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1. Summary
The camel played an important role in the development of central Australia in both the nineteenth 
and early twentieth centuries. The replacement of the camel by the motor vehicle in the early 
twentieth century resulted in large numbers of animals being released into the wild and the subsequent 
establishment of a feral population in arid Australia.

Monitoring of Australia’s camel population was haphazard at best until the 1980s. Since that time, 
a number of systematic surveys of camel distribution and abundance have been carried out across 
substantial areas of the camel’s distribution.

The current distribution of the camel covers much of arid Australia. Up to 50% of Australia’s 
rangelands are reported as having camels present, as are most of the arid regions of Western Australia 
(WA), South Australia (SA), the Northern Territory (NT), and parts of Queensland (Qld).

The research reported here supports a current population estimate for the feral camel in Australia of 
approximately one million animals covering an area of some 3.3 million km2 at an overall density of 
0.29 camels/km2. Densities vary, and the modelling of available data indicates that two substantial 
areas of high density are present, one centred on the Simpson Desert and the other on the Great Sandy 
Desert. The high density area covering the eastern part of the Great Sandy Desert has predicted densities 
in the range of 0.5 to greater than 2 animals/km2 and that on the Simpson Desert in the range 0.5–1.0 
animals/km2.

Modelling of camel population dynamics gives population growth rates in the range of 7–8 % per year, 
reflecting intrinsic rates of increase in the range 0.074–0.079 (McLeod & Pople 2008). On the basis of 
these rates of increase, a population doubling time of about nine years is likely. Further, based on the 
current Australian camel population estimate, these rates indicate potential for increase at 80 000 camels 
per year and accelerating, due to the exponential nature of population growth and the belief that camels 
have not yet reached the carrying capacity of the land (McLeod & Pople 2008).

Camels appear to use most available habitat, with use reflecting seasonal influences related to food 
availability and breeding. Habitat types not used to any measured extent include mountain ranges and 
salt pans/lakes, although camels have been reported from both of these habitats. Camels use almost all 
available food sources with a clear suite of preferred species and are subject to limited mortality other 
than natural mortality associated with age.

Few of the resources needed by camels appear to be limiting at current population densities, with the 
possible exception of water. Increased water stress during hot dry summers is proposed as the causal 
factor for the encroachment of camels into remote central Australian communities in recent years. 
Camels were reported trying to obtain access to water by entering communities and damaging water-
related infrastructure including bores, taps, and air conditioning units.

It would appear that without management camel populations have the potential to persist in large 
and growing numbers in already occupied sites and to expand into presently unoccupied or sparsely 
occupied areas.

1.1 Recommendations
That efforts are made to achieve a better understanding of the factors influencing the movement 
patterns and population distribution of feral camels at the local to regional scale. This would 
allow static aerial survey data to be more accurately projected forwards and would facilitate the 
development of a dynamic model of feral camel density distribution.

•
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That the broadscale aerial survey database of feral camel distribution and abundance be expanded by 
implementing aerial survey in areas not previously covered in order to improve estimation of density 
distribution for feral camels.
That a broadscale index-manipulate-index experiment related to broadscale aerial survey of feral 
camels be conducted to address the issue of environmental bias associated with current aerial survey 
estimates of feral camel population distribution and abundance.
That a national database of feral camel aerial survey data be created incorporating all available aerial 
survey data related to feral camels from all jurisdictions, with data incorporated at the finest spatial 
scale available, and that this database be supported by all jurisdictions.
That the national database be a core component of the development of a dynamic model of feral 
camel distribution and any other tools or models related to feral camel management, and that this 
imposes a requirement for complete and regular update of the database to ensure currency.

2. The establishment of feral camels in Australia 
The one-humped dromedary (Camelus dromedarius) was first introduced to Australia in 1840 
(McKnight 1969). Between 1880 and 1907 up to 20 000 camels were imported into Australia (McKnight 
1969). Camels were well suited to working in remote dry areas and were used for riding, carting goods, 
and as draught animals in the early development of the arid interior of the continent (McKnight 1969). 
From the 1920s onwards the number of captive domestic camels declined steadily as the use of motor 
vehicles for freight haulage increased. This is clearly reflected in the reduction in registered camels 
between 1920, when register records give the number of captive camels as 12 649, and 1941, when there 
were fewer than 2300 registered camels (McKnight 1969).

The widespread establishment of feral camel populations in Australia can almost certainly be attributed 
to the wholesale abandonment of domestic camels during the 1920s and 1930s (McKnight 1969), and 
although some animals were destroyed, many were simply released into the bush. Exactly how many 
were released over this period we will never know. On the basis of the register records, Edwards et al. 
(2004) speculated that the number of camels released between 1920 and 1941 would have been between 
5000 and 10 000.

Current feral camel population size and distribution is evaluated and discussed in section 4.1 below.

3. Aspects of camel biology and ecology

3.1 Habitat use
There are reasonable grounds to consider camels capable of using almost all available habitat types 
within the arid and semi-arid environment of Australia (Dörges & Heucke 1995). Dörges and Heucke 
(1995) undertook a detailed analysis of habitat selection by camels in a large paddock west of Alice 
Springs and identified a number of clear preferences in habitat selection based on a number of 
parameters. They identified six basic habitat types within the study area: saltmarsh/saltlake, open 
bushland, dense (closed) bushland, open plain, sandplain/dunes with sparse vegetation, and sandplains/
dunes with dense vegetation. Camels used all of the habitats, but that usage was seasonally variable. 
The one exception to seasonality was open bushland, which Dörges and Heucke (1995) reported 
was the preferred habitat all year round, with no change in the proportion of usage between seasons. 
They attributed this preference to a rich and varied food supply regardless of season, open vegetation 
providing good observational awareness of surrounds, and the presence of shade trees in summer 
months. Of the five remaining habitat types, usage was highly variable (Dörges & Heucke 1995). After 
open bushland, Dörges and Heucke (1995) determined that sandplain/dunes with sparse vegetation 
was the next preferred habitat type, and sandplain/dunes with dense vegetation preferred to a lesser 
extent. Dense bushland was not a preferred habitat type except to mothers with new calves who used 
it specifically to provide cover. Neither open plain nor saltmarsh/saltlake habitat types were preferred 

•
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•
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habitats except in specific circumstances, and then for short periods of time (Dörges & Heucke 1995). 
Open plains were used extensively after rainfall due to an abundance of forbs and grasses that develop 
quickly compared with other habitats (Dörges & Heucke 1995) and the saltmarsh/saltlake habitat was 
used in winter when Swainsona and Zygophyllum species were growing.

Other than the work of Dörges and Heucke (1995, 2003), only limited research into habitat selection and 
preference has been undertaken on camels in Australia, with most habitat use information being derived 
incidental to other studies: aerial survey of population distribution and abundance (Short et al. 1988, 
Wurst & Saalfeld 1994, Axford et al. 2002, Edwards et al. 2004, Peeters et al. 2005, Lethbridge 2007) 
and movement studies (Grigg et al. 1995, Edwards et al. 2001, Lethbridge 2007), and reported in only 
the broadest of terms.

3.2 Food and water
Food selection by camels in Australia has been described by Barker (1964), McKnight (1969, 1976), 
Newman (1975, 1979), Dörges and Heucke (1995, 2003), and Peeters et al. (2005). The work of Dörges 
and Heucke (1995, 2003) is the most extensive and provides the greatest detail on food plant selection 
and preference of the camel in central Australia. Dörges and Heucke (1995) found that 83% of the 
available plant species were used by camels, but that the use was widely divergent in terms of food 
preference, with 50% of the food plant species contributing less than 1% of total intake and only 7% 
of the species contributing nearly 70% of actual food intake (Dörges & Heucke 1995). Forbs and small 
lignified plants comprised 63% of the species eaten, 19% were shrubs and trees and 18% grasses and 
ferns. While trees and shrubs comprised only 19% of the food species range selected by camels, they 
made up 52.9% of the volume of food consumed, with forbs comprising 42.5% of the remaining volume 
and grasses less than 5%. Camels used almost the entire available food supply, including species that 
are poisonous to cattle and horses, Solanum, Swainsona, Zygophyllum, Nicotiana, and Indigofera 
species (Dörges & Heucke 1995). The consumption of Indigofera species may be of concern to parties 
interested in using camels for pet meat as secondary poisoning is known to occur in dogs. Additionally, 
over 15% of the food plants consumed in the total diet of camels were halophytes, indicative of the 
camels’ requirement for salt in their diet. Dörges and Heucke (1995) also reported camels feeding on 
crystalline salt in the form of saline soil.

Dörges and Heucke (2003) provided a list of the 342 observed food plants of camels in central 
Australia. Peeters et al. (2005) identified a smaller suite of species consumed by camels in the Great 
Victoria Desert in SA with a number of species in common with Dörges and Heucke (2003). 

Dörges and Heucke (1995, 2003) identified three species whose conservation status they considered 
to be severely impacted by camel browsing: Erythrina vespertilio, Acacia sessiliceps, and Santalum 
acuminatum. All three species have important conservation and cultural values to Aboriginal people in 
central Australia, and of the three, S. acuminatum is believed to be most severely threatened by camel 
browsing (Woinarski et al. 2007, Peter Latz 2008, Ecological consultant, Alice Springs, pers. comm.). 
Camel impact on vegetation is considered in detail in Edwards et al. (2008).

Camels can go for considerable periods of time without access to free/surface water (Barker 1964, 
McKnight 1969, Wilson 1984, Dörges & Heucke 1995). This is a result of morphological and 
physiological adaptations that maximise water conservation and facilitate animals obtaining sufficient 
water from ingested food at those times of year when food is plentiful and/or high in moisture content 
(Dörges & Heucke 1995). Dörges and Heucke (1995) observed camels drinking at intervals of two to 
eight days in summer and longer in winter in central Australia.

Increased water stress during hot dry summers is proposed as the causal factor for the encroachment 
of camels into remote central Australian communities in recent years (see Edwards, Zeng, & Saalfeld 
2008). Camels were reported entering communities to obtain access to water and damaging water related 
infrastructure including bores, taps, and air conditioning units.
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3.3 Movements
Dörges and Heucke (1995), Grigg et al. (1995), Edwards et al. (2001) and Lethbridge (2007) have 
reported on range usage and movement in feral camels in arid Australia. Dörges and Heucke (1995) 
looked extensively at localised range usage by identified individual herd groupings in a large fenced 
paddock in central Australia. Dörges and Heucke (1995) demonstrated clear seasonal range usage 
patterns that were mainly dependent on social factors. During the summer, camel herds had relatively 
small ‘home ranges’, tended to have restricted movement within the study area, and tended not to 
interact. In winter, and particularly during rutting season (the period of heightened sexual activity in 
male camels), ‘home ranges’ were much larger, movements within the study were much more extensive, 
and interaction much more frequent (Dörges & Heucke 1995). ‘Home ranges’ of camels varied from as 
little as 10 km2 in area up to 213 km2 – the maximum size possible.

Satellite telemetry studies of feral camel movements in central Australia by Grigg et al. (1995), Edwards 
et al. (2001) and Lethbridge (2007) have shown that when not constrained, camels move over areas of 
thousands to tens of thousands of square kilometres. Grigg et al. (1995) obtained home ranges up to 
7000 km2 for camels in central Australia. Edwards et al. (2001) found that the areas used by feral camels 
in central Australia were variable in size, ranging from about 5000 km2 in the Simpson Desert to about 
450 km2 in the northern parts of the Tanami Desert. On the basis of data collected over a short timespan, 
Lethbridge (2007) reported large movements and apparent migration and home range movement in 
camels in the Great Victoria and Gibson Deserts.

Edwards et al. (2001) found a strong negative correlation between long-term mean annual rainfall 
and the size of areas used by female camels. They reasoned that this pattern was related to habitat 
productivity, with camels having to move over greater areas to obtain sufficient forage as aridity 
increased. Additionally, camels need access to sources of water (Dörges & Heucke 1995), which are 
likely to be more widely dispersed in more arid areas (Edwards et al. 2001).

Of the individual camels monitored in the above satellite telemetry studies, only one was monitored 
long enough to determine with certainty that movement was occurring within an apparent home range 
(Edwards et al. 2001). For the remaining animals, the patterns of movement detected could fall into a 
number of categories including nomadic, migratory, or movement within a home range (Edwards et al. 
2001).

Irrespective of whether movement is nomadic, migratory, or movement within a home range, the areas 
used are large (Edwards et al. 2001) and management to mitigate negative impacts will have to address 
the capacity of camel populations to use extensive areas of habitat covering many thousands of square 
kilometres.

3.4 Social organisation and behaviours
Social organisation of the camel in central Australia is characterised by non-territoriality and group 
formation (Dörges & Heucke 1995), with the formation of cow groups that are temporarily herded by 
a bull during rut and bachelor groups composed of younger bulls. Older bulls tend to live solitarily 
(Dörges & Heucke 1995). Cow groups are the basis of ‘core groups’ that are formed by the joining 
together of cows with calves of the same age. The core group can be joined by other adult cows without 
calves, young cows, and young bulls for varying periods of time (Dörges & Heucke 1995). The core 
group is stable for one and a half to two years, corresponding to the nursing phase of the calves, and 
stability is independent of the presence of a herding bull (Dörges & Heucke 1995).

At the beginning of rut the adult bulls compete for access to the cows. In central Australia rut is 
highly seasonal, with nearly all adult bulls being in rut at the start of winter (Dörges & Heucke 1995). 
Bulls take over a cow group and herd it for three to five months, depending on hormonal factors, bull 
condition, and competition with other bulls.
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Dörges and Heucke (1995) observed that the majority of parturitions occurred between June and 
November, with cows approaching parturition segregating from the cow group and seeking seclusion in 
dense vegetation for parturition. Seclusion in dense vegetation is presumably sought for the protection 
of the newborn calf from predators and bull camels. This seclusion lasts for up to three weeks at which 
point the cow and calf join other cows with young calves (Dörges & Heucke 1995).

Infanticide was observed by Dörges and Heucke (1995) and is considered by them to be of particular 
importance to the reproductive strategy of feral camels in Australia and the first proof of a successful 
reproductive strategy of bulls in ungulates (Dörges & Heucke 1995). Rutting bulls show a distinct 
aggression toward newborn calves and they drive the cow from the calf after birth (Dörges & Heucke 
1995) leading to the death of the calf. A fertile post-partum oestrus following the death of the calf 
increases the individual chance of reproduction for the bull (Dörges & Heucke 1995). While high infant 
mortality has been reported for camels elsewhere (Wilson [1984] reported levels up to 50%), specific 
socio-biological infanticide is not clearly documented for camels in their natural range. This potentially 
reflects the circumstance that outside of Australia there are almost no wild herds. Virtually all camels 
within their natural range are subject to domestication and intensive herd management (Wilson 1984) 
greatly reducing the capacity for socio-biological infanticide.

Dörges and Heucke (1995) associated infanticide with the immobility of calves immediately following 
birth and proposed that segregation of the cow prior to parturition was a mechanism to reduce 
infanticide.

Fighting between bulls occurs primarily during rut and between dominant bulls and bulls protecting the 
cow group they are herding (Wilson 1984, Dörges & Heucke 1995). Although fighting may result in 
lethal injuries, these are rare (Dörges & Heucke 1995).

3.5 Reproduction
Female camels reach sexual maturity at three to four years of age (Wilson 1984). Gestation period is 
variable depending upon location, with a range of 336–405 days reported by Wilson (1984) on the basis 
of numerous sources. Dörges and Heucke (1995) reported a gestation period of 370 ± 5 days. Dörges 
and Heucke (1995) observed a calving interval of 22.2 months on average, reduced to 14.4 months if 
the previous calf died. This calving interval is slightly less than that estimated by Wilson (1984) of two 
years on the basis of data from across the camels’ natural range. The reproductive lifespan for female 
camels is at least 30 years (Wilson 1984, Dörges & Heucke 1995).

While male camels are capable of breeding all year round, they are unlikely to do so (Wilson 1984). 
Rut in central Australian camels appears to occur primarily throughout the winter months of May–
October (Dörges & Heucke 1995). Wilson (1984) reports rut as being induced by environmental 
factors, although the exact interaction is unclear. Increased nutrition associated with specific seasons is 
advanced as one reason (Wilson 1984), but it is not apparent if this is a factor in central Australia.

For camels in central Australia, Dörges and Heucke (1995) report that births take place throughout 
the entire year, but that there is a distinct increase in the six months of June to November, with 93% 
of births in this period. Oestrus cycle in the female camel is of a type known as follicular wave, with 
coitus being required to induce ovulation (Wilson 1984). Camels are considered polyoestric but it has 
long been held that oestrus only occurs at certain times of the year (Wilson 1984). While seasonality 
in breeding does occur (Wilson 1984, Dörges & Heucke 1995), available information confirms that 
follicular wave activity occurs all year round (Wilson 1984), subject to considerable variability. In 
practical terms, the camel can be considered a seasonal breeder and this is the case in central Australia 
(Dörges & Heucke 1995).

Development of a population growth model for camels in central Australia by Dörges and Heucke 
(1995) was dependent on their obtaining accurate birth and mortality rate data on which to estimate 
the mean annual rate of increase. Birth rate is given by the proportion of reproductive females in the 



Desert Knowledge CRC18 Managing the impacts of  feral  camels in Austral ia:  a new way of  doing business 
Ch 2:  Ecology of  feral  camels in Austral ia,  pp �–34

population divided by calving interval, with the proportion of reproductive females dependent upon 
average lifespan. Based on their observations, Dörges and Heucke (1995) obtained annual birth rates 
of 16–18.7% corresponding to average lifespan of 20–40 years. These estimated birth rates took into 
account an estimated calf mortality of 29% for newborns and calves <1 year old, and used a successful 
calving interval of 2.34 years.

3.6 Diseases and parasites
Disease and parasites do not have a major impact on feral camels in Australia. Quarantine procedures 
in place from the time of the earliest importation of camels have severely curtailed any introduction 
of the major diseases and epidemic pathogens impacting on camel populations in their natural range 
(McKnight 1969). Diseases that can affect camels, such as Brucellosis (Brucella abortus), Tuberculosis 
(Mycobacterium tuberculosis), camel-smallpox (Orthopox virus cameli), or camel Trypanosomiasis 
(Trypanosoma evansi), are not present in Australian camel populations (Williams 1992, Dörges & 
Heucke 1995, Brown 2004).

Similarly, parasite impacts on Australian camels appear to be minimal. Dörges and Heucke (1995) 
reported only a single death in their research study (in three and a half years) due to nematode 
infection. Scabies (Sarcoptes scabei var cameli) is reported as having a major impact on camel health 
in their natural range and is reported as infecting large numbers of camels in parts of central Australia, 
particularly the Simpson Desert and Amadeus Basin (Dörges & Heucke 1995). Williams (1992) reported 
that infection by Corynebacterium pyogenes, resulting in abscesses of the lymph nodes, was common in 
Australian camels, occurring in 90% of animals examined. Dörges and Heucke (1995) reported similar 
infection of several animals in their study without any apparent lethal effects. Other relatively harmless 
ectoparasites of camels in Australia are the camel bot fly (Cephaloptina titillator) and dermatophytes of 
the genus Trichophyton (Williams 1992, Dörges & Heucke 1995).

The near disease-free status of the Australian camel population has the potential to contribute to a 
greater average lifespan and hence higher population growth rate of the Australian camel population 
as compared with populations in their natural range. Additionally, the near disease-free status greatly 
enhances the suitability of Australian camel populations for commercial utilisation, particularly live 
export (Zeng & McGregor 2008).

3.7 Mortality
The average lifespan of camels appears variable, with a range of 20–50 years being reported. Dörges 
and Heucke (1995) quote Krumbiegel as giving an age of 50 years or more for camels held in zoological 
gardens. The average lifespan for Australian camels has been reported by Barker (1964) as 40 years and 
by McKinght (1969) as somewhat more than 30 years. The animals that these lifespans were reported 
for were working animals, hence an improved survivorship over wild animals could be reasonably 
assumed. Camels in Australia do not have any predators other than humans. The dingo (Canis lupus 
dingo) is the only potential predator, mostly on newborns and calves (Dörges & Heucke 1995).

As reported in section 3.6, disease has limited impact on the Australian camel population, and the 
majority of observers report that conditions for camels in central Australia are near ideal (Baker 1964, 
McKnight 1969, Dörges & Heucke 1995, Edwards et al. 2004). Consequently, average lifespan for free 
camel populations may approach that of captive animals, and a lifespan of up to 30 years was proposed 
for free ranging camels in Australia (Dörges & Heucke 1995).

Calculated total mortality rates obtained by Dörges and Heucke (1995) for camels in central Australia 
were 6.5–9% per year, depending on estimated lifespan. The 30-year lifespan for free-ranging 
camels proposed by Dörges and Heucke (1995) corresponds to an annual total mortality rate of 
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7.28%. However, Dörges and Heucke (1995) concluded that these mortality rates were likely to be 
underestimates due to optimal conditions throughout their study period. Sources of mortality reported 
by Dörges and Heucke (1995) were made up of: 

newborn and calves <1 year old estimated at 29%, of which 58% was infanticide (section 3.4)
accidents and disease estimated at 3.95% per year
age-dependent mortality estimated at 2.5–5.0% per year for average lifespan of 40 years down to 20 
years. 

Accidents and disease included nematode infection, sepsis after injury, capture stress, snake bite, and 
death resulting from interaction with fences (Dörges & Heucke 1995).

4. Feral camel population and distribution

4.1 Camel distribution and abundance
Between 1940 and 1966 the Australian feral camel population was neither officially monitored nor 
managed, other than by the individual actions of pastoralists (McKnight 1969). McKnight (1969) 
guessed that there were 30 000 to 90 000 feral camels in 1940. This guess was wildly speculative and 
appears a gross overestimate even at the lower end of the range (Edwards et al. 2004). It was not until 
1969 that the first genuine attempt was made to systematically estimate the number of feral camels in 
Australia. On the basis of an interview/questionnaire survey, McKnight (1969), estimated that there 
were 15 000–20 000 feral camels across outback Australia in 1966, with 40% in WA, 30% in the NT, 
20% in SA, and the remaining 10% in Qld (Table 2.1). The first broadscale quantitative assessment of 
the number and distribution of feral camels in Australia was undertaken by Short et al. (1988), who used 
opportunistic camel sighting records made during a series of aerial surveys targeting kangaroos between 
1980 and 1983 (Short et al. 1988). This produced a minimum Australian camel population estimate of 
43 000 camels and a broad belt-like distribution of camels through central Australia from Broome in 
WA to the WA/NT/SA border, through southern NT and northern SA to the Qld border and in a few 
pockets in Qld (Short et al. 1988). While the population estimate of Short et al. (1988) was relatively 
imprecise – that is, it involved large error (Edwards et al. 2004) – they were able to provide a population 
breakdown by jurisdiction (Table 2.1).

Between 1984 and the present, a series of independent aerial surveys has been conducted at various 
locations to determine camel population size and distribution at sub-regional to regional scales (Table 
2.1). Two of these surveys, Edwards et al. (2004) and Ward et al. (2006) attempted to scale up their 
individual survey specific estimates of density to provide an estimate of the Australia-wide population 
using the jurisdictional population breakdown of Short et al. (1988). Edwards et al. (2004) arrived at 
a minimum national population estimate of about 300 000 camels in 2001, while Ward et al. (2006) 
estimated there to be about 730 000 camels in 2006. 

It is only recently that an attempt has been made to provide a systematic national snapshot of the 
distribution and abundance of the species. Between 2005 and the present, the Australian Government’s 
National Land and Water Resources Audit (NLWRA) (http://nlwra.gov.au/) collected and mapped, at 
1:250 000 scale, the distribution and abundance of a comprehensive range of invasive species, including 
the camel.

We used the NLWRA camel data, recent aerial survey data (Table 2.1), and information obtained 
during a survey of pastoralists on the presence of feral camels (Zeng & Edwards 2008) to map the 
current distribution of feral camels across Australia (Figure 2.1). Camels are distributed broadly across 
the Australian Rangelands, occupying almost 50% of their expanse, and covering a minimum area of 
3.3 million km2. Within this range, camel populations are known to be distributed heterogeneously 
(McKnight 1969, Short et al. 1988, Wurst & Saalfeld 1994, Axford et al. 2002, Edwards et al. 2004, 
Peeters et al. 2005, Lethbridge 2007; see also Table 2.1) and this was reflected in the recent NLWRA 

1.
2.
3.
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camel data as shown in Figure 2.2. Feral camel distribution is physically constrained in the south-east 
of the distribution by the Australian Wild Dog Fence, which restricts the spread of the camel into NSW 
and the south-east of SA (Figure 2.1).

Figure 2.1: Australian rangelands and the current Australian camel distribution

Note: Data derived from the National Land and Water Resources Audit feral camel distribution, modified by recent aerial survey data (Ward et al. 
2005, 2006, Lethbridge 2007) and feral camel reporting provided by a survey of pastoralists (Zeng & Edwards 2008).
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Figure 2.2: Current Australian camel distribution and density at 1:250 000 scale resolution

Note: Data derived from the National Land and Water Resources Audit feral camel distribution and density, modified by recent aerial survey data 
(Ward et al. 2005, 2006, Lethbridge 2007) and feral camel reporting provided by a survey of pastoralists (Zeng & Edwards 2008).
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Table 2.1: Camel abundance and densities across jurisdictions between 1969 and the present

Jurisdiction and 
survey location

Year Area (km2) Estimate of abundance 
(± s.e.)

percentages indicate 
percentage of estimated 
population in jurisdiction

Density  
(animals/km2  

± s.e.)

Source

central Australia a 

WA

SA

NT

NSW

Qld

1�66 15 000 to 20 000 b

40%

20%

30%

0%

10%

McKnight 1�6�

across Australia c

WA

SA

NT

Vic

NSW

Qld

1�80 –1�83 5.8 mill ion 43 000 b

50%

<23%

27%

0%

0%

>0%

Short et al. 1�88

NT c 1�83 7� �20 10 723 ± 55�2 0.134 ± 0.070 Graham et al. 1�86

NT c

 Simpson

 Western desert

1��3 317 016

171 227

145 78�

3� �37 ± 5�68

18 863 ± 46�2

21 254 ± 368�

0.126 ± 0.01�

0.10� ± 0.027

0.126 ± 0.01�

Wurst & Saalfeld 
1��4

SA c (north-west) 2000 102 650 2605 ± 646 b 0.01 b Last 2001

SA c

 Simpson

 Witjira

2001 55 164

45 764

�400

12 155 ± 2182

10 754 ± 2105

1401 ± 573

0.22 ± 0.040

0.235 ± 0.046

0.14� ± 0.061

Axford et al. 2002

NT c 2001 25� 12� 80 533 ± 7428 0.31 ± 0.03 Edwards et al. 2004

SA Great Victoria 
Desert c

WA Great Victoria 
Desert c 

2004 4� 025

14 487

13 221 ± 2281

3042 ± 57�

0.27 ± 0.05

0.21 ± 0.04

Peeters et al. 2005

WA western Little 
Sandy Desert c

2005 67 700 11 50� d 0.17 d Ward et al. 2005

WA Rudall River 
National Park c

2006 78 500 20 400 d 0.26 d Ward et al. 2006

SA c

WA c

2007 62 863

65 156

40 626 ± 6500 e

54 57� ± 13 645 e

0.646 ± 0.103 e

0.838 ± 0.210 e

Lethbridge 2007

WA western Little 
Sandy desert c

2007 55 000 �860 d 0.17 d Ward & Burrows 
2007

a interview/questionnaire survey
b uncorrected for perception bias
c aerial survey
d standard errors not reported with aerial survey population estimates
e estimates derived using mark-recapture and multi-covariate distance sampling methods

Note: Data based on an interview/questionnaire survey and aerial surveys. Abundances and densities are for the area surveyed and are corrected for 
perception bias (in the sense of Edwards et al. 2004) unless otherwise indicated.
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We attempted to use all of the available data on camel abundance at our disposal to estimate the current 
(2008) Australian camel population using three distinct procedures.

The first procedure used the estimated population sizes for most of the more recent aerial surveys from 
2001 to 2007 (Axford et al. 2002, Peeters et al. 2005, Edwards et al. 2004, Ward et al. 2006, Lethbridge 
2007, Ward & Burrows 2007). Note that data from Ward et al. (2005) were not used in this analysis 
because the survey area was the same as that used in the latter survey of Ward and Burrows (2007). 
Initial population estimates were projected forward to 2008 using the latest available annual rate of 
increase of 8% (McLeod & Pople 2008) and these estimates used to calculate a total population and 
density for the total survey area to 2008. These data are given in Table 2.2 and survey areas are shown 
in Figure 2.3. The assumption that the rate of increase across all parts of the surveyed range was equal is 
based on: 

McLeod and Pople’s (2008) determination that the NT population has been growing exponentially 
(up to 2001) and that this population is not yet approaching the carrying capacity of the land 
(McLeod & Pople 2008)
the fact that the area considered by McLeod and Pople (2008) covers 41% of the total surveyed area 
and includes a broad range of habitats.

Table 2.2: Projected camel population in 2008 for the most recent aerial surveys areas from 2001 to 2007

Survey 
location

Year of 
survey

Survey area 
 (km2)

Population estimate 
survey year

Population 
estimate 2008

Density 2008 
(animals/km2)

NTa 2001 25� 12� 80 533 138 01� 0.53

SAb 2001 55 163 12 155 20 832 0.38

SAc 2004 4� 025 13 221 17 �87 0.37

WAc 2004 14 487 3042 413� 0.2�

WAd 2006 78 500 21 073 24 580 0.31

WAe 2007 65 156 54 57� 58 �45 0.�0

WAf 2007 55 000 �860 10 64� 0.1�

SAe 2007 62 863 40 626 43 876 0.70

Total Survey 
Area

639 323 235 089 319 026 0.50

a Edwards et al. 2004
b Axford et al. 2002
c Peeters et al. 2005
d Ward et al. 2006
e Lethbridge 2007
f Ward & Burrows 2007

Table 2.2 provides a 2008 population estimate of approximately 320 000 animals within the total area 
surveyed since 2001, at an overall density of 0.50 animals/km2. The total area surveyed in Table 2.2 
covers approximately 19% of the projected feral camel distribution in Australia (Figure 2.3). Scaling up 
the overall density for the surveyed area (0.50 animals/km2) to the total distribution gives an estimate of 
1.7 million camels across Australia in 2008.

If we accept the proposition that aerial surveys would have been targeted to those areas within the 
feral camel distribution that are perceived to have high densities, then the figure of 1.7 million camels 
is almost certainly a gross over-estimate of the total Australian feral camel population as it assumes a 
fixed density across the entire unsurveyed distribution.

1.

2.
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Figure 2.3: Locations of broadscale aerial surveys included in Table 2.3 of projected distribution that were used 
for the Krigging analysis
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The second procedure used to estimate the Australian camel population was underpinned by the 
modified NLWRA camel density distribution from Figure 2.2. We calculated actual population 
estimates for each of the 0.5 degree cells in the NLWRA camel density distribution map by recoding the 
density classification for each cell. Recoding of each cell was based on the actual density ranges from 
aerial survey (Edwards et al. 2004) used to create the NT component of the NLWRA Australian camel 
density distribution map. The actual density values allocated to the different density classes from the 
NLWRA (Low, Medium, or High) are the mean estimated density for the same cells within the NT 2001 
survey area (Edwards et al. 2004). Table 2.3 lists the NLWRA density classes and associated density 
range and mean density from the NT aerial survey.

Table 2.3: NLWRA density classes and associated density range and mean density

NLWRA density class NT density range (animals/km2) NT mean density (animals/km2)

Low 0 <= 0.25 0.04

Medium 0.25 <= 1.0 0.54

High > 1.0 2.30

Note: From the 2001 NT aerial survey

Recoding each of the 0.5 degree cells in the NLWRA density distribution results in an overall Australian 
population estimate of 2 million camels at a density of 0.53 camels/km2. Like the previous estimate 
(1.7 million), this estimate is considered to be an over-estimate. This estimate is also considered to 
be dubious in nature because there are obvious inconsistencies in the NLWRA density distribution 
due to the subjective manner in which density classifications were assigned to cells. This problem is 
evident in Figure 2.2 where there are clear cross-border differences in the density classifications of 
many adjacent cells that probably do not exist in reality. In addition, a higher proportion of cells in WA 
were coded high density in the NLWRA compared with the other jurisdictions (31% of cells within 
the camel distribution in WA were coded as high density, compared with 3% in the NT and none in 
either SA or Qld). As a result, WA was estimated to have a population of 1.6 million camels compared 
with estimates of only 216 000 for SA, 121 000 for the NT and 63 000 for Qld. These results for each 
jurisdiction are very different from those provided by Short et al. (1988) (see Table 2.1). In addition to 
the apparent over-estimation of high density in WA, there were large areas of ‘no data available’ coding 
reported for areas of WA and the NT in the NLWRA.

To address the issue of perceived over-inflation associated with the first and second procedures for 
estimating the Australian camel population above, a third procedure using only aerial survey data and 
GIS-based spatial analysis was used to extrapolate known survey densities across the entire distribution 
range. As with previous methods, known aerial survey densities were projected forward to 2008 using 
annual growth rate. An annual growth rate of 10% (Edwards et al. 2004) was used because the McLeod 
and Pople (2008) estimate was not available at the time of the analysis (see section 4.2). Survey data 
used were from Axford et al. (2002), Edwards et al. (2004), Ward et al. (2006), Ward and Burrows 
(2007), and Lethbridge (2007) as raw data were available for these surveys.

ArcGIS version 9.2 (ESRI 2006) Spatial Analyst extension was used to perform a surface interpolation 
analysis over the known aerial survey density distribution using the Krigging method. The Krigging 
method used was an ordinary Gaussian semivariogram with a cell size of 0.5 degrees and a variable 
search radius of 12 input points. The interpolated density distribution was limited to the current 
predicted range of the camel distribution in Australia as determined previously (Figure 2.1). A Gaussian 
semivariogram was used as it provides a normal distribution. A cell size of 0.5 degrees was used as this 
was the cell size that matched the resolution of the input data derived from the aerial surveys. A variable 
search radius of 12 input points was selected as providing a coverage area for each location exceeding 
a pastoral property and its neighbouring properties, covering a minimum of 30% of any single block of 
Aboriginal land and not exceeding the area of any single survey. 
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Figure 2.4 shows the density distribution of camels across the range of the camel in Australia derived 
from the Krigging interpolation of known aerial survey densities extrapolated forward to 2008. 
Densities vary, with two substantial areas of high density being present, one centred on the Simpson 
Desert and the other on the Great Sandy Desert. The high density area covering the eastern part of the 
Great Sandy Desert has predicted densities in the range of 0.5 to greater than 2 animals/km2 and that on 
the Simpson Desert in the range 0.5–1.0 animals/km2. No areas of habitat within the distribution range 
of the camel were excluded from the Krigging envelope as camels appear to use almost all available 
habitat types within the arid and semi-arid environment of Australia to some extent (Dörges & Heucke 
1995). Two habitat types that might be expected to be least used by feral camels are mountain range and 
salt lake/pan habitat. While there is no quantitative data available for camel use of these habitats, camel 
tracks have been observed across many salt lakes during aerial surveys (Glenn Edwards, pers. obs.) and 
camel sign has been observed in accessible parts of range country (Glenn Edwards, pers. obs., David 
Hewitt 2008, Relief Manager, Punmu Community, Ngaanyatjarra lands WA, pers. comm.).

A population estimate of 780 000 feral camels for Australia at an overall density of 0.23 animals/
km2 was derived from the Krigging interpolation of known aerial survey densities. However, these 
population and density estimates are considered to be on the low side because the Krigging interpolation 
failed to interpolate to the full extent of the proposed current Australian camel distribution; that is, 
much of the periphery of the distribution where camels are known to occur was estimated to have zero 
camel density (Figure 2.4). This was particularly the case in the south-west and Kimberly areas of 
WA, the centre and north-east of the NT, and in south-west and south-east of SA and most of Qld. The 
lack of aerial survey data in these areas resulted in the Krigging interpolation underestimating density 
in these areas. This conclusion is supported by the preliminary results of a 2008 survey that recorded 
camels being at low density (0.03 camels/km2 (uncorrected); approximately 0.045 camels/km2 when 
corrected for perception bias (Bruce Ward 2008, WA Dept of Environment and Conservation, pers. 
comm.) in an area of the Nullarbor in WA for which the Krigging interpolation showed a density of zero 
for the most part.

As a means of partially addressing the problem of the Krigging interpolation failing to interpolate to 
the full extent of the camel distribution, all areas that Krigging reported as having 0–0.1 animals/km2 
density were set to the mean density for all non-zero cells on the periphery of the camel distribution, 
0.075 animals/km2. Applying this modified Krigging approach across the Australian camel distribution 
gave a population estimate of approximately one million camels (Table 2.4). This estimate is considered 
a better approximation of the actual population than that derived from the first two procedures described 
above because it is underpinned wholly by quantitative data and the Krigging procedure uses a 
declining Guassian function to model from the known densities to the edge of the distribution boundary 
rather than assuming uniform density equal to that of the mean of the surveyed areas across the entire 
unsurveyed distribution. Further means by which the Krigging interpolation may be improved are 
considered below. 

Feral camel population estimates were calculated for each of the jurisdictions within the camel’s range 
and for each of the major land tenure classifications on the basis of the modified Krigging interpolation 
(Tables 2.4, 2.5). The major tenure classifications used here and elsewhere in this report are: Aboriginal 
lands (includes Aboriginal freehold and leasehold land excluding Aboriginal pastoral land), pastoral 
lands (includes private, Aboriginal, and government pastoral leasehold), vacant Crown land and 
conservation/other land (includes all remaining lands). Figure 2.5 shows feral camel density contours 
overlaying major tenure classifications within the Australian camel distribution.
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Figure 2.4: Density distribution of camels across the range of the camel in Australia

Note: Data derived from Krigging interpolation of known aerial survey densities extrapolated forward to 2008.
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Table 2.4: Feral camel population estimates for each jurisdiction within the camel’s range based on Krigging 
interpolation of known aerial survey population density distribution

Jurisdiction Area within camel 
distribution (km2)

Population estimate based on 
modified Krigging (above)

Density estimate (animals/km2) based on 
modified Krigging (above)

WA 1 534 000 3�� 000 0.26

NT 875 000 341 000 0.3�

SA 58� 000 183 000 0.31

Qld 331 000 30 000 0.0�

Total 3 32� 000 �53 000 0.2�

Table 2.5: Feral camel population abundance and density for each of the major tenure classifications within the 
Australian camel distribution

Tenure classification Area (km2) Population (%) Density (animals/km2)

Aboriginal 783 000 415 000 (43%) 0.53

Pastoral 1 3�� 000 210 000 (22%) 0.15

Vacant Crown land 813 000 236 000 (25%) 0.2�

Conservation/Other 335 000 �4 000 (10%) 0.28

Total 3 330 000 �55 000 (100%) 0.2�

All of the procedures used to estimate the current density distribution and abundance of feral camels in 
Australia have limitations that highlight the need for further monitoring of distribution and abundance. 
The greatest limitation, and equally applicable to each of the procedures, is the assumption of a static 
distribution with population increase in any area equal to known mean annual rate of increase. This is 
clearly not the case (McKnight 1969, 1976; Short et al. 1988; Wurst & Saalfeld 1994; Dörges & Heucke 
1995, 2003; Grigg et al. 1995; Edwards et al. 2001; Edwards et al. 2004; Lethbridge 2007; Ward & 
Burrows 2007), with camel distribution being both spatially and temporally dynamic in response to a 
range of environmental parameters. Detailed modelling of the distributional dynamics of the feral camel 
in Australia across its range is yet to be undertaken (McLeod & Pople 2008).

The population estimates derived from the three procedures described above are all based on aerial 
survey data which contain a negative bias. The survey data on which they are based was corrected for 
perceptual (observer) bias (Marsh & Sinclair 1989, Edwards et al. 2004) but not for environmental 
(availability) bias (Marsh & Sinclair 1989, Edwards et al. 2004). While the extent of the environmental 
bias for camels is unknown, Short et al. (1988) estimated that the visibility of camels may be as low as 
25%, and expert opinion is that the correction for environmental bias could be anything in the range of 
1.5–2 times perceptual corrected counts (Glenn Edwards and Keith Saalfeld 2008, NT Department of 
Natural Resources, Environment and the Arts, pers. comm.; Phil Gee 2008, SA Rural Solutions, pers. 
comm.). For this reason, the estimates provided by the three procedures above are lower than they would 
be if wholly corrected data were used. It is for this reason that all three population estimates as they stand 
(ignoring the methodological problems discussed above) should be viewed as minimum estimates.

Application of a correction for environmental bias of 1.5–2 to the modified Krigging population 
estimate (one million camels) gives a potential maximum overall Australian camel population estimate 
in the range of 1.5 to 2.0 million camels. While a population of this size is considered a possibility, we 
recommend using the more conservative estimate of one million camels as the current estimate of the 
Australian camel population, at least until a more accurate estimate can be devised.

Expansion of the available broadscale aerial survey data set for feral camels to cover the void areas in 
the Krigging interpolation is proposed as the simplest means of increasing the accuracy of the Krigging 
derived density distribution of feral camels in Australia.
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The requirement to obtain an estimate of environmental (availability) bias for feral camel aerial 
survey data in order to provide more accurate population estimates is clearly elucidated when various 
management options are considered. If the management strategy to be implemented is based on 
commercial utilisation and density estimates are negatively biased, areas suitable for commercial 
utilisation may be deemed unsuitable for the method. This contrasts dramatically with management 
actions based on non-commercial methods to achieve the management of feral animal impact on 
conservation, cultural or production values. These actions are generally centred on the reduction of feral 
animal populations to target densities at which impacts are considered to be managed or acceptable. 
Program costs and budgets are based on achieving set changes in population density, for example, 
reduction from 0.8 to 0.3 animals/km2, using known cost models. If the starting densities on which these 
actions are based are underestimates but the target densities are actual densities, then program costs will 
be underestimated and actual target density may not be achieved, that is, desired management outcomes 
may not be realised within the budget allocated. The requirement for additional funding and time 
coupled with population recruitment means that final costs will be greater than anticipated. Of course, if 
the starting and target densities contain the same bias, there is no problem in this regard. 

Obtaining an estimate of environmental (availability) bias would be best accomplished by means of a 
broadscale index-manipulate-index experiment that covered a range of camel habitats. This experiment 
would most appropriately take the form of a broadscale aerial survey to obtain an initial population 
density index, control operations to remove a known density of animals, and a final duplicate aerial 
survey to obtain a final population density index. The difference between initial and final density 
indices would equate to known density removal assuming negligible emigration or immigration, and 
permit determination of a generic, habitat independent estimate of environmental bias for broadscale 
aerial survey.

4.2 Camel population dynamics
Edwards et al. (2004) used available aerial survey population estimates to determine the intrinsic rate of 
increase and associated annual rate of increase and population doubling times for feral camels in central 
Australia. Edwards et al. (2004) obtained a mean annual exponential rate of increase between 1993 and 
2001 of 0.093, giving an annual rate of increase of 10% per year and a population doubling time of eight 
years.

The mean annual exponential rate of increase obtained by Edwards et al. (2004) accords well with the 
earlier estimates for annual rate of increase and population doubling times for feral camels in Australia 
obtained by Dörges and Heucke (1995). Dörges and Heucke (1995) estimated the annual growth rate for 
the camel population in their study through detailed knowledge of annual birth and mortality rates. They 
found that annual growth rate was strongly dependant on average lifespan and calculated growth rate 
for a range of average lifespans. With average lifespan ranging from 20 to 40 years, Dörges and Heucke 
(1995) obtained annual growth rates in the range 0.071 to 0.123 and population doubling times of 10 
years, reducing to six years. Edwards et al. (2004) mean annual exponential rate of increase of 0.093 
corresponds to an average lifespan of slightly more than 25 years using the Dörges and Heucke (1995) 
population growth model.

Development of a detailed model of camel population dynamics in Australia has been undertaken as 
part of this project and is reported in McLeod and Pople (2008). McLeod and Pople (2008) estimated 
model parameters for three population models – exponential growth, logistic growth and theta-logistic 
growth. Using all population estimates available from 1966–2001, McLeod and Pople (2008) estimated 
that the exponential rate of increase of camels in the southern Northern Territory ranged from 0.074 to 
0.079. These estimates are slightly lower then the estimate calculated by Edwards et al. (2004) based on 
population growth between 1993 and 2001.
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Figure 2.5: Tenure types within the Australian feral camel distribution with feral camel density contours overlain

Note: Contour interval is 0.1 camels/km2.
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5. Recommendations
That efforts are made to achieve a better understanding of the factors influencing the movement 
patterns and population distribution of feral camels at the local to regional scale. This would allow 
static aerial survey data to be more accurately projected forwards and facilitate the development of a 
dynamic model of feral camel density distribution.
That the broadscale aerial survey database of feral camel distribution and abundance be expanded 
through the implementation of aerial survey in areas not previously covered in order to improve 
estimation of density distribution for feral camels.
That a broadscale index-manipulate-index experiment related to broadscale aerial survey of feral 
camels be conducted to address the issue of environmental bias associated with current aerial survey 
estimates of feral camel population distribution and abundance.
That a national database of feral camel aerial survey data be created incorporating all available aerial 
survey data related to feral camels from all jurisdictions, with data incorporated at the finest spatial 
scale available, and that this database be supported by all jurisdictions.
That the national database is a core component of the development of a dynamic model of feral 
camel distribution and any other tools or models related to feral camel management, and that this 
imposes a requirement for complete and regular update of the database to ensure currency.

•

•

•

•

•
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