeded 6:1. For the low shrubs the OMD : CP ratio ranged from 3.2 to 

4.8:1, with the exception of Atriplex vesicaria, Ptilotus obovatus, Scaevola 

spinescens and Sida ectogama, where the ratio exceeded 6:1. Thus with the 

exception of these four low shrubs, the intake of ME would be limiting for animal 

production, rather than CP, if the shrubs were the sole source of feed. For all the 

shrubs, with the exception of Exocarpus aphyllus, the OMD: CP ratio was < 6:1.  

Herbivores become increasingly nutrient limited as dry conditions continue and CP 

content and OMD decline (Craine et al., 2010). Diet quality decreases as plants 

senesce along with previous defoliations of leaves from continuous grazing causing a 

reduction in the herbaceous cover (Anderson et al., 2014; Briske, 2017). As seasonal 

changes affect forage quality the rumen microbes are also affected (Anderson et al., 

2014). When forage quality critically decreases forage intake will also decrease as 

the volume able to be ingested is limited. 
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During dry seasons if enough CP is gained from grazing the available but limited 

feed, the herbivore can avoid weight loss as it reduces the amount of time spent 

looking for feed, which is typically browse during dry times. 

The heterogeneous nature of the rangeland plant environment allows herbivores to 

favour different forage allowing for a an intake higher than what may be observed 

(Papachristou et al., 2005). Livestock often repeat graze their preferred plants at 

favoured areas and only lightly use other areas or patches (Ash and Stafford Smith, 

1996). However, when favoured areas are depleted they will spend time searching 

which may limit intake as well as diminishing forage, ultimately forcing ruminants to 

rely increasingly on woody plants as a source of food (Baumont et al., 2000; 

Papachristou et al., 2005). 

Perennial grasses can decline rapidly under grazing in dry times, meaning browse is 

the only option and if the browse is then overgrazed it leads to woody weed invasion 

and soil erosion (McKeon et al., 2009). 

Each of the target plants alone would not meet the nutrient requirements of weaner 

sheep. However, the quality of diets consumed by animals is rarely predicted by 

analyses of selected plants (Papachristou, 1993). Furthermore, the sampled material 

may not have been representative of that consumed by grazing livestock as they 

would be more selective than was practicable using the hand-plucking technique or 

sourced food outside the study area. None-the-less, the results contribute to 

increasing knowledge of the rangelands. 
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7.1 Introduction 

Animal production in the rangelands is a function of animal species/breed and the 

quantity and quality of available feed. The unpredictable environmental conditions, 

including extended periods of dry times, has led to some sheep producers utilising 

breeds such as the Damara (Fleet et al., 2003; Scanlon et al., 2013) rather than the 

traditional Merino breed. The Damara was introduced to Australia in the 1990s. 

Within 5 years after the first imports into Australia, it was estimated there were over 

10,000 pure Damaras and 225,000 crossbred animals (Chambers, 2004). 

The Damara is a fat-tailed sheep, well adapted to arid conditions. Its browsing ability 

is higher than other sheep breeds, and closer to values obtained in goats (Almeida, 

2011). As in all fat-tailed sheep breeds, the Damara stores fat in its tail, and this is 

mobilised to provide energy when feed is scarce (Kashan et al., 2005). 

Liveweight and assessment of BCS are considered the most effective ways of 

measuring animal condition and production. Arnold et al  (1966) found seasonal 

changes in sheep liveweights reflected changes in nutritional conditions. Given that 

Damara sheep store fat in both their body and their tail, assessment of the BCS 

should also include assessment of the amount of fat stored in the tail. 

7.2 Materials and Methods 

Approval for the animal study was initially obtained from the Curtin University of 

Technology Animal Experimentation and Ethics Committee (AEEC) at the 

commencement of the study and reviewed annually. Station management of the 

animals was independent of the study. The original AEEC approval was 

subsequently accepted by Charles Sturt University Animal Care and Ethics 

Committee upon transfer of candidature to this university. 

In November 2005, 100 pink ear-tag, Damara weaners (at least F3 generation) were 

randomly selected from a much larger mob of sheep (consisting of all classes of 

sheep) grazing on the stocked paddock. The weaners were weighed using portable, 
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electronic sheep scales (Ruddweigh) and their BCS assessed and recorded. Body 

condition scoring is an easy way to assess responses to changes in nutrition in 

animals by feeling the amount of muscle and fat on the animal’s back bone. If the 

animal feels very bony, then it is a score one and it’s too thin. At the other end of the 

scale if no bones can be felt it is a score 5 and too fat. The advantage of BCS is no 

specialised equipment is needed, and BCS in sheep is not affected by skeletal size, 

different breeds, gut fill or fleece weight (Kenyon et al., 2014). The assessment of 

BCS followed the East of Scotland College of Agriculture (ESCA) as described in 

Department of Agriculture and Food Western Australia (DAFWA) Farmnote 

69/1994 (Suiter, 1994). The same person assessed BCS at each muster. 

It was originally planned that at 4 to 6 monthly intervals, 100 weaners would be 

randomly selected (because of limited guarantee that the original weaners would still 

be on-station) and have their BCS assessed and tail measurements taken at each visit. 

The 100 weaners selected were marked with a pink ear tag to identify them as the 

study sheep.  

The circumference of the tail (Figure 7-1) was measured at 100 mm, 200 mm and 

300 mm from the butt of the tail using a flexible tape. The length of the tail was 

determined by measuring the distance from the base to the tip of the tail on the inner 

side of the tail (Figure 7-2) using a metal tape. Circumferential tail measurements 

were taken at 100 / 200 / 300 mm from the tail butt as an indicator of tail fat volume. 

 

Figure 7-1: Measuring the circumference of the tail 
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Figure 7-2: Measuring the length of the tail. 

Due to ongoing dry conditions and a significant decline in feed availability, large 

numbers (unknown) of sheep were either sold (predominantly rams) or lost 

(presumed dead) within the first 6 months of the commencement of the study. With 

the ongoing dry conditions and the declining condition of the stock, access to the 

station for assessing the sheep was also not granted at times. Therefore the following 

parameters were ultimately assessed: 

• 1 November 2005: BCS and tail length and circumference of ewe (n = 47) 

and ram (n = 53) weaner lambs (pink ear tags) 

• 5 January 2006: liveweight, BCS, and tail length and circumference of same 

ewe (n = 47) and ram (n = 50) weaner lambs (pink ear tags) 

• 19 November 2007: liveweight and BCS of residual pink ear tag ewes (n = 

28) at the time of destocking the property. 

 Statistical Analyses 

Means for animal BCS, tail length, and tail circumference (at 100 mm and 200 mm 

down the length of the tail) were compared between sex (ewe and ram weaner lambs) 

and sampling dates (Nov 2005 and Jan 2006) using a paired t-test. For all analysis, P 

< 0.05 was regarded as significant.  
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7.3 Results 

The average (± SD) BCS, tail length and circumference (at 100, 200 and 300 mm 

down the length of the tail) of the Damara weaners for November 2005 and January 

2006 is shown in Table 7.1. Both BCS and tail circumference at 300 mm down the 

length of the tail decreased (P<0.05) between November 2005 and January 2006. 

There were no differences (P>0.05) between the ewe and ram weaner lambs in any of 

these parameters.  

In January 2006, the ewe weaner lambs (n = 47) weighed 23.2 ± 4.40 kg, with a BCS 

of 1.6 ± 0.41. At the time of destocking in November 2007, the residual pink ear tag 

ewes (n = 28) weighed 38.9 ± 6.39 kg, with a BCS of 2.6 ± 0.31. 

By the time of destocking in November 2007 there were no pink ear tag rams and 

only 28 pink ear tag ewes, of which six were from the originally selected weaner 

lambs. These pink-tag ewes would have been around 2-3 years of age at the end of 

the study. The average BCS of these residual animals was 2.6. 

Table 7-1: Average (± SD) body condition score, tail length, tail circumference (at 

100, 200 and 300 mm down the length of the tail) 

Parameter November 2005 January 2006 

Body condition score 2.0 ± 0.5a 1.5 ± 0.41b 

Tail length (mm) 340 ± 32.39 326.7 ± 34.10 

Tail circumference (mm) at: 

- 100 mm 

- 200 mm 

- 300 mm 

 

105.5 ± 24.78 

70.9 ± 15.78 

45.2 ± 13.50a 

 

98.2 ± 24.60 

66.0 ± 16.81 

30.4 ± 26.17b 

Values within rows with varying superscripts differ (P<0.05) 

7.4 Discussion 

Between November 2005 and January 2006, the average BCS of the weaners 

decreased from 2 to 1.5. The Department of Agriculture and Food Western Australia 

recommends that no growing sheep (i.e. weaners) should have a BCS of less than 2. 

The decline in BCS indicated that production of the growing weaners was 

compromised and the available FOO in the stocked paddock in January 2006 was not 
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sufficient to support even maintenance animal production. However the above 

average rainfall from January to April may have allayed FOO issues for a while as 

the short term carrying capacity of the paddock was reduced as a consequence of the 

ongoing dry conditions.  

The paddock was fully destocked in November 2007, after a very below average 

rainfall year from February 2007 onwards, by which time the average liveweight of 

the remaining pink-ear tag ewes (born in 2005) was 38.5 kg, less than 16 kg heavier 

than their counterparts weighed 22 months earlier. This equated to a growth rate of 

less than 0.7 kg/month, which was less than 50% of the reported growth rate of 

Damara ewes in the Carnarvon area of WA, where it was found that Damara ewe 

weaners gained 15 kg in a 10 month period that was described as the hottest and 

driest on record (Young, 2000). Over this same period Merino ewes were rapidly 

losing condition (Young, 2000), highlighting that the Damara is well adapted to arid 

conditions (Almeida, 2011). 

In fat-tailed breeds of sheep, including the Damara, the tail fat depot is mobilised 

(increased lipolysis and reduced deposition) during periods of feed restriction (Alves 

et al., 2013). Although the level of fatness of the tail is clearly visible and can be 

palpated easily, scoring of the tail in a systematic manner has not been widely 

adopted. Both tail circumference at 300 mm (down the length of the tail) (P<0.05) 

and length of the Damara weaners decreased between November 2005 and January 

2006, and this corresponded to a significant decrease (P<0.05) in BCS. Several 

researchers (Zamiri and Izadifard, 1997; Atti and Hamouda, 2004; Hamouda and 

Atti, 2011; Agamy et al., 2013) have found that total body fat of sheep can be 

estimated from tail measurements. Atti and Hamouda (2004) developed the 

following equation to estimate total body fat (g) of sheep:  

Total body fat (g) = -1867 + (155 * upper tail circumference [mm]) 

Upper tail circumference was not measured in this study, but using the tail 

circumference at 100 mm down the length of the tail, estimated total body fat of the 

weaners decreased from 14 ± 4 kg in November 2005 to 13 ± 4 kg in January 2006. 

It is assumed this estimate reflects the change in BCS, suggesting that either BCS or 

tail circumference can be effectively used to assess changes in the nutritional status 

of Damara weaners. 
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A surprising result was that despite a very modest increase in liveweight there was a 

decrease in BCS and a reduction not only in tail circumference but also tail length. 

The very modest increase in liveweight may have been associated with gut fill or a 

consequence of structural growth of the animals (increase in bone and muscle tissue 

but no increase in fat). In November 2005, 95 of the 100 weaners had a measurable 

circumference measurement taken at 300 mm down the length of the tail. In January 

2006, of the 96 original pink-tag weaners, only 57 weaners had tail lengths to allow 

measurement of circumference at 300 mm. The same procedure and the same person 

measured tail length on both occasions. Otoikhian et al. (2008) found that tail length 

increased with animal age, but this was not the case in this study. Further research is 

required to determine if changes in tail length reflect changes in BCS and/or total 

body fat. 

The final BCS taken in November 2007 was an average of 2.6, a modest increase of 

less than 1 BCS over 12 months. This suggests an improvement in forage availability 

(most likely) and/or quality compared to the previous measurement. This was also 

reflected in the low weight gain over the 23 months of 0.7 kg/month. 

The optimal liveweight of weaners (20-30 kg) is 1 kg per month for weaners (Young, 

2000). The low BCS of the residual animals in November 2007 was an indication 

that there was inadequate FOO to optimise animal production. At around 2 years of 

age, Damara ewes should weigh around 45 kg (Kilminster and Greeff, 2011), further 

indicating that these ewes had been exposed to sub-optimal nutrition. The ongoing 

dry conditions, lack of adequate winter rainfall (Chapter 4:) for new plant 

germinations and growth and (potentially) continued grazing of the paddock was 

reflected in the relatively low liveweight of the residual pink tag sheep at the time of 

destocking in November 2007. During ongoing dry or drought conditions, the aim is 

to hold non-productive stock at maintenance levels as it is harder for livestock to 

regain condition than to maintain it (McDonald et al., 2002). 

No highly palatable plants were evident in the stocked paddock (Chapter 4:), 

suggesting that this paddock had been continuously grazed for a considerable period 

of time. The sheep were thus forced to seek forage from the remaining shrubs which 

would have been less palatable and likely contain higher levels of the more 

indigestible structural components such as lignin (Shipley, 1999). 
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Dry times and drought always create challenges for managers and during the study 

period management decisions were difficult, with declining condition of the stock 

restricting sales, and weaner rams being left in with ewes resulting in scattered 

pregnancies (Damara ewes can start breeding at 8 months). Travel restrictions for 

lambs at foot meant delays in reducing stock numbers  
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There is a need for balance between animal production and rangeland sustainability. 

Ideally, the SR should be adjusted to be within short term carrying capacity, which 

can fluctuate greatly from year to year. During drought in particular, the SR should 

be carefully managed as on-going grazing may cause substantial, long-term damage 

to the range condition. During drought, plants are stressed and this forces livestock to 

use parts of the landscape they usually avoid and consume plants that are less 

palatable and/or lower in nutritive value. Typically in the rangelands, livestock are 

not the only animals grazing an area/paddock, as was the case in this study where 

sheep and kangaroos were grazing the stocked paddock, and kangaroos and feral 

goats were grazing the unstocked/rested paddock. 

8.1  How does short term seasonal condition of vegetation change during 

ongoing dry conditions? 

Chapter 4: describes the environment observed at the study sites and how it became 

increasingly dry due to low annual rainfall and in particular the low winter rainfall, 

which is when rainfall soaks into the soil best, and the lower rates of evaporation 

make winter rainfall more effective for plant growth (Pringle et al., 1994). For winter 

in 2006, the three monthly BOM rainfall deficiencies over two consecutive periods 

were the ‘lowest on record’. For 2007 winter, but also through to spring and summer, 

there were pockets of ‘serious deficiency, meaning winter rainfall was below average 

making the summer rainfall insufficient to have an impact on soil moisture to 

generate plant growth during the warmer months (Burnside et al., 1995). 

The responses of vegetation to rainfall (or lack thereof) vary depending on the plants’ 

physiological abilities to harness water, together with ambient temperature, and 

existing surface and sub-surface moisture (Pringle et al. 2004). Perennial plants vary 

in their response to rainfall events, due to the reduced reliance on surface moisture, 

although periods of high activity usually occur in winter (including the Southern 

rangelands) when water infiltration is more effective (Holechek et al., 1989) Even 

though Mendleyarri is in an area that is not summer or winter dominant, it usually 

has equal amounts of rainfall in both seasons, that siad winter rainfall still is more 
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effective for germinations. Perennial species are more indicative of long-term 

changes in the rangelands, whilst annuals provide an indication of conditions in the 

short-term. Only perennial species were selected for monitoring, due to the absence 

of annual species in the landscape at the commencement of the study and throughout 

the study period. 

The lack of effective winter rainfall resulted in there being no evidence of 

germinations of annual grasses, perennial grasses, forbs and annuals and no evidence 

of new growth on existing plants. The time-series pictures (Figure 4-6) taken at each 

site showed the changes in size and colour, leaf cover and dryness of most of the 

target plants in response to the ongoing drought, and this was mirrored in the lower 

NDVI in the latter part of 2006 and all of 2007. Changes in the NDVI largely 

followed the same pattern as the rainfall that was recorded over the study period. 

While higher than average rainfall was received in 2006, its overall effectiveness in 

changing range condition was diminished due to the below average rainfall in 2005, 

a dry winter in 2006 and below average rainfall in 2007. The low soil moisture was 

reflected in the how most of the target plants, had very small leaves that were in 

varying stages of drying and curling, or completely shedding on other plants. Some 

of the low shrubs appeared to be less resilient than the other shrubs and trees. Low 

shrubs such as Maireana triptera, Maireana trichoptera and Sida ectogama were 

shrinking and disappearing from the unstocked paddock and were not present in the 

stocked paddock. Conversely, Frankenia setosa, also a low shrub and found in both 

unstocked and stocked paddocks, was often seen to be flowering. Tall shrubs Acacia 

hemiteles, Maireana sedifolia and Exocarpos aphyllus while all visually heavily 

grazed did not appear to suffer the soil moisture stress of curling and dropping leaves 

as some of the low shrubs did. Mitchel and Wilcox (1994) report that Acacia 

hemiteles is much wider than it is tall, however, under dry conditions when there is 

no green pick from growing perennial plants or an abundance of annuals the grazing 

pressure on the plant is increased. Figure 4.6 shows how much defoliation has 

occurred. Thus there were differences between perennial species in response to the 

ongoing dry conditions. How quickly these species “recover” warrants further 

research. 

Drought and dry times are a common occurrence in the rangelands, and to maintain 

land productivity and biodiversity, managers need to make informed decisions based 
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on knowledge of the effects of dry/drought conditions on plants and how this affects 

FOO and short term carrying capacity. As supported by results from this study, the 

impact of dry conditions or drought on vegetation and subsequently NDVI, varies 

depending on plant type, as well as land systems, soil types and differing land cover 

types (Vicente-Serrano, 2007). 

8.2 Does apparent grazing pressure change during ongoing dry conditions? 

As a result of the ongoing dry conditions and a significant decline in feed 

availability, large numbers (unknown) of sheep were sold (predominantly rams). 

Thus the SR of the stocked paddock declined over the study period, although due to 

the lack of information on actual sheep numbers it is not possible to quantify this 

decline. 

Due to being constrained by fences and as a consequence of declining FOO, over the 

study period the sheep may have needed to graze not only less palatable plants but 

also those with increasing woodiness, as many of the available plants were losing 

their leaves while other plants were dying out. In lush times when vegetation is 

abundant and includes forbs and annuals, sheep can graze out to 6 km from water, 

resulting in an area of around 113 km2 to find their favoured food. The higher water 

content in the vegetation means they don’t have to go back to water as often. Over 

the study period, the DM content of the grasses increased between June and 

November in 2007 (Chapter 6:) and this correlated with the distance travelled (by the 

sheep) from the watering point (Chapter 4:). Grazing became focused within 1-3 km 

from the water point, which effectively would have decreased the grazing area to 28 

km2. The shrubs that were present within this (reduced) grazing area were 

increasingly defoliated. The ongoing dry conditions would have contributed both 

directly (leaf drop) and indirectly (increasing grazing density) to this defoliation. 

As reported in Chapter 4:, grazing pressure from kangaroos in the stocked paddock 

also declined as the study progressed and by June 2007 there was little if any 

evidence of kangaroos grazing in the stocked paddock although they may have been 

grazing other areas of the paddock away from monitoring sites. 

Drought has a profound impact on grazing pressure, decreasing the grazing range of 

livestock but also potentially decreasing the grazing pressure from native animals in 

stocked paddocks (Edwards et al., 1996; James et al., 1999). Kangaroos favour 
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paddocks being rested from livestock, as was evident in this study, with dung density 

lower in the stocked paddock and distinctly reducing toward the end of the study 

period. Grazing pressure by kangaroos was always higher in the unstocked/rested 

than the stocked paddock. Kangaroos appeared to behave in the same manner as 

sheep with the kangaroo dung density being highest within ~1 km and lowest at 6 km 

from the watering point in the unstocked/rested paddock. 

The grazing pressure from feral goats in the unstocked paddock also declined as the 

dry conditions progressed. Up until April 2007, grazing by feral goats was evident 

within 5 km of the water point in the unstocked paddock; however, from June 2007 

onwards there was no evidence of feral goats in this paddock. This loss of goats may 

have been due to decline in FOO as a consequence of the ongoing dry conditions, 

predation by wild dogs or as they are highly mobile they could have moved 

elsewhere away from the monitoring sites. 

8.3 Is there dietary overlap between the herbivores on a localized area on the 

north-eastern Goldfields of WA? 

During periods of abundant feed availability, dietary preferences may vary between 

sheep, feral goats and kangaroos; however, it is during periods of decreased feed 

availability that there may be greater overlap of dietary preferences (Dawson and 

Ellis 1994; Edwards et al. 1996). As reported in Chapter 5, over the study period, of 

the selected plants, five were detected in sheep faeces (Acacia hermiteles, Aristida 

contorta, Atriplex vesicaria, Austrostipa elegantissima and Frankenia setosa). Of the 

selected plants only Mairaena sedifolia, and either Enneapogon caerulescens or 

Rhagodia drummondii were not consumed by kangaroos at some stage over the study 

period. Thus, the grasses Aristida contorta, Austrostipa elegantissima, and the low 

shrub Atriplex vesicaria were common to the diet of sheep and kangaroos. In 

addition, Acacia hermiteles and Frankenia setosa were common to the diet of sheep 

and kangaroos while Eremophila maculata subsp. brevifolia, Scaevola spinescens 

and Solanum lasiophyllum were common to the diet of feral goats and kangaroos. 

Sheep and kangaroos consistently consumed grass, especially Aristida contorta, even 

though the plants observed in both paddocks were very dry. The intake of shrubs 

being of lesser variety and less frequently detected in sheep than in kangaroo aligns 

with that kangaroos while grazers that prefer grass will include shrubs in their diet 
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(Barker, 1987; Munn et al., 2010b). The variety of shrubs consumed by kangaroos 

declined as the study progressed, with only Acacia hermiteles detected by the end of 

the study period (November 2007).  

During the ongoing dry conditions in the Southern Rangelands of WA there was 

considerable dietary overlap (of the target plants) between sheep and kangaroos. 

However, whilst there was dietary overlap, the extent of competitive grazing actually 

declined as the dry conditions progressed little if any evidence of kangaroos grazing 

in the stocked paddock by June 2007. Thus it is important to clearly differentiate 

competitive grazing from dietary overlap. Competitive grazing tends to be greatest 

during drought when feed supplies are greatly reduced (Short, 1986; Edwards et al., 

1996). However, the results of this study suggest that dietary overlap may actually 

decrease during ongoing dry conditions through the movement of free-ranging 

herbivores to other areas of the landscape. 

8.4 How nutritious are a selection (based on palatability ranking) of rangeland 

plants and does this change during ongoing dry conditions? 

Nutritional requirements of grazing ruminants are different to the smaller agricultural 

farms with pasture to the large rangeland paddock where there is an added energy 

requirement with regard to travel to feed and water along with environmental stresses 

such as wind, heat and cold. The composition and quality of the diet of animals 

grazing the rangelands can vary greatly, with land types and as a consequence of the 

climate, especially rainfall. There is limited data on the nutritive value of WA 

rangelands plants, with the most recent data being provided by Franklin-McEvoy and 

Jolly (2006b), Daly (2009) and Revell et al. (2013). 

While the window of observations in this study was too narrow, to fully explore how 

the nutritional value of plants change during ongoing dry conditions. None-the-less it 

was evident that as a result of the continued  dry conditions, the selected grass 

species were desiccated, mature and this was reflected in their high average DM 

(>75%) and low average CP (3.9%) content. At no time over the study period would 

these grasses, individually or collectively, have met the maintenance requirements of 

sheep. Despite having relatively low OMD, ME and CP contents, Aristida contorta 

and Austrostipa elegantissima were common to the diet of sheep, feral goats and 

kangaroos (Chapter 5) and both of these grasses had been heavily grazed (Chapter 4). 
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With the exception of Atriplex vesicaria, Ptilotus obovatus, Scaevola spinescens and 

Sida ectogama, the intake of ME rather than CP from the individual low shrubs 

would be limiting for animal production, if the shrubs were the sole source of feed. 

Between November 2005 and January 2006 the sheep were unable to select a diet to 

meet their maintenance requirements. From this time onwards until the end of the 

study (November 2007), large numbers (unknown) of sheep were either sold 

(predominantly rams) or lost (presumed dead), with the remaining sheep able to 

select a diet that at least met maintenance requirements. It may have been appropriate 

to destock or move the stock to another paddock in November 2005, as at this time 

the decline in the BCS of the weaners indicated that the carrying capacity of the 

paddock had been exceeded. 

Analyses of plant nutritional content (Chapter 6) did not give accurate indicators of 

the quality (or composition) of the diet selected by the sheep because the animals 

were gaining weight but analysis indicated that the plants sampled would not meet 

the nutrient requirements of weaner sheep. Grazing animals select the more 

nutritious parts of the plant and landscape which allows them to maintain the quality 

of their diet as pastures dry off and senesce. A larger collection of different palatable 

plants would have given more clues to the diet chosen. 

Analysis of faecal samples using NIRS may be more useful to predict the nutritive 

value of the diet of animals grazing on the rangelands (Tellado et al., 2015; Landau 

et al., 2016). However, the accuracy of fNIRS estimates of diet nutritive value is 

dependent upon the data (reference values) used to calibrate the instrument. Errors in 

reference values are likely to increase the error associated with the NIRS predictions. 

It is difficult to ascertain in rangeland environments exactly what plants, and plant 

parts, animals eat and in what quantities, which would affect the overall quality of 

the animals’ diet (Mayes and Dove, 2000). It would be a major undertaking to 

determine the nutritive value (reference value) of the large diversity of plants that 

could constitute the diet of animals grazing on the southern rangelands. Therefore, 

expanding the rangelands plants DNA data bank would enable determination, from 

faecal analysis, of what sheep and other grazers actually do consume. Research could 

be directed to determining the nutritive value of these identified plants and how this 

may change in response to grazing pressure and ongoing dry conditions. 
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8.5 How do Damara sheep change with regard to body weight, tail 

measurements and BCS during ongoing dry conditions? 

As a consequence of the ongoing dry conditions, from November 2005 to January 

2006 the BCS of the weaners (Table 7-1) declined from 2.0 to 1.5. Over the same 

period of time the size of the fat deposit in their tails also declined. This was an 

indicator that the weaners were not able to select a diet to meet their nutritional 

requirements for growth. 

As livestock were being sold off, which decreased stocking rate resulting in 

decreased grazing pressure  and presumably increasing the amount of feed available 

for the residual animals. By November 2007, the average BCS of the residual 

animals had increased to 2.6. These residual animals were now 2 years old with no 

requirements for structural development (growth) and thus any surplus nutrients 

could be directed to fat deposition. 

8.6 Strengths and weaknesses of the study 

Undertaking any rangelands study on herbivore diet selection is problematic when 

the study site involves differences in land systems and differences in grazing 

pressures (past and present) between paddocks. Access to different land types may 

influence herbivore food availability and preference. Herbivores are highly mobile 

and can move between land types. Dung excreted in one location (the monitoring 

sites) could be from grazing in entirely different locations and land types for the 

unstocked paddock. 

In establishing the design of this research project, the dry conditions that ensued for 

virtually the entirety of the study period were not predicted or planned for. In 

hindsight it should have been as in the rangelands there is a high probability of a dry 

season. Nevertheless, the study provided information on the effects of ongoing dry 

conditions on short term seasonal vegetation as a sub-component of range condition 

in the region. 

The major weakness of this study was the limited ability to collect regular data. This 

was predominantly a consequence of management decisions by the property owners 

and the distance to the study site. Additional and more frequent collection of data 

relating to SR, animal production (liveweight, BCS, tail length and circumference) 
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and regular assessment (at least every 3-4 months) of the monitoring sites would 

have strengthened the results obtained from this study.  

Factors, such as land type (soil and vegetation) variability that may have influenced 

the study results were not monitored. In addition, dietary overlap was not monitored 

adequately. The composition and nutritive value of sheep diets was only monitored 

for 8 months, and dietary overlap was also only measured for 8 months, and only 

during a dry year. Ideally it should have been measured from November 2005, to 

Nov 2007, to follow through the different seasons and match up with the full 

complement of animal production data. 

As Blench and Sommer (1999) describe…. “Degraded rangelands are visually much 

less shocking than burnt-down or heavily logged forest; indeed it often takes 

specialist knowledge to interpret an image of rangeland”. Managers need to monitor 

their land to ensure insidious land degradation does occur as the health of the 

vegetation and the environment is crucial to maintain animal production. 

8.7 Conclusion 

Having an array of rangeland monitoring measures for the complex heterogeneous 

rangelands environment is needed to increase understanding of how dry conditions 

and drought impact on short term range condition, competitive grazing and 

consequently animal production. During the ongoing dry conditions, the managers of 

the study site had to change their management plans of the sheep, which ultimately 

lead to the destocking of the property. The results from this study have provided 

further information and insight of the effects of drought on a pastoral station located 

in the southern rangelands of WA.  However, as the study was predominantly 

observational, the statistical findings are very weak. 

 

 Future Study 

With expansion of plant DNA databases, fDNA analysis is a useful tool to 

determining dietary components and dietary overlap of herbivores grazing in 

extensive areas, such as the rangelands of Australia. Evaluation of the usefulness of 

new DNA methodologies such as NGS to determine the diet of grazing herbivores is 

warranted.  
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Future research should focus on analysing more rangeland plants for their nutritive 

value as well as DNA identification. This should be combined with ongoing 

assessment of analysis of livestock production and their dietary overlap with native 

and feral animals to strengthen the findings of the studies reported in this thesis. 
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Appendix 1: Plant Scans 
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Appendix 2: Monitoring Sites 
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Site 2 (R2) located approximately 2 km from the water point 
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Site 3 (R3) located approximately 3 km from the water point 
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Site 4 (R4) located approximately 4 km from the water point 
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Site 5 (R5) located approximately 5 km from the water 
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Site 6 (R6) located approximately 6 km from the water point. NOTE: No target 

plants were selected at this site, it was chosen for when the rains came and there 

would be a selection of annual plants! 
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Site 7 (R7) located approximately 5 km from the water point, a deliberate outlier on 

the edge of a salt lake. 

 

  

June 2006 April 2007 

  

June 2007 28 June 2007 

  

27 September 2007 18 November 2007 

 



 

156 

Stocked Paddock (Homeward Bound) 
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Site 4 (S4) located approximately 4 km from the water point 
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