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Executive Summary 

Australia has a population of about 600,000 feral camels (Glen Edwards, pers. com) with numbers increasing dramatically. Populations are estimated as doubling every six to eight years. To maintain stability, about 10% of the population have to be taken out each year (Dörges & Heucke 1995). Long term significant and economical viable reduction in feral camel numbers can only be achieved by creating the prerequisites for a permanent supply to the camel industry.

This project provided the methodology for an effective and continuous control of camels. Training programs for aboriginal and pastoral land holders on how to harvest and manage camels from the wild have been undertaken and will be continued by CACIA members. Basic information on the capture and handling of camels is available in CACIA (2002). 

To meet the demand of the industry for reliable supply, camels will have to be kept in paddocks. To reduce or avoid adverse impacts on the vegetation indicator safe camel stocking rates for the various land types were established. These will be communicated to aboriginal and pastoral land managers. 

This project demonstrates that it is possible to keep camels in an environmental sustainable way. Long term monitoring (12 years) indicates that preferentially grazed species are still present at current camel stocking rates and their extent depends on rainfall. Protection mechanisms for plant species known to be severely affected by camels will be advised to aboriginal and pastoral land managers. Sustainable management of camels will offer Aboriginal communities and pastoralists the potential for diverse income. 

The following report gives scientific background information on the establishment of sustainable stocking rates for camels. By including significant aspects from long term investigations into camel ecology it also provides best practice recommendations to interested community groups.

A shorter version of this report will be produced as a publication for distribution to land managers and government agencies to be used as a guide to achieving environmental protection and sustainability. 

1. Introduction

The camel (Camelus dromedarius) is only known in it’s domesticated form; the wild ancestor already became extinct in prehistoric times. In Australia, camels were released into the wild in the early 1900’s with the advent of motorised transport and only here do large feral populations exist. They are the descendants of the animals that had been imported between 1840 and 1907. Originally coming from areas, which are much more challenging in any respect, the camel found itself in an environment coming close to an optimum. Up to now there have not been any limiting factors for the growth of camel populations in Australia. The food supply is always sufficient. There is neither a natural predator, nor do diseases have a serious impact on the numbers.

Although the camel is a relatively slow breeder compared to other introduced species, the critical number for severe population increase seems to have been achieved. Aerial surveys from August to October 2001 result in camel numbers of 200.000 for the Northern Territory alone and estimate the camel population for arid Australia at approximately 600.000 (Glen Edwards, pers. com.). Population characteristics demand that about 10% of the population has to be taken out every year to maintain zero growth (Dörges, Heucke 1995). Long term significant and economical viable reduction in feral camel numbers can only be achieved by creating the prerequisites for a permanent supply to the industry. Therefore aboriginal and pastoral land managers have to be educated to harvest and manage camels from the wild and at the same time guarantee a regular supply to the camel industry. To meet the demand of the industry for reliable supply, camels will have to be kept in paddocks, at least for a certain period of time. Camels use more than 80% of the available plant species, including some which are rare or endangered. With some of their preferred food plants camels even have the potential to contribute to their extinction. To reduce or avoid adverse impacts on the vegetation and protect biodiversity, ecologically sustainable management procedures have to be established for various habitat and land types of arid Australia. Protection mechanisms for plant species known to be severely threatened by camels have to be advised to pastoral and aboriginal land managers. This project aims to give scientific advice to interested community groups, regarding which areas are suitable for the establishment of camel holding paddocks and what measures are to be taken so that the environmental impact is minimal.

This report not only summarises the results of on-ground work during this project, but also includes significant aspects from long-term investigations into camel ecology to provide best practice recommendations to interested community groups.

Objectives:

Short-term objectives of this project are:

· to educate aboriginal land holders on how to harvest and manage camels from the wild

· to publish indicator safe camel stocking rates for the various land types of arid Australia

· to educate pastoralists and aboriginal land holders on sustainable stocking rates for camels or camel/cattle joint stocking.

The education of aboriginal and pastoral land holders on how to harvest and manage camels from the wild is an ongoing process and training programs will be continued on request by CACIA members.
2. Methods

Impact on the vegetation

To assess the impact on the vegetation, data from 5 producer demonstration sites (PDS) are taken into account. In the main reference area of Newhaven, data from an observation period of 12 years are considered. The additional reference area at Waite River covers an observation period of 5 years. At the remaining producer demonstration sites New Crown Station, Henbury Station and Narwietooma Station, additional data is collected during the period of this project. Another PDS, the newly established camel holding paddock in the Haasts Bluff Aboriginal Land Trust (in coordination with Tjuwanpa Resource Centre), was meant to be part of the vegetation study. Unfortunately delays in establishing this particular camel holding paddock resulted in this area being unsuited to the vegetation investigations of this project (i.e., no quantified browsing pressure on the vegetation over a minimum period of time). Additional previous records of food plants were collected at Ringwood Station, Todd River Station, Allambi Station, Horseshoe Bend, Angas Downs and Curtin Springs between 1984 and 1989. The location of all sites is shown in Figure 1.
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Figure 1: Location of investigated areas

2.1. Direct observation

The food spectrum of the camels was determined qualitatively and quantitatively by direct observation. In the areas Newhaven and Waite River, the camels are accustomed to the observer and allow an observation distance of a few meters which is sufficient for the determination of preference of most of their food plants in the field. At these producer demonstration sites (PDS) the camels had radio transmitters and therefore they could be found and observed at any time. In the additional sites, due to the lack of radio transmitters, the camels could only be observed by chance. Although these camels could only be sighted irregularly, their whereabouts could often be determined by evaluating tracks. 

At regular intervals the food intake of the camels in the different vegetation units, was specifically observed. For a quantitative registration each 100 bites of one or more animals were recorded by direct observation to assess food preferences. These evaluations were used to establish the palatability index in the list of observed food plants. 

2.2. Transects

2.2.1. Ground vegetation

To allow direct comparisons with previous vegetation analyses, the same method for assessing the ground vegetation was applied (Dörges & Heucke 1995). Transects were laid, using a 100m rope. Each plant which touched the rope was classified and measured to analyse the spectrum of species and the extent of covering of the random sample. These vegetation analyses were done directly in the area where the camels stayed, to be able to correlate the supply with the actual consumed food plants.

Furthermore, permanent transects of 100m length marked with posts were established in habitats already defined in 1989. Here the ground vegetation was recorded according to the above described method, to register the habitat specific vegetation seasonally. These fixed ground vegetation lines were monitored in 2001 and 2002. 

2.2.2. Key species from the ground vegetation

To demonstrate the impact of camel browsing on preferred species from the ground vegetation, additional transects with comparable ground conditions inside and outside the camel holding paddocks were investigated, counting these key species only. With most of the preferred food plants from the ground, the above described method, using a 100 m transect and counting individuals touching the rope, was sufficient. With the Bush potato (Ipomoea costata) however, due to the characteristics of this species, an alteration of the method was necessary. Here transects of 10 m width and 500 m lengths were investigated.

2.2.3. Tree and shrub vegetation

To determine the browsing intensity on the tree and shrub vegetation, transects were established inside and outside of the respective camel holding paddocks. The location of each transect was recorded using a global positioning system (GPS). With the help of a 100m rope the transects of 200 metres lengths were laid. Every shrub and tree growing on the transect was identified and height measured and any browsing or trampling was recorded. The abundance of shrubs and trees was recorded in 7 size classes (<0.25m, <0.5m, <1m, <2m, <4m, <8m and >8m). Browsing intensity was classified in 6 categories: (0=not browsed; 1=nibbled; 2=slightly browsed, (normal camel browsing); 3=regularly browsed, some branches broken; 4=heavily browsed, nearly destroyed, most branches broken; 5=destroyed, no regrowth after rain). Canopy cover was measured.

2.3.  Simple procedures for the protection of endangered plants and sensitive areas

At the main reference area Newhaven, enclosure studies were undertaken. To protect highly preferred food plants from camel browsing, a stand of Acacia sessiliceps was fenced in with “camel proved” fence. Furthermore a claypan which was regularly used by the camels as a watering point was fenced in, using the same material. Both experiments proved successful. The tested “camel proved” fence is of the following design:

A standard cattle fence (3 lines barbed wire) is extended in height to at least 1.6 metres. The additional top wire is made visible by adding light reflecting objects (ie. empty beer cans). These are put on small pieces of plain wire (like pearls on a string) which are then tied onto the top barbed wire. The result is a higher, much more visible and on windy days even audible fence. 

2.4. Producer Demonstration Sites

The PDS were selected according to the length of time the camels were kept in the respective holding paddocks. Additionally a variety of habitats were selected and included.

At all producer demonstration sites the quantitative assessments were performed in various vegetation units inside the camel holding paddocks and in comparable habitats adjacent to the fence.

2.4.1. Newhaven 

The quantitative assessments were performed in the camel management paddock. Additional information was collected on the whole property. The camel management paddock of 213 km² was established in 1987. Camel densities grew from 0.3 to 1 camel per km² until 1995. During the period of this study the experimental density inside the paddock was 2 camels per km². Outside the camel management paddock the density is between 0.5 and 1 camel per km².

In a small area the camel management paddock contains the most typical landforms and vegetation units for Central Australia. Perry et al. (1961) distinguish between Simpson, Singleton, Titra and Amadeus land systems. The southern part (45 km²) is dominated by dune fields and sand plains of the Simpson and Singleton systems. The Simpson system is marked by parallel dunes with steady flanks, few drifting sand particles, red dune sands, and red clay sands between the dunes. The Singleton system is distinguished by even or mildly undulating plains with clay sands. The characteristic plant for both systems is the Spinifex, in this area particularly the Hard Spinifex Triodia basedowii. Woody plants like Desert Oaks (Allocasuarina decaisneana) and Grevilleas (Grevillea eriostachya, G. stenobotrya) characterise the vegetation of the sandy soils. In denser vegetation units various Acacia species are to be found, mainly Umbrella Bush (Acacia ligulata) and Black Gidgee (Acacia pruniocarpa).

The biggest part of the camel management paddock (112 km²) is marked by plains of weathered land surfaces of the Titra land system. Open sand areas and loamy depressions with calcareous earths and mainly forb vegetation are to be found here. Scattered clumps of bushes of Dead Finish (Acacia tetragonophylla) and Acacia Bush (Acacia victoriae) pass into extensive dense bushland with Acacia-, Senna-, Eremophila-species and Whitewood (Atalaya hemiglauca). There are occasional alluvial soils with Bloodwood and Ghostgum (Corymbia opaca, Corymbia aparrerinja) and some areas with Spinifex, which apart from the Hard Spinifex also include the Soft Spinifex (Triodia pungens).

The northern part of the camel management paddock (56 km²) is marked by active alluvial fans of the Amadeus land system, characterised by saline pans with Saltbush (Atriplex and Maireana species) and Teatree (Melaleuca species), salt marshes with chenopods and salt lakes partly framed by red sand dunes. These are covered with Soft Spinifex, scattered along the fringes of the salt lakes, Curly-pod Wattles (Acacia sessiliceps) are found.

2.4.2. Waite River

Data from a previous study on the impact of camels on the vegetation are taken into account (RIRDC 2001). The quantitative assessments were carried out in Muller paddock (8,4 km²), and in the DPI paddock (20,9 km²). Additional observations derive from Jasper- and North Bore paddocks, both with a density below 0.5 camels per km². Camel densities in Muller paddock started at 2 camels per km², grew up to a maximum of 4 camels per km² and was reduced to a density of 1 camel per km² in 1999. In 2000 camels were taken out of Muller paddock. In the DPI paddock a density of 1 camel per km² was investigated. Outside of the paddocks at Waite River there are no camels. The camels were imported to Waite River Station in June 1996 and during the first 3 years they were kept only in Muller paddock. In 1999 Jasper and North Bore paddocks were stocked with camels, whereas the DPI paddock was stocked in 2000. 

The paddocks at Waite River have elements from the Sandover and the Alcoota land systems, in Jasper and North Bore also Table Hills. The active flood-plains of the Sandover land system are characterised by upper and middle flood plains, sandy alluvial clayey sands, alluvial sandy red earths and some red earths. The stripped, lightly dissected planed surfaces of the Alcoota land system show undulating plains; red earths; erosional alluvial slopes, texture contrast soils, some stony. The plateaux and terraces of the Table Hills land system show low plateaux, relief up to 50 meters, shallow stony soils, calcareous earths, red clayey sands and red earths.

2.4.3. Narwietooma

The quantitative assessments at Narwietooma Station were carried out in the camel paddock in the north of the property, containing Lignin Bore, Wilkie Bore, Browse Bore, One Pound Jimmy Bore and Lynah Bore. This paddock has 119 km² and is dominated by dune fields and sandplains of the Simpson and Singleton land-system and elements of the Titra land system (described under Newhaven). The paddock has been stocked with camels since the early 1990s. Densities during this study were about 1.5 camels per km². 

2.4.4. Henbury

The quantitative assessments at Henbury Station were carried out in the Meteorite Crater paddock (250 km²). Camels have been kept here since late 1997 with densities between 1 and 2 camels per km². This paddock contains elements of the Chandlers, Simpson, Singleton, Angas, Gillen 1 and Gillen 2 land systems.

Chandlers is characterised by plateaux, ranges and lowlands on deeply weathered sedimentary rocks. Flat top hills, cuestas and mesas of sandstone, siltstone and limestone through the centre of the area; stony slopes and alluvial plains; minor calcareous rises and ridges. Angas land system shows plains and undulating terrain stripped of aeolian sand cover. Undulating plains overlain with red clayey sands, calcareous ridges and rises. Dissected ranges of folded sedimentary rocks, with summit planation of the Gillen land system are described as sand stone and quartzite ranges and vales. Gillen 1 shows rugged and quartzite ranges. Gillen 2 shows colluvial and alluvial fans and floodplains. 

2.4.4. New Crown

The quantitative assessments at New Crown Station were carried out in the house paddock (7 km²). This paddock has been stocked with camels for > 20 years. Densities during this investigation were above 4 camels per km². The paddock at New Crown Station is dominated by active flood plains of the Finke land system, characterised by upper and middle flood-plains; coarse alluvial, calcareous and texture-contrast soils. 

3. Results and Discussion

A total of 342 food plant species of camels in Australia is confirmed by direct observation. Resulting from all observations a preference Index named “palatability” is added to each species. The list is shown below in the appendix in Table 1.

Camels feed on more than 80% of the vegetation in arid Australia. Generally they are very flexible with their food selection. They mostly use the freshest plant species, ignoring many other potential food plants. But they also show distinctive preferences for some plant species regardless of their supply. Being browsers they eat their food selectively. During dry periods leaves from trees and shrubs are the major components. In the wet season they predominantly utilise the ground vegetation, mainly forbs. Camels in Australia feed up to 95% on dicotyledons, but grasses are of some dietary importance mostly after rainfall when forbs are not yet available. 

Due to the extremely variable precipitation pattern in Central Australia and particularly clear differences during the study period a general utilisation pattern with regard to the palatability of food plants could only be obtained in the long term. A two year field study, as proposed in this project, was too short to detect the full spectrum. Therefore all previous records regarding the food selection of camels in various habitats and additional observation sites as shown in Figure 1 are taken into account. One example may demonstrate this flexibility: Silver Sida (Sida fibuliformis) was predominantly eaten in the dry year of 1996 with annual rainfall of 74.8 mm in the camel management paddock at Newhaven. In 1997, which represents an average year with 319.3 mm annual rainfall, Silver Sida was even more abundant but hardly touched by the camels due to the abundance of other, more palatable plant species. The same pattern was observed with other food plants in other years and/or other areas. Most of all it has to be mentioned at this stage that due to the known flexibility of camels food selection, the list of observed food plants does not pretend to be comprehensive. 

Results to demonstrate the impact of camels’ browsing on the ground vegetation come from long term investigations at Newhaven and Waite River. 

Following 2 exceptionally good years with extremely high rainfall in the camel management paddock at Newhaven (834 mm in 2000; 691 mm in 2001, with an annual average of 300-350 mm for the region), the observation period from April 2001 to March 2002 was also characterised by extremely good conditions. Only from April 2002 onwards conditions started to become dry, leaving the last year with just 108 mm of rain. As a function of the previous good rains all fixed transect lines, which were established in 1989 and monitored in 2001 and 2002, showed more ground cover and no decrease in diversity. Accordingly a negative influence of camels’ browsing on the general condition of the ground vegetation could not be demonstrated within the time frame of this project. 

With preferred food plants however a significant difference was monitored inside and outside of the holding paddocks. Several quantitative assessments performed at PDS with different camel densities demonstrate this general trend. The abundance of prickly herbs for example, which may be considered undesirable by some pastoralists, clearly decrease in camel holding paddocks as shown in Table 2. 
Table 2: Camel’s impact on species with low value to cattle, example from Waite River

Key species



camel paddock

outside 






(3 camels/km²)

(no camels)

Bindieye

Tribulus eicherianus


n = 9



n = 112

Individuals browsed


n = 9



n = 0

Cartwheel Burr

Sclerolaena cornishiana

n = 0



n = 5

Individuals browsed






n = 0

Goathead Burr

Sclerolaena bicornis


n = 1



n = 24

Individuals browsed


n = 1



n = 0

While the reduction of these “less desired” species may be considered convenient, camels also have the ability to reduce other preferred species from the ground vegetation including some which are rare or endangered. Lawrencia squamata belongs to this category. Quantitative assessments of 2 other Lawrencia species in the camel management paddock demonstrate the long term impact of camel’s browsing on these preferred food plants as shown in Table 3. As all Lawrencia species are preferred by camels, it seems reasonable to assume that the rare species will be severely affected too.

Table 3: Camel’s impact on key species in a saltmarsh, example from Newhaven

Key species


camel paddock

outside camel paddock





2 camels/km²


0.5-1 camels/km²

Lawrencia viridigrisea

n = 11



n = 67

Individuals browsed


n = 11



n = 12

Lawrencia glomerata


n = 12



n = 29

Individuals browsed


n = 12



n = 8

Ground cover both species

4.55 %



23.50 %

Some important bush food plants are also severely affected by camels’ browsing, which is demonstrated by quantitative assessments of the Bush potato, Ipomoea costata. Counts of this key species on 500 x 10 m sized transects revealed a total of 18 plants inside the camel management paddock, whereas outside a total of 167 individuals was counted. Inside all individuals were browsed and none was flowering, whereas outside less than 10 percent was browsed and 85 individuals (>50 %) were in flower. The same browsing pressure applies to other preferred herbs and small woody plants, like Buckbush Salsola kali,  Tar vine and all other Boerhavia species, Bird Flower Crotalaria cunninghamii, Tickweed Cleome viscosa, Apple Bush Pterocaulon serrulatum and Pterocaulon sphacelatum, and all Swainsona species. 

In the camel management paddock at Newhaven, where the composition of the ground vegetation is monitored since 1986, no species disappeared. Even the most preferred (and therefore nearly eaten out) species came back with the next rain. The annual distribution and amount of precipitation dictates the extent of the development of the ground vegetation, which is generally short lived. Immediately after rainfalls perennial grasses are preferred, until the forbs have grown up. Temporary mass developments of forbs are used by the camels almost exclusively: in winter Fabaceae of the genus Swainsona, the White Paper Daisy Rhodanthe floribunda, as well as Zygophyllaceae of the genuses Tribulus (Caltrop, Bindieye) and Zygophyllum (Twinleaf); in summer Nyctaginaceae, mainly Boerhavia-species (Tar Vine), Portulacaceae like Portulaca- and Calandrinia-species (Parakeelya), and Fabaceae with Indigofera species. Some forbs and small herbaceous plants are being eaten by the camels throughout the whole year. Succulent Chenopodiaceae like the Ruby Saltbush Enchylaena tomentosa, Buckbush Salsola kali and various Sclerolaena-species (Burrs) are among them. 

Comprehensive investigations on co-grazing cattle and camels at Waite River revealed no consistent significant difference for any pasture attribute (species mix, quantity, or ground cover) that could be attributed to cograzing camels with cattle. The pasture assessments in this project showed that cattle producers do not need to be overly concerned about camels and cattle competing for pasture in wooded country of Central Australia. It can be expected that there would be less quantity of forbs available in cograzed paddocks, but that grass production would be the same as in a paddock stocked with cattle only (RIRDC 2001). 

Although the impact of camel’s browsing on the ground vegetation is considered to be of minor concern, selective feeding upon rare occurring plant species can have a reducing effect on their local population. 

While the impact of camels’ browsing on the ground vegetation does not contribute to a loss of diversity, their continual browsing can have a serious impact on some shrub- and tree species. According to the palatability index in Table 1 there are 3 tree species recorded so far where camels’ browsing is considered to be of serious concern. These are the Curly-pod Wattle Acacia sessiliceps, the Bean Tree Erythrina vespertilio and the Quandong Santalum lanceolatum. Left unprotected inside a camel holding paddock, even with a low density of camels, there will be no regrowth of these species in the long term, as camels regularly revisit the newly grown plants and often completely defoliate them. Protective measures, as described below, are strongly recommended for these species, to protect biodiversity. Other preferred shrubs and trees are also under pressure: Plumbush (Santalum lanceolatum) and Supplejack (Ventilago viminalis) will always be heavily browsed by camels. Plumbush had the highest browsing pressure index at Waite River, raising concern for the survival of this species within camel holding paddocks (RIRDC 2001). At Henbury however, Plumbush still thrived inside the camel holding paddock. The same browsing pressure applies to other woody plants with the palatability index of 6 in Table 1, like Whitewood (Atalaya hemiglauca), Long-leaved Desert Fuchsia (Eremophila longifolia), Saltbushes (Atriplex nummularia, Rhagodia eremaea, R. spinescens) and several Acacia species. In contrast to the above mentioned 3 species which might become endangered due to camels’ browsing, these extremely preferred food plants had always recovered after rains or showed good regrowth in spite of camels’ browsing in all investigated areas. 

However, if camel densities increase to much higher levels, it can be expected that all traditional aboriginal bush food plants will be under threat (Peter Latz, pers. com.). 

At 5 PDS standardised shrub and tree transects were investigated in 2001 during a relatively wet period of time and revisited in 2002, when conditions were dry. The number of sites per study area differs due to the number of different habitat types. Evaluations of the quantitative assessments of the tree and shrub vegetation indicate no serious impact of the camels on the vegetation with current densities. Table 4 shows the summarised results of damage to the shrub and tree vegetation.

Table 4: Summarised results from standardised shrub- and tree transects, percentage of browsed shrubs inside and outside the holding paddocks, split according to browsing intensity.

BI

NH

WR

NW

HB

NC

Number of sites
40

40

20

25

12



o
i
o
i
o
i
o
i
o
i

camels/km²
0.8
2
0
1
0.7
1.5
0.7
1.5
0.8
4

1

6.96
6.2
0
2.3
4.8
2.6
4.6
11.4
7.9
8.7

2

5.27
6.8
0
4.8
2.1
7.7
2.9
10.7
1.8
17.4

3

1.26
7.1
0
8.3
1.5
12.2
1.2
8.3
0.6
13

4

0
6.4
0
3.9
0
2.6
0.6
4.4
0
9.6

5

0
0.8
0
0.2
0
1.1
0
0
0
7

Total

13.5
27.3
0
19.6
8.4
26.2
9.3
34.9
10.4
55.6

BI = Browsing Intensity as described in Methods:

NH = Newhaven, WR = Waite River, NW = Narwietooma, HB = Henbury, NC = New Crown

o = outside holding paddock, i = inside holding paddock

As shown in Table 4. there is negligible damage to the tree and shrub vegetation outside the holding paddocks with current densities between 0.5 and 0.8 camels per km². Between 8.4 and 13.5% of all shrubs and trees outside the holding paddocks showed signs of being browsed by camels but only rarely in a high intensity. Inside a holding paddock however the situation changes. Due to the restrictions by the fence the camels visit some places more often and regularly revisit preferred food plants. These mechanisms inevitably lead to more intensive browsing pressure, especially on preferred food plants. This “paddock effect” however can be compensated by adjusting the stocking rates. 

The most extreme impact of camels browsing was observed and measured inside the camel holding paddock of New Crown Station. Here the camels are used to ‘keep the paddock open’, i.e., control the thickening of woody species, a goal which they certainly have achieved. Inside this paddock the Athel Pine (Tamarix aphylla) has virtually no chance to spread any further. All individuals up to the size of 4 meters height were quantitatively killed and no regrowth of this extremely undesired species was recorded. While the Athel Pine outside this paddock was normally distributed in all size classes, inside only individuals higher than 6 meters had survived the ‘camel treatment’. These remaining individuals quantitatively showed a browsing horizon of intensity class of 5, which means that all edible plant material within camels’ reach was consumed. It has to be mentioned though, that all other preferred food plants had suffered heavily under these conditions too. 

At all other PDS where the density inside the holding paddock is about 2 camels per km² or below, the impact of the camels was clearly visible. Preferred shrubs were intensely browsed and preferred trees showed a browsing horizon. However no serious impact, in term of loss of species, was recorded. 

Some shrubs even seem to benefit from camels’ browsing, especially some Acacia species (A. tetragonophylla, A. pruniocarpa, A. victoriae, A. ligulata) and Whitewood (Atalaya hemiglauca). Regularly trimmed they obviously produce more leaves and appear healthier than those which are untouched. The Australian shrub and tree vegetation seems to be adapted to a certain browsing pressure although there are no large native browsers around. Most likely the camel nowadays occupies the ecological niche of the Australian megafauna, which became extinct about 10-20,000 years ago. This adaptation to browsing becomes visible for example with Acacia Bush (Acacia victoriae). Due to long term browsing by camels, as demonstrated in the camel management paddock at Newhaven and in the house paddock at New Crown, Acacia Bush quantitatively developed thorns of up to ten millimetres length. At the other PDS, where the camels arrived only recently, the prickles of Acacia Bush are much smaller or absent. In areas without any browsing (neither camels nor cattle), Acacia Bush is more or less spineless. 

With some shrubs, especially those which are considered as woody weeds, camels’ browsing can be used as an effective control mechanism. Trials in Queensland regarding the control of Parkinsonia (Parkinsonia aculeata) and Prickly Acacia (Acacia nilotica) demonstrate an effective control of these undesired species by camels alone (Peter Seidel, pers. com.). In some places in Central Australia Mimosa Bush (Acacia farnesiana) can develop impenetrable thickets. As camels favour these prickly bushes, a control on this species can be achieved, provided the camels remain in the paddock where a long term control is the goal. In Muller paddock at Waite River for example Acacia farnesiana had virtually disappeared and did not recover while the camels were kept there. When the camels were taken out in 2000 and good rains followed in 2001, the species reappeared.

To address concerns that some plant species have to be protected from camels’ access, enclosure studies were carried out at Newhaven. Trials with “camel proved” fence which design is described in Chapter 2 were set to test if simple measures would work in the longterm. It was successfully proved to fence in water holes and claypans to keep the camels out, providing protection to these habitats and their fragile vegetation. Furthermore it was proved that it is possible to prevent camels’ browsing on highly preferred plant species like Curly-pod Wattle (Acacia sessiliceps). An area with heavily browsed Acacia sessiliceps was fenced in. No further damage and even regrowth occurred. Acacia sessiliceps is rare in the Northern Territory and was severely affected in all study areas where it naturally occurs. Simple measures of negligible expense proved to be successful in the longterm to keep camels out of certain areas and protect endangered species. At the same time the impact of camels on Applebush (Pterocaulon serrulatum and P. sphacelatum ) could be demonstrated. Inside the enclosure this species thrived, whereas outside it was heavily browsed, as documented in Figure 2. 
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Figure 2: 
Impact of camels on Applebush; left side of photograph shows area inside enclosure for Acacia sessiliceps at Newhaven

For a better understanding of the following recommendations some background information on camels’ general ecology is considered to be helpful. Camels are non-territorial and are able to travel very long distances, up to 70 km a day. As they are originated in arid areas with extremely sparse vegetation and are not so dependent on water, they evolved a feeding pattern which is totally different to any other introduced herbivore to Australia. Free ranging camels visit a particular feeding ground for a short period of time, browse on the vegetation without destroying it and wander off. They may only return to exactly the same area months or even a year later. In contrast to any other introduced hoofed animal to Australia, the camel has comparatively large feet with soft soles. Unlike all other stock the camel does not contribute to severe trampling, because of the large supporting surface of their feet and the reduction of weight per cm². Compared to hard hoofed animals the camel has only minor damaging effect on the structure of the soil or the vegetation. 

Restricting the movements in paddocks enhances the impact on plants with a high palatability. The animals visit the same tree or shrub more frequently and therefore put a much higher pressure on preferred food plants. Trials with equal stocking rates in paddocks with different sizes showed an unexpected correlation for example on the impact on Long-leaved Desert Fuchsia (Eremophila longifolia) and Plumbush (Santalum lanceolatum). Both species belong to the most preferred food plants of camels. In small paddocks up to 20km² these species were heavily browsed or even destroyed, while in large paddocks of 200km² and more an impact was visible, but not that serious. Under free ranging conditions with comparable camel densities both plant species showed a certain browsing but were not under threat. 

On the other hand this effect works very well on dense stands of woody weeds like Parkinsonia (Parkinsonia aculeata) or Mimosa Bush (Acacia farnesiana). Fenced in these species are successfully controlled by camels. This method of counteracting bush encroachment is already practiced with camels in East Africa (Evans & Powys, 1979).

4. Recommendations

Sustainable densities for distinct habitats

As camels utilise nearly all habitats in arid Australia and are well suited for cograzing with cattle, recommendations for sustainable stocking rates in paddocks for the main habitat types are essential. The classification of habitat types follows the description of land systems and pasture types in Shaw & Bastin (no date). Most important for the sustainable management of camels however is the abundance of shrubs and trees. In densely vegetated woodland more camels can be kept sustainable than in open country. The proposed stocking rates are approximate and can be increased during exceptionally good seasons when camels intake comprises more than 90% from the ground vegetation.

Grasses are only of minor importance for camels (about 5% of their total annually diet where other species are available). Therefore habitats dominated by grasses, like Mitchell Grass Plains, are less preferred by camels than those with dicotyledons in the ground layer and browse species. On the other hand, after good rains following a dry period, camels feed predominantly on fresh grass but soon change their diet when forbs appear. During prolonged dry periods when forbs become scarce and the leaves of woody plants dry up and are less palatable, camels increase feeding on dry grasses if a regular water supply is provided.

1. Open Woodland

Open woodland is one of the main preferred habitats. It provides a large variety of food plants all year round. Main food plants are Whitewood (Atalaya hemiglauca), Acacia Bush (Acacia victoriae), Dead Finish (A. tetragonophylla) and Mulga (A. aneura).

Recommended stocking rates for open woodland are 1-1.5 camels per km² depending on the density of shrubs and trees in average seasons. During a prolonged drought the numbers have to be reduced to 0.5 camels per km². 

2. Open Woodland Ironwood

Ironwood (Acacia estrophiolata) belongs to the main food plants. Even young ironwood is regularly eaten. Camels in high densities (up to 10 per km²) can be used to open up dense stands of young ironwood. Ironwood is locally very common and in some areas in Central Australia young ironwood is considered a ‘woody weed’. To reduce young ironwood with camels would probably require high densities and other plant species preferred by camels would be likely to suffer heavily under such conditions. Sustainable stocking rates are 1-2 camels per km². During dry times the numbers should be reduced to 0.5 camels per km².

3. Open Woodland Gidgee

Gidgee (Acacia georginae, A. cambagei) is eaten all year round but especially when in flower or with seeds. In summer it provides excellent resting places in the shade of the trees. Additional food plants, growing underneath the Gidgee are Spiny- (Rhagodia spinescens), Tall-(R. eremaea) and Ruby Saltbush (Enchylaena tomentosa). The plant diversity in the Gidgee Woodland is relatively low. Few other woody species are found amongst the Gidgee trees and only a few forbs grow under the canopy. Therefore a sustainable stocking rate for this habitat is quoted at 0.5-0.8 camels per km² in normal seasons and 0.2-0.3 camels per km² in dry times. At times in Western Queensland and eastern Northern Territory Georgina Gidgee produces sodium monofluoroacetate (the active ingredient in the animal poison 1080), a poison to stock and camels. Camels which live in this area have adapted their feeding behaviour, rarely browsing on Gidgee when it is poisonous. Nevertheless, producers should be aware of this potential danger. 

4. Mulga Woodland

Mulga (Acacia aneura) is a regularly used food plant. Camels tend to utilise branches above 2 meters hight to avoid the more bitter tasting lower branches. During dry times cattle regularly browse on Mulga branches torn down by camels. Recommended stocking rate: 1-2 camels per km²; in dry times 0.5 camels per km². 

5. Witchetty Shrubland

Witchetty Bush (Acacia kempeana) does not belong to the preferred food plants and is mostly used when in fruit. Sometimes big single bushes neither in flower nor in fruit are totally destroyed and eaten, while all others surrounding it are untouched. Recommended stocking rate: 1 camel per km²; in dry times 0.5 camels per km². 

6. Spinifex Sandplains and Sand Dunes

Sandplains and Sand Dunes provide a good food supply all year round. Main food plants are Umbrella Bush (Acacia ligulata), Long-leaved Desert Fuchsia (Eremophila longifolia), Grevilleas (Grevillea juncifolia, G. stenobotrya, G. eriostachya), Desert Poplar (Codonocarpus continiifolius) and in the northern part Black Gidgee (Acacia pruniocarpa). Seeds of Hard Spinifex (Triodia basedowii) are regularly eaten and Soft Spinifex (T. pungens and especially T. salina) provide an additional proportion to camels’ diet. Stocking rates for sandplains depend very much on the abundance of shrubs and trees. Habitats with Hard Spinifex usually have a much higher diversity of woody species and therefore provide more food. The recommended stocking rate is 1.5-2 camels per km²; in dry times 0.5-1 camels per km². Sandplains with Soft Spinifex are often more open and only sparsely vegetated with shrubs and trees. Recommended stocking rates for these more open habitat types are 0.5-1 camels per km², in dry times not more than 0.3 camels per km².

7. Calcareous Shrubby Grassland

Calcareous Shrubby Grassland provides a large variety of food plants all year round like Dead Finish, Acacia Bush, Whitewood, Mulga and Witchetty Bush. The recommended stocking rate is 1.5 camels per km², during dry times not more than 0.5 camels per km² as calcareous soils dry up much quicker. 

8. River Frontage

With their lush shrub and tree vegetation Floodouts and Floodplains and Riverbanks provide more or less nearly all preferred camel food plants in very high abundance like Supplejack (Ventilago viminalis), Acacia Bush, Whitewood, Mimosa Bush (Acacia farnesiana), Native Willow (A. salicina) and a lot of rarer species like Plumbush (Santalum lanceolatum) or Native Apricot (Pittosporum phylliraeoides). The recommended stocking rate is 2-3 camels per km², in dry times 1 camel per km².

9. Salt Marshes

Salt Marshes with succulent Samphire (Halosarcia sp.) cover provide good food during dry times although lacking of shrubs and trees. During summer camels avoid this habitat at least during the hottest time of the day due to the intensive sun radiation which is enhanced by the strong reflection from the ground. In winter camels use the salt marshes regularly because of a rich abundance of herbs like Lawrencia species, Swainsona species and some species of Twinleaf (Zygophyllum sp.). Furthermore these plants provide the salt, which is essential in the camels diet. Although there are no shrubs and trees in this habitat there are plenty of food plants on the ground. Therefore the recommended stocking rate is 1-1.5 camels per km², in dry times 0.5-1 camels per km². 

In summary, in years with average rainfall a density of one to 1.5 camels per km² seems appropriate for the paddocks investigated. This should apply relatively broadly to woodland country that is among the more productive country for cattle in Central Australia. In high rainfall years with good seasons camel stocking rates can be increased, but should be reduced in dry years, as is practiced with other stock. Landholders have to accept that camels will always put heavy pressure on plant species with high palatability. With most highly affected shrubs and trees, spelling or some form of rotational grazing may be sufficient to protect them in paddocks where camels are kept. However, with Curly-pod Wattle, Beantree and Quandong it is necessary to fence off stands to prevent their destruction. Minimum paddock sizes of 100 km² are recommended to minimise the impact of camel grazing on preferred species.

All stocking rates are recommendations only. 

5. Conclusions

This project obtained objective vegetation utilisation information on camels in Central Australia. In most reference areas a serious impact of camels’ browsing did not occur. Severe damage occurred only on some preferred plant species. Measures to prevent such damage proved successful. This project demonstrates that by applying the correct measures and adapted stocking rates to match the vegetation and seasonal conditions, it is possible to keep camels in an environmental sustainable way.

6. Summary

The impact of camels browsing on the vegetation was quantified at 5 PDS in Central Australia. Additional data from longterm ecological studies was taken into account.
A total of 342 food plant species of camels in Australia is confirmed by direct observation. A preference index named “palatability” is added to each species.
A negative influence of camels’ browsing on the general condition of the ground vegetation could not be demonstrated within the time frame of this project.
With preferred food plants however a significant difference was monitored inside and outside of the holding paddocks.
A serious impact on the vegetation could not be demonstrated in the investigated areas with camel densities lower than 2 per km². 
3 tree species are recorded so far, where camels browsing is considered to be of serious concern. Simple measures proved to be effective to protect these species.
Sustainable stocking rates for camels in paddocks for the major habitat types in Central Australia have been established. 

7. Appendix

Table 1: List of observed food plants of camels in Central Australia

Species nomenclature according to Albrecht et. al., (1997)

Legend:

* = introduced species

Palatability:
1 only eaten when nothing else is available

2 rarely eaten

3 common food plant

4 main food plant at times

5 preferred food plant

6 extremely preferred food plant

7 endangered due to camel’s browsing
Species




Family

Palatability
Common Name

Abutilon fraseri



Malvaceae

4
Dwarf Lantern Flower

Abutilon macrum



Malvaceae

3
Slender Lantern Bush

Abutilon otocarpum


Malvaceae

3
Desert Chinese Lantern

Acacia adsurgens



Mimosaceae

3
Sugar Brother

Acacia aneura



Mimosaceae

5
Mulga

Acacia cambagei



Mimosaceae

4
Gidgee

Acacia coriacea



Mimosaceae

3
Dogwood

Acacia dictyophleba


Mimosaceae

3
Sandhill Wattle

Acacia estrophiolata


Mimosaceae

5
Ironwood

Acacia farnesiana



Mimosaceae

6
Mimosa Bush

Acacia georginae



Mimosaceae

5
Georgina Gidgee

Acacia inaequilatera


Mimosaceae

4
Fire Wattle

Acacia jennerae



Mimosaceae

4
Coonavittra Wattle

Acacia kempeana



Mimosaceae

5
Witchetty Bush

Acacia ligulata



Mimosaceae

6
Umbrella Bush

Acacia maitlandii



Mimosaceae

4
Maitland’s Wattle

Acacia nilotica*



Mimosaceae

6
Prickly Acacia

Acacia peuce



Mimosaceae

3
Waddy Wood

Acacia pruniocarpa


Mimosaceae

5
Black Gidgee

Acacia ramulosa



Mimosaceae

3
Horse Mulga

Acacia salicina



Mimosaceae

5
Cooba, Native Willow

Acacia sessiliceps


Mimosaceae

7
Curly-pod Wattle

Acacia tetragonophylla


Mimosaceae

6
Dead Finish

Acacia victoriae



Mimosaceae

6
Acacia Bush

Acetosa vesicaria
*


Polygonaceae

4
Ruby Dog

Allocasuarina decaisneana


Casuarinaceae

2
Desert Oak

Alternanthera angustifolia


Amaranthaceae

3
Narrow-leaf Joyweed

Amaranthus interruptus


Amaranthaceae

2
Native Amaranth

Amyema maidenii


Loranthaceae

5
Pale-leaf Mistletoe

Amyema preissii



Loranthaceae

5
Wire-leaf Mistletoe

Anthobolus leptomerioides

Santalaceae

6
Desert Broom Bush

Aristida biglandulosa


Poaceae


2
Two Gland Threeawn

Aristida contorta



Poaceae


2
Bunched Kerosene Grass

Aristida holathera



Poaceae


2
Erect Kerosene Grass

Aristida inaequiglumis


Poaceae


2
Unequal Threeawn

Astrebla pectinata


Poaceae


2
Barley Mitchell Grass

Atalaya hemiglauca


Sapindaceae

6
Whitewood

Atrplex holocarpa


Chenopodiaceae

5
Pop Saltbush

Atriplex elachnophylla


Chenopodiaceae

5
Annual Saltbush

Atriplex humifusa


Chenopodiaceae

5
Spreading Saltbush

Atriplex limbata



Chenopodiaceae

5
Spreading Saltbush

Atriplex nummularia


Chenopodiaceae

6
Old Man Saltbush

Atriplex vesicaria



Chenopodiaceae

5
Bladder Saltbush

Blennodia canescens


Brassicaceae

2
Native Stock

Boerhavia coccinea


Nyctaginaceae

6
Tar Vine

Boerhavia diffusa



Nyctaginaceae

6


Boerhavia dominii


Nyctaginaceae

6

Boerhavia repleta



Nyctaginaceae

6

Boerhavia schomburgkiana

Nyctaginaceae

6
Yipa 

Brachiaria gilesii



Poaceae


2
Hairy-edged Armgrass

Brachychiton gregorii


Sterculiaceae

5
Desert Kurrajong

Brachycome ciliaris


Asteraceae

3
Variable Daisy

Brassica turnefortii*


Brassicaceae

3
Wild Turnip

Bulbostylis barbata


Cyperaceae

2
Short-leaved Rush

Calandrinia balonensis


Portulacaceae

5
Broad-leaf Parakeelya

Calandrinia pleiopetala


Portulacaceae

4

Calandrinia pumila


Portulacaceae

3
Tiny Parakeelya

Calandrinia stagnensis


Portulacaceae

4

Calocephalus platycephalus

Asteraceae

3
Yellow Billy Buttons

Calotis hispidula



Asteraceae

5
Bogan Flea

Calotis kempei



Asteraceae

3


Calotis latiuscula



Asteraceae

3
Leafy Burr-daisy

Calotis plumulifera


Asteraceae

3
Woolly-headed Burr-daisy

Calotis porphryoglossa


Asteraceae

3
Channel Burr-daisy

Canthium latifolium


Rubiaceae

5
Native Currant

Capparis mitchelli


Capparaceae

6
Wild Orange

Capparis spinosa



Capparaceae

6
Caper Bush

Carissa lanceolata


Apocynaceae

6
Conkerberry 

Cassytha filiformis


Lauraceae

5
Love Vine

Cenchrus ciliaris*


Poaceae


3
Buffel Grass

Centipeda minima


Asteraceae

2
Spreading Sneezeweed

Chenopodium auricomum


Chenopodiaceae

5
Northern Bluebush

Chenopodium cristatum


Chenopodiaceae

5
Crested Goosefoot

Chenopodium melanocarpum

Chenopodiaceae

5
Black-fruited Goosefoot

Chrysocephalum apiculatum

Asteraceae

3
Common Everlasting

Chrysocephalum eremaeum

Asteraceae

3
Sandhill Everlasting

Chrysocephalum semicalvum

Asteraceae

3
Hill Everlasting

Citrullus lanatus*



Cucurbitaceae

3
Wild Melon

Cleome viscosa



Capparaceae

6
Tickweed

Clerodendrum floribundum

Verbenaceae

2
Smooth Spiderbush

Codonocarpus continiifolius

Gyrostemonaceae

6
Desert Poplar

Convolvulus erubescens


Convolvulaceae

3
Australian Bindweed

Corymbia aparrerinja


Myrtaceae

4
Ghostgum

Corymbia chippendalei


Myrtaceae

3
Sandhill Bloodwood

Corymbia deserticola


Myrtaceae

4
Desert Bloodwood

Corymbia eremaea


Myrtaceae

3
Hill Bloodwood

Corymbia opaca



Myrtaceae

4
Bloodwood

Crotalaria cunninghamii


Fabaceae

6
Bird Flower

Crotalaria eremaea


Fabaceae

5
Desert Rattlepod

Crotalaria smithiana


Fabaceae

5
Yellow Rattlepod

Cuscuta victoriana


Convolvulaceae

5

Cynodon dactylon*


Poaceae


2
Couch Grass

Cyperus bulbosus



Cyperaceae

3
Yalka

Dactyloctenium radulans


Poaceae


3
Button Grass

Dalbergia sissoo*



Fabaceae

2
Himalayan Raintree

Dampiera candicans


Goodeniaceae

4

Dampiera cinerea



Goodeniaceae

2

Dichanthium sericeum


Poaceae


2
Silky Bluegrass

Digitaria ammophila


Poaceae


2
Silky Umbrella Grass

Digitaria coenicola


Poaceae


3
Umbrella Grass

Diplachne fusca



Poaceae


2
Brown Beetle Grass

Dipteracanthus australasicus

Acanthaceae

2

Dodonaea viscosa


Sapindaceae

1
Sticky Hopbush

Dysphania kalpari


Chenopodiaceae

2
Rat-tailed Goosefoot

Dysphania plantaginella


Chenopodiaceae

3
Crumbweed

Dysphania radinostachya


Chenopodiaceae

2
Rat Tails

Einadia nutans



Chenopodiaceae

5
Climbing Saltbush

Enchylaena tomentosa


Chenopodiaceae

5
Ruby Saltbush

Enneapogon avenaceus


Poaceae


2
Native Oat-grass

Enneapogon cylindricus


Poaceae


2
Limestone Oat-grass

Enneapogon polyphyllus


Poaceae


2
Woolly Oat-grass

Enteropogon acicularis


Poaceae


2
Curly Windmill Grass

Enteropogon minutus


Poaceae


2


Eragrostis cumingii


Poaceae


2
Cumings Lovegrass

Eragrostis dielsii



Poaceae


2
Mallee Lovegrass

Eragrostis eriopoda


Poaceae


2
Woollybut Grass

Eragrostis falcata



Poaceae


3
Sickle Lovegrass

Eragrostis lacunaria


Poaceae


2
Purple Lovegrass

Eragrostis leptocarpa


Poaceae


2
Drooping Lovegrass

Eragrostis setifolia


Poaceae


2
Neverfail

Eremophea spinosa


Chenopodiaceae

4


Eremophila duttonii


Myoporaceae

3
Harlequin Fuchsia-bush

Eremophila elderi



Myoporaceae

2
Sticky Fuchsia-bush

Eremophila freelingii


Myoporaceae

2
Rock Fuchsia-bush

Eremophila gilesii


Myoporaceae

1
Mulga Fuchsia

Eremophila latrobei


Myoporaceae

3
Native Fuchsia

Eremophila longifolia


Myoporaceae

6
Long-leaved Desert Fuchsia

Eremophila macdonnelli


Myoporaceae

2
Splended Fuchsia

Eremophila maculata


Myoporaceae

2
Spotted Fuchsia

Eremophila sturtii


Myoporaceae

1
Turpentine Bush

Eremophila willsii


Myoporaceae

1
Sandhill Native Fuchsia

Eriachne aristidea



Poaceae


2
Three-awn Wanderrie

Erythrina vespertilio


Fabaceae

7
Bean Tree

Eucalyptus camadulensis


Myrtaceae

3
River Red Gum

Eucalyptus coolabah ssp. arida

Myrtaceae

3
Coolabah

Eucalyptus gammophylla


Myrtaceae

5
Blue Mallee

Eucalyptus intertexta


Myrtaceae

3
Bastard Coolabah

Eucalyptus pachyphylla


Myrtaceae

3
Red-bud Mallee

Euphorbia australis


Euphorbiaceae

3
Hairy Costic Weed

Euphorbia biconvexa


Euphorbiaceae

4


Euphorbia drummondii


Euphorbiaceae

2
Costic Weed

Euphorbia tannensis


Euphorbiaceae

3
Costic Bush

Euphorbia wheeleri


Euphorbiaceae

2
Wheelers Spurge

Evolvulus alsinoides


Convolvulaceae

3
Blue Periwinkle

Fimbristylis dichotoma


Cyperaceae

4
Eight Day Grass

Frankenia cordata



Frankeniaceae

2
Salty Heath

Galactia tenuiflora


Fabaceae

4
Poison Pea

Glycine canescens


Fabaceae

3
Silky Glycine

Glycine falcata



Fabaceae

5

Goodenia armitiana


Goodeniaceae

3
Narrow-leaved Goodenia

Goodenia lunata



Goodeniaceae

2
Heavy-soil Hand-flower

Goodenia virgata



Goodeniaceae

2


Gossypium australe


Malvaceae

1
Native Cotton

Grevillea eriostachya


Proteaceae

5
Honey Grevillea

Grevillea juncifolia


Proteaceae

6
Desert Grevillea

Grevillea stenobotrya


Proteaceae

3
Sandhill Grevillea

Grevillea striata



Proteaceae

4
Beefwood

Grevillea wickhammii


Proteaceae

3
Holy-leaf Grevillea

Gunniopsis zygophylloides

Aizoaceae

2
Twin-leaf Pigface

Hakea divaricata



Proteaceae

4
Fork-leaved Corkwood

Hakea eyreana



Proteaceae

4
Simpson Desert Corkwood

Hakea leucoptera



Proteaceae

2
Needlewood

Hakea macrocarpa


Proteaceae

3
Flat-leaved Hakea

Hakea suberea



Proteaceae

4
Long-leaf Corkwood

Halosarcia halocneimoides

Chenopodiaceae

4
Grey Glaswort

Halosarcia indica



Chenopodiaceae

4
Brown-head Glaswort

Heliotropium asperrimum


Boraginaceae

4
Rough Heliotropium

Heliotropium diversifolium

Boraginaceae

4

Heliotropium glabellum


Boraginaceae

3

Heliotropium ovalifolium


Boraginaceae

3

Heliotropium pleiopterum


Boraginaceae

3

Heliotropium tenuifolium


Boraginaceae

3
Devil’s Son

Hibiscus krichauffianus


Malvaceae

1
Velvet-leaf Hibiscus

Hibiscus sturtii ssp. platychlamys 

Malvaceae

1
Sturt’s Hibiscus

Hybanthus aurantiacus


Violaceae

2
Orange Spade Flower

Hybanthus enneaspermus


Violaceae

2
Blue Spade Flower

Indigofera basedowii


Fabaceae

5
Showy Indigo

Indigofera colutea


Fabaceae

4
Sticky Indigo

Indigofera georgei


Fabaceae

4
Georges Indigo

Indigofera helmsii


Fabaceae

4


Indigofera hirsuta



Fabaceae

4
Hairy Indigo

Indigofera linnaei



Fabaceae

5
Nine-leaved Indigo

Ipomoea costata



Convolvulaceae

6
Bush Potato

Ipomoea muelleri



Convolvulaceae

2
Native Morning Glory

Iseilema macrantherum


Poaceae


2
Bull Flinders Grass

Iseilema vaginiflorum


Poaceae


2
Red Flinders Grass

Jasminum lineare



Oleaceae

6
Native Jasmin

Keraudrenia integrifolia


Sterculiaceae

2

Lawrencia glomerata


Malvaceae

6
Clustered Lawrencia

Lawrencia squamata


Malvaceae

6

Lawrencia viridi-grisea


Malvaceae

6

Lechenaultia divaricata


Goodeniaceae

5
Wire Bush

Lepidium muellerifernandi

Brassicaceae

5
Muellers Peppercress

Lepidium phlebopetalum


Brassicaceae

5
Veined Peppercress

Leucochrysum stipitatum


Asteraceae

3
Spinifex Everlasting

Lysiana exocarpi



Loranthaceae

6
Harlequin Mistletoe

Maireana astrotricha


Chenopodiaceae

5
Southern Bluebush

Maireana georgei



Chenopodiaceae

5
Golden Bluebush

Maireana luehmannii


Chenopodiaceae

5

Maireana planifolia


Chenopodiaceae

5

Maireana scleroptera


Chenopodiaceae

5

Maireana triptera



Chenopodiaceae

5
Three-wing Bluebush

Malvastrum americanum


Malvaceae

4
Spiked Malvastrum

Marsdenia australis


Asclepiaceae

6
Bush Banana

Marsilea exarata



Marsileaceae

3
Little Nardoo

Melaleuca glomerata


Myrtaceae

3
Inland Teatree

Melaleuca lasiandra


Myrtaceae

3
Sandhill Teatree

Melhania oblongifolia


Sterculiaceae

3
Velvet Hibiscus

Minuria denticulata


Asteraceae

2
Woolly Minuria

Muehlenbeckia florulenta


Polygonaceae

4
Lignum

Neobassia astrocarpa


Chenopodiaceae

4


Neurachne munroi


Poaceae


2
Dwarf Mulga Grass

Newcastelia spodiotricha


Verbenaceae

1
Sandhill Sage

Nicotiana benthamiana


Solanaceae

2
Wild Tobacco

Nicotiana occidentalis


Solanaceae

2
Native Tobacco

Nicotiana rosulata


Solanaceae

2
Sandhill Pituri

Othonna gregorii



Asteraceae

5
Annual Yellow Top

Panicum decompositum


Poaceae


2
Native Millet

Panicum effusum



Poaceae


2
Hairy Panic

Paractaenum novae-hollandiae

Poaceae


2
Reverse Grass

Paractaenum refractum


Poaceae


2
Bristle-brush Grass

Parkinsonia aculeata*


Caesalpinaceae

6
Parkinsonia

Paspalidium reflexum


Poaceae


2

Phyllanthus fuernrohrii


Euphorbiaceae

3
Sand Spurge

Pimela trichostachya


Thymelaceae

3
Spiked Riceflower

Pittosporum phylliraeoides

Pittosporaceae

6
Native Apricot

Pluchea dunlopii



Asteraceae

2

Pluchea rubelliflora


Asteraceae

2

Pluchea tetranthera


Asteraceae

2
Pink Plains Bush

Podolepis canescens


Asteraceae

3
Grey Podolepis

Podolepis cappillaris


Asteraceae

2
Wiry Podolepis

Portulaca intraterranea


Portulacaceae

5
Buttercup Pigweed

Portulaca oleracea


Portulacaceae

6
Munjeroo

Portulaca pilosa



Portulacaceae

5


Pterocaulon serrulatum


Asteraceae

6
Apple Bush

Pterocaulon sphacelatum


Asteraceae

6
Apple Bush

Ptilotus astrolasius


Amaranthaceae

2

Ptilotus calostachyus


Amaranthaceae

4
Weeping Mulla Mulla

Ptilotus clementii



Amaranthaceae

2
Limestone Pussycats Tails

Ptilotus helipterioides


Amaranthaceae

3
Hairy Mulla Mulla

Ptilotus latifolius



Amaranthaceae

3
Tangled Mulla Mulla

Ptilotus macrocephalus


Amaranthaceae

5
Large Green Pussy-tails

Ptilotus obovatus



Amaranthaceae

4
Silver Bush

Ptilotus polystachyus


Amaranthaceae

5
Long Pussy-tails

Ptilotus sessilifolius


Amaranthaceae

4
Crimson Foxtail

Ptychosema anomalum


Fabaceae

4

Rhagodia eremaea


Chenopodiaceae

6
Tall Saltbush

Rhagodia spinescens


Chenopodiaceae

6
Spiny Saltbush

Rhodanthe charsleyae


Asteraceae

3
Small Yellow Daisy

Rhodanthe floribunda


Asteraceae

5
White Paper Daisy

Rhodanthe moschata


Asteraceae

4
Musk Daisy

Rhynchosia minima


Fabaceae

6
Native Pea

Ricinus communis*


Euphorbiaceae

5
Castor Oil Plant

Salsola kali



Chenopodiaceae

6
Buckbush

Santalum acuminatum


Santalaceae

7
Quandong

Santalum lanceolatum


Santalaceae

6
Plumbush

Sauropus trachyspermus


Euphorbiaceae

2
Slender Spurge

Scaevola collaris



Goodeniaceae

3


Scaevola collina



Goodeniaceae

4

Scaevola ovalifolia


Goodeniaceae

3
Bushy Fan-flower

Scaevola parvibarbata


Goodeniaceae

3

Scaevola parvifolia


Goodeniaceae

5
Fan-flower

Scaevola spinescens


Goodeniaceae

4
Spiny Fan-flower

Schoenia ayersii



Asteraceae

4

Schoenia cassiniana


Asteraceae

3
Pink Everlasting

Sclerolaena bicornis


Chenopodiaceae

5
Goathead Burr

Sclerolaena birchii


Chenopodiaceae

5
Galvanised Burr

Sclerolaena clelandii


Chenopodiaceae

5

Sclerolaena cornishiana


Chenopodiaceae

5
Cartwheel Burr

Sclerolaena costata


Chenopodiaceae

5

Sclerolaena cuneata


Chenopodiaceae

5
Succulent Copper Burr

Sclerolaena deserticola


Chenopodiaceae

5

Sclerolaena diacantha


Chenopodiaceae

5
Grey Copper Burr

Sclerolaena eriacantha


Chenopodiaceae

5
Silky Copper Burr

Sclerolaena glabra


Chenopodiaceae

5

Sclerolaena johnsonii


Chenopodiaceae

5
Johnsons Copper Burr

Sclerolaena lanicuspis


Chenopodiaceae

5
Woolly Copper Burr

Sclerolaena muricata


Chenopodiaceae

5

Sclerolaena parviflora


Chenopodiaceae

5
Malley Copper Burr

Sclerolaena patenticuspis


Chenopodiaceae

5
Spear-fruit Copper Burr

Sclerostegia tenuis


Chenopodiaceae

4
Slender Glaswort

Senna artemisioides ssp. alicia

Caesalpinaceae

1


Senna artemisioides nssp. artemisioides
Caesalpinaceae

1
Silver Cassia

Senna artemisioides ssp. filifolia

Caesalpinaceae

1
Desert Cassia

Senna artemisioides ssp. helmsii

Caesalpinaecae

1
Blunt-leaf Cassia

Senna artemisioides ssp. oligophylla
Caesalpinaceae

1
Oval-leaf Cassia

Senna artemisioides ssp. quadrifolia
Caesalpinaceae

1

Senna artemisioides nssp. sturtii

Caesalpinaceae

1
Dense Cassia

Senna pleurocarpa


Caesalpinaceae

1
Chocolate Bush

Sida cunninghamii


Malvaceae

3

Sida everistiana     


Malvaceae

3

Sida fibuliformis



Malvaceae

5
Silver Sida

Sida platycalyx



Malvaceae

4
Lifesaver Burr

Solanum centrale



Solanaceae

4
Desert Raisin 

Solanum coactiliferum


Solanaceae

3
Western Nightshade

Solanum ellipticum


Solanaceae

4
Native Tomato

Solanum quadriloculatum


Solanaceae

4
Wild Tomato

Solanum sturtianum


Solanaceae

3
Thargomindah Nightshade

Sporobolus caroli



Poaceae


2
Fairy Grass

Sporobolus virginicus


Poaceae


2
Salt Couch

Stenopetalum anfractum


Brassicaceae

3
Zig-zag Plant

Stenopetalum decipiens


Brassicaceae

4
Hill Thread-petal

Stenopetalum nutans


Brassicaceae

4
Nodding Thread-petal

Stylobasium spathulatum


Surianaceae

5


Swainsona burkei



Fabaceae

6

Swainsona cyclocarpa


Fabaceae

6

Swainsona flavicarinata


Fabaceae

6
Yellow-keeled Swainsona

Swainsona laciniata


Fabaceae

6

Swainsona microphylla


Fabaceae

6
Small-leaf Swainsona

Swainsona phacoides


Fabaceae

6
Dwarf Swainsona

Swainsona unifoliata


Fabaceae

6

Synaptantha tillaeacea


Rubiaceae

2
Synaptantha

Tamarix aphylla*



Tamaricaceae

5
Athel Pine

Tecticornia verrucosa


Chenopodiaceae

5
Mungilpa

Tephrosia supina



Fabaceae

2

Tetragonia eremaea


Aizoaceae

2

Threlkeldia inchoata


Chenopodiaceae

2
Tall Bonefruit

Tragus australianus


Poaceae


2
Small Burr-grass

Trianthema triquetra


Aizoaceae

2
Red Spinach

Tribulopis angustifolia


Zygophyllaceae

5

Tribulus astrocarpus


Zygophyllaceae

5
Mulga Caltrop

Tribulus eichlerianus


Zygophyllaceae

5
Bindieye

Tribulus hirsutus



Zygophyllaceae

5

Tribulus hystrix



Zygophyllaceae

6
Sandhill Puncture Vine

Tribulus occidentalis


Zygophyllaceae

5

Tribulus terrestris
*


Zygophyllaceae

6
Caltrop

Trichodesma zeylanicum


Boraginaceae

6
Camel Bush

Triodia basedowii


Poaceae


2
Hard Spinifex

Triodia pungens



Poaceae


2
Soft Spinifex

Triodia salina



Poaceae


2


Triodia schinzii



Poaceae


1
Feathertop Spinifex

Tripogon loliiformis


Poaceae


5
Five-minute Grass

Triraphis mollis



Poaceae


3
Purple Plumegrass

Ventilago viminalis


Rhamnaceae

6
Supplejack

Vittadinia arida



Asteraceae

2


Vittadinia eremaea


Asteraceae

2
Plains Fussweed

Vittadinia pustulata


Asteraceae

2

Yakirra australiensis


Poaceae


2
Desert Flinders Grass

Zygophyllum aurantiacum


Zygophyllaceae

5
Shrubby Twinleaf

Zygophyllum compressum


Zygophyllaceae

6
Rabbit-ear Twinleaf

Zygophyllum emarginatum

Zygophyllaceae

5


Zygophyllum idiocarpum


Zygophyllaceae

6
Violet Twinleaf
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