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The Tasmanian Devil

“At the present time the future of the Tasmanian Devil looks good .... The only danger would seem to be a return of the disease which has devastated the population several times in the past” (Guiler, 1992)

“Wholly protected, common and secure, at present” (Mooney, 1992)

“Barring further epidemics … its status appears to be secure” (Jones, 1995)

Introduction
For many years, the public attitude towards most Australian animals was one of indifference at best and hostility at worst. In the past, fish were mainly “good to eat;” frogs “slimy;” reptiles weird, sinister or dangerous; small and some medium-sized birds attractive, “useful” or “good to eat,” but many medium-sized to large birds pests or vermin, as were most mammals. And while many of these attitudes are still prevalent, there is an increasing appreciation of animals either for what they “do for us” or, even more encouragingly, just as interesting creatures in their own right; indeed, beings with which we share both an evolutionary past and an uncertain future, and without which we would be truly alone in the universe.

Just how much thinking has changed can be judged by contrasting attitudes in the 1950s and 1960s with those of today with regard to animals such as sharks, kangaroos, whales and dingos. And no species has benefited from this 

make-over as much as the Tasmanian Devil, a small dog-sized carnivorous mammal now living only on the island state of Tasmania. The Devil was almost universally loathed up until the 1960s but is now one of the few species for which the overused word “iconic’ is truly appropriate, not only in its home state of Tasmania but also in Australia generally. But with the timing of a romantic tragedy, humankind’s recent reconciliation with the Devil has been tempered by the realisation that the species may not be with us much longer due to a rare transmissible tumour, Devil Facial Tumour Disease, sweeping through the population.
As a result of the renewed interest in the Devil both in its own right and because of its disfiguring and invariably lethal tumour, research on the animal’s biology has proliferated and a multi-faceted conservation effort put in place. But to date, no one has tried to bring all this information together and provide a concise overview of all aspects of the species’ biology, its strange disease and current conservation. Such an overview might be especially interesting to those who take an interest in or have responsibility for the Devil but lack the background or the time to access and assimilate the relevant scientific and associated literature. The simple purpose of this book is to provide such an overview.
How the Devil Got its Names
The only written record of how the Devil got its common English name comes from Gould (1863) who said that its “black colouring and unsightly appearance” led to the name Devil or Native Devil. Indeed, early settlers with a Christian background may have found many of the Devil’s features suggestive of an alliance with the Devil. Devils are largely black and mostly nocturnal and when annoyed, they scream and their ears turn red. And possibly as well, what more appropriate place to find the Devil’s home than the “other side of the world?”
At the time of first European settlement in Tasmania, the Devil’s common name was “Native Devil” (Harris, 1808; Waterhouse, 1846; Gunn, 1852). At that time, it was unknown if the species occurred on the mainland as well as Tasmania. But when it became clear the Devil did not occur on the mainland, the common name “Tasmanian Devil” came into usage. And as a logical corollary to the species’ common name, the Devils’ young became known as “imps.” Nowadays, they are also called “joeys” and “pups.”
Although the common name “Devil” stuck, a mammalogist working in the British Museum was scathing about the propensity of British colonists to give inappropriate names to local animals. “The Ursine Dasyure [his preferred common name] is called by the colonists “The Devil,” or “Native Devil;” I see no necessity for adopting such barbarous names, nor do I think it desirable to adopt other names given by our colonists, when they convey an erroneous impression of the nature of the animals which have received them (Waterhouse, 1846).”

A number of scientific names have been applied to the Devil. The species was first formally described and named for science in 1808 by George Harris, the Deputy Surveyor General for the new colony of Van Diemen’s Land. He named his new species Didelphis ursina, as “many of their actions, as well as their gait, strikingly resembled those of the bear (Harris, 1808).” From his description, Harris was obviously impressed with the species’ large mouth, diverse array of teeth, and array of muzzle bristles. He noted correctly that males are larger than females and have a pendulous scrotum carried in a pouch, and that females have a pouch and give birth to small, naked and blind young which adhere firmly to the teats with their mouths. 
He also noted that the species burrows; preys on small vertebrates; uses the front feet to convey food to the mouth, and is querulous, with females dominant.

There are only two errors in Harris’ observations. He miscounted the number of premolars and molars (“grinders”) as four and five in each the upper and lower jaw, respectively, instead of six and six (below). He also observed that the tail was “slightly prehensile” (repeated in Geoffroy Saint-Hilaire, 1810 and Boitard, 1841: “prenant”) for which there have been no further observations, although there is a photo of a young animal with its tail curled around a fern stem (Sanderson et al., 1979: fig 1).
And in an observation that would prove to be important in determining post-European fluctuations in population size, he noted that the first settlers of Hobart Town found the species to be “very common.”
Interestingly, the specimen(s) that Harris used to describe his new species are now lost. He notes that the specimen he illustrated was to be sent to Sir Joseph Banks in England, but it “died before the vessel left New South Wales (Harris, 1808).”
After reading Harris’ paper, the French zoologist Éntienne Geoffroy Saint-Hilaire realised that the Devil was not particularly closely related to American marsupials, as was implied by the generic name Didelphis, but instead was most closely allied to other Australian marsupials. Consequently he placed Harris’ species in the existing Australian genus Dasyurus. Thus it was realised relatively quickly after the Devil became known scientifically that its relationships lay with Dasyurus. This generic name was also used by the Dutch zoologist Coenraad Jacob Temmnick in 1827 and the Tasmanian botanist Ronald Campbell Gunn in 1838 and again in 1852, and somewhat oddly, even by the Victorian comparative anatomist William Colin Mackenzie as late as 1921. 
In 1837, however, the French zoologist Frédéric Cuvier thought the Devil differed enough from Dasyurus to warrant its own generic name and proposed Sarcophilus. This name is derived from two Greek words, one for “lover” (philus) and the other for “meat” (sarco). Cuvier had no first hand knowledge of the species’ habits but interpreted them from Harris’ original description and its dentition. Hence the Devil’s scientific name became Sarcophilus ursinus.

A few years later, in 1841, John Edward Gray (1841) of the British Museum, in what was perhaps a bit of cross channel rivalry, proposed, without explanation, a new generic name for the species, Diabolicus. Under current rules of zoological nomenclature, however, whimsical name changes such as this have no validity.
In this same year, 1841, the French naturalist Pierre Boitard proposed, again without explanation, another completely new name, Ursinus harrisii. The new generic name was perhaps Boitard’s own attempt to impose his nomenclatural will, but it was doomed to fail for the same reasons Gray’s name did. But the new species name was perhaps proposed in recognition that this part of the Devil’s name was “unavailable,” due to its application eight years earlier to the Common Wombat, Didelphis ursina (now Vombatus ursinus). Parenthetically, there is some justice in this, as the wombat is surely more “bear-like” (ursine) than the Devil. Boitard’s new species name harrisii graciously recognised the original describer of the species.  
Much later, the British zoologist Oldfield Thomas thought he was the first to realise that the second part of the name Sarcophilus ursinus was unavailable for the Devil and proposed his own substitute name, Sacrophilus satanicus (Thomas, 1903).  Nine years later, however, he realised his mistake and acknowledged Boitard’s much earlier substitute name (Thomas, 1912).
Finally, in 1987 the Swedish palaeontologist Lars Werdelin, while working briefly in Australia, proposed a subspecies name for the recently extinct Devils in western Victoria:  dixonae, after Joan Dixon, the then curator of mammals at the then National Museum of Victoria (now the Museum of Victoria). He gave some dental measurements to justify the taxonomic recognition of this population, but he did not compare them statistically with the Tasmanian population. This name has never been used in any context.
There is one other twist in the history of the Devil’s scientific name, but it is discussed under the section on “Distribution.”
Phylogenetic Relationships
All living mammals are members of a single lineage that evolved sometime in the early Mesozoic. This lineage split into the monotremes or protherians (egg laying mammals) and the therians, and the therians then split into the metatherians (marsupials) and eutherians (placentals). The dates for the origin of mammals and the three branching points of its three living constituent groups are uncertain. The earliest fossils for each of the three groups all date from about 125 millions years ago. But inferences from molecular genetics suggest that mammals evolved about 325 mybp (Shedlock and Edwards, 2009): the protherian – therian spilt occurred about 220 mybp and the metatherian – eutherian split about 175 mybp (Madsen, 2009; see also Bininda-Edmonds et al., 2007). Australia is the only continent with all three major groups of living mammals. 
The marsupials appear to have first evolved in the great northern landmass, Eurasia and then extended into the great southern landmass, Gondwana. They went extinct finally in the North American part of Eurasia about 15 to 20 mybp but persisted in Gondwana.
Sometime between about 70 and 55 mybp a distinct lineage of marsupials, the australidelphians, arose in Gondwana. Shortly thereafter, this lineage divided into two sub-lineages, one of which is represented today by only one species, Dromiciops gliroides, in South America and the other of which is represented by all Australian marsupials, the euasutralidelphians (Nilsson et al., 2010; see also Springer et al., 2009). How these two lineages came to be associated exclusively today with South American and Australia is unclear. 
Four major groups are recognisable within living Australian marsupials: the kangaroos and their relatives (diprotodontians); the marsupial moles (notoryctemorphians); the possums and their relatives (peramelemorphians), and the quolls and their relatives (dasyuromorphians).  The Tasmanian Devil is in the last group. 
The relationships between these four groups are uncertain, although the most recent molecular genetics work showed weak support for a split between the kangaroos and their relatives and the other three groups.  But within this latter group, relationships are uncertain due to the problematic relationships of the moles (Nilsson et al., 2010).
The dasyuromorphians evolved some 25 to 40 mybp depending on accounts (Krawjewski, Wroe and Westerman, 2000 and Nilsson et al., 2004, respectively). The group contains a variety of living and extinct species, most of which are relatively small in size; primarily ground dwelling, and predaceous, mostly on insects. Of the living and recently extinct species, the Thylacine, with a weight of about 30 kgs, was the largest and the Long-tailed Planigale at about 6 gms the smallest.
Although the dasyuromorphians are clearly a group sharing a single common ancestor, the relationships among them are only partly understood. But one of the most strongly supported relationships within dasyuromorphians is that between the Devil, Sarcophilus, and the native cats Dasyurus. This relationship has been recognised since shortly after the Devil’s discovery by science (Temminck, 1827) and has been supported by evidence from morphology (Temminck, 1827; Cuvier, 1837; Waterhoure, 1986; Archer, 1982; Wroe et al., 2000), molecules (Baverstock et al., 1982; Thomas et al., 1989; Kirsch et al., 1991) and genetics (Thomas et al., 1989; Krajewski et al., 1992; Krajewski et al., 1993; Krajewski et al., 1994: fig. 2; Krajewski et al., 1997; Krajewski, Woolley and Westerman, 2000; Krajewski, Wroe and Westerman, 2000; Krajewski et al., 2004).
An estimate of divergence times based on mitochondrial sequences differences and calibrated against the fossil record suggest that the Sarcophilus + Dasyurus lineage arose in the mid-Miocene about 12 mybp and the Sarcophilus - Dasyurus split occurred shortly thereafter, sometime before 11 mybp (Karjewski, Wroe and Westerman, 2000).
In most studies, the detailed relationship between Sarcophilus harrisii and the species of Dasyurus has been unresolved (Baverstock et al., 1990) or has been returned as a sister group paring: Sarcophilus + Dasyurus. But in a few studies, the relationship has been returned as Sarcophilus nested within Dasyurus (Kirsch and Murray, 1969; Archer, 1982; Krajewski et al., 1992). Interestingly, the latter result is supported by a shared physiological similarity, the high blood acid phosphatase levels in Sarcophilus and Dasyurus maculatus (Sallis and Guiler, 1977). The only other Dasyurus that has been examined for acid phosphatase levels is D. viverrinus (Sallis and Guiler, 1977), and its values are low. Although the current weight of evidence is strongly in favour of a sister group relationship, the possibility that Sarcophilus is actually derived within Dasyurus is worth remembering. Even in this context, however, the assertion in the draft species recovery plan for the Devil that its closest living relative is Dasyurus viverrinus (DPIPWE, 2010) has no published research to support it.
The relationships between the Sarcophilus + Dasyurus group and other dasyuromorphians is much more problematic (Wroe and Mackness, 2000), although the most recent genetic evidence suggests it is most closely related to a group consisting of two genera from New Guinea (Krajewski et al., 2004).
Most phylogenetic studies make it fairly clear that the Sarcophilus + Dasyurus group is highly derived within dasyurids. In this context, the group’s relatively large size and carnivorous feeding habits can be seen as being evolved features within dasyurids. And taking the inference one step further, the Devil’s scavenging habits can be seen as having evolved from the group’s carnivorous habits.
Interestingly, a recent study of the rates of evolution within living mammals based on body size suggests that the increase in body size of the Sarcophilus + Dasyurus lineage was the fastest recorded (Venditti et al., 2011). What drove this large and sudden increase in size is unclear.
Physical Characteristics
Size and Shape

Devils are often described as being the size of a small dog (cocker spaniel, corgi and terrier have all been mentioned) with a large head relative to the rest of the body (Sanderson et al., 1979). In fact, both their head and fore-quarters are robust compared to the rest of the body, which slopes posteriorly. This distribution of bone and muscle are probably related to their scavenging habits. The large head may be an adaptation to rendering bone, cartilage and skin, and the large forequarters may be an adaptation to pulling off, by tugging, pieces of flesh from carcasses.
Devils can weigh up to 12 kg, but they are strongly sexually dimorphic (below) and only males attain this size.

Devils appear to vary geographically in size, but the accounts are conflicting. An early field worker noted that Devils from a northwest population were “smaller and weigh less” than those from a northeast population, but attributed this to nutritional status (Guiler, 1970a, 1978).  The difference in mean mass between the larger and smaller population was 14 percent for males and 20 percent for females (data in Guiler, 1970a). And a Tasmanian government source says “devils on the East Coast of Tasmania are much larger than west coast individuals (DPIPWE, 2010b).” But a media story says that the Devils from the far northwest are “among the biggest … in Tasmania (Denholm, 2010f).” The latter is probably an error.
Limbs

Devils have five digits on the front foot but only four on the rear foot (Bensley, 1903: plate 7, fig. 12; Pocock, 1926: figs. 34 and 37a; Guiler, 1992: fig. 15; Tasmanian Parks and Wildlife Service, 2006, p.1; Denholm, 2010, p. 17; DPIPWE, 2010c, p. 2). The first digit is the one that has been lost evolutionarily on the rear foot (Pocock, 1926).
Devils are unusual in that the front and rear limbs are of nearly equal length (contra Eisenberg and Golani, 1977), and they are long relative to the vertebral column (Finch and Freedman, 1988). In the absence of a robust phylogeny among the dasyuromorphians, it is difficult to tell which elements have changed. But functionally, nearly front and rear limbs of nearly equal length usually indicate an ability to run swiftly, hardly a noted capacity of the Devil.
Colour and Pattern
Devils appear mostly black due to the colour of the outer fur (Green, 1967). Some older animals, however, appear slightly brownish (Guiler, 1964). This is probably due to the thinning of the outer-fur in older animals, which lets the dark brown, or henna, under-fur show through (Green, 1967; Mooney, 1992; Jones, 1994). The tip of the tail, especially, in older individuals may not only be a fluffier but also brownish.
Most individuals also have white markings. These markings can be conceptualised as being a transverse blaze across the chest and shoulders and a transverse across the rump. The chest and shoulder mark is often split into a central chest mark and two shoulder marks, each of which can be quite small. The rump mark is always complete but can vary in size (Green, 1967). There is also often a small white spot above each eye. Some Devils, however, are completely dark (Guiler, 1992: fig. 35). 
Very rarely Devils may be mostly (Guiler, 1976: fig. p.156, 1992: fig. 8) or completely (Owen and Pemberton, 2005) albino.
The markings do not change with age (Pemberton, 1990), and the sexes do not differ in the distribution of the markings (Pemberton and Renouf, 1993).

The proportion of all black animals is about 13 to 15 percent in populations from northeast Tasmania (Pemberton and Renouf, 1993 and Green, 1967, respectively) and about 5.6 percent (N = 263) in the northwest (Guiler, 1976). One field observer noted that “most of the Devils in … [the] south-west region were almost completely black, with the merest traces of the usual large white patches … seen in Devils farther north and east” (Fleay, 1952; see also Guiler, 1964).
There are two explanations for the Devil’s colour pattern, neither mutually exclusive. The black and white pattern may serve to break up the animal’s overall size and shape in dark conditions (Mooney, 1992). Or the markings, which are variable, may allow the animals to recognise each other as individuals (Buchmann and Guiler, 1977). The fact that some Devils have similar patterns or lack white markings all together need not diminish the discriminatory function of the patterns entirely (Pemberton and Renouf, 1992), as what pattern is recognisable could still assist in the overall identification of many individuals.

Observers and handlers generally find the pattern of white markings useful in identifying individual animals in the field (Gould, 1863; Guiler, 1978; Pemberton, 1990; Pemberton and Renouf, 1993; Jones, 1998; Hamede et al., 2008; Hughes et al., 2011; STTDP website: Population monitoring, 31 August 2011), enclosures (Smith, 1993; Newsletter: June 2010; STTDP website: Populations persist at ‘ground zero,’ 1 June 2011) and lab (Waterhouse, 1846; Jones et al., 2005). Devils may find it useful as well.
Vibrissae
Vibrissae are long, slightly stiff hairs that usually occur in tuffs, most noticeably on the face, where they are often called, informally, whiskers. The vibrissae probably provide sensory information (“touch”) in dark narrow situations such as crevices and tunnels.

Devils have five sets of facial vibrissae: supraciliaries, mystacials, genals, submentals and interramals. The genals, the vibrissae on the side of the snout, are especially long, reaching back beyond the ear when adpressed to the side of the head (Pocock, 1914: fig. 1b, 1926: fig. 25).

Devils also have vibrissae at the lower end of the front leg just above the foot, the ulnar carpals (Pocock, 1926: fig. 34; Guiler, 1970b; Jones, 1994).
Sexual Dimorphism
Devils are strongly sexually dimorphic (Jones, 1997: table 1). As adults, males are larger and heavier than females (Fleay, 1935, 1952; Table 1). At a northeast locality, the mean body weight of males and females was 9.0 kg and 6.5 kg (N = 73 and 83), respectively (Guiler, 1970a). And at northwest locality it was 7.7 kg and 5.4 kg (N = 18 and 20), respectively (Guiler, 1970a). Interestingly, it is “common” for the weight of an individual Devil to vary as much as ± one kg in one day (Pemberton, 1990). This represents a minimum eight percent change in the weight of the largest animals and more in smaller animals (Table 1).
Adult males also have a “massive head and a broader neck compared with adult females” such that this difference is used to distinguish the two sexes in the field (Hamede et al., 2008).

Mature male Devils have an external scrotum, which is usually carried retracted into a pouch-like cavity in the abdominal skin (Guiler and Heddle, 1970: fig. 1; Hughes, 1982: fig. 2; Keeley et al., 2011: fig. 1) and is attached to the body through a peduncle approximately 50 mm in length (Guiler and Heddle, 1970). This scrotal pouch would no doubt offer protection to the testes during normal activity. It is unclear, however, under what circumstances the scrotum descends from the pouch.
The narrow scrotal peduncle contains a rete mirabile consisting of 3 to 15 small arteries and 13 to 26 small veins (Guiler and Heddle, 1970: fig. 2). Such structures often function as counter-current heat exchangers, the influent veins absorbing heat from the effluent arteries and returning it to the body before it reaches the extremities. However, temperature measurements do not support such a function in Devils (Guiler and Heddle, 1970). 
Devils have the scrotum in front of the penis, which observant readers will realise is the opposite of humans.

Dentition
Devils have only one set of teeth during a lifetime. They do not have deciduous teeth as humans do.
The dental formula for Devils is: incisors 4/3; canines 1/1; premolars 2/2, and molars 4/4 (Gerrard, 1862; McCoy, 1882; Thomas, 1887; Gill, 1953: plates 6; Guiler, 1964; Lundelius and Turnbull, 1978: figs 20-21; Archer, 1982 (“all dasyuroids”); Dawson, 1982; Miles and Grigson, 1990; Holz, 2008). One report, in passing, gives the number of lower incisors as four (Guiler and Heddle, 1974a: fig. 1), but this is presumably a lapsus. There are five sets of illustrations showing three (Owen, 1877: plate 5, nos 5-6; Archer, 1976: fig. 8 f; Mooney, 1992: fig., p. 58; Holz, 2008, p. 363; Jones, 1994: fig. p. 41), and in 40 individuals in the Australian Museum, I found three lower incisors in all 76 countable sides. 
A fifth, only partially grown, upper molar occurs in some Devils (Green, 1967: plate 3), which may represent a molar otherwise lost in evolution. There is also the curious observation of a specimen with both P3 teeth rotated 180º (Miles and Grigson, 1990).
In general, the teeth erupt in an anterior to posterior sequence, but there is individual variation in the precise sequence and degree of eruption (Guiler and Heddle, 1974).
The first incisors on the upper jaw are relatively slow to erupt and to not do so until about the time of weaning. The resulting gap, however, provides a groove for the nipple in the suckling young (Guiler and Heddle, 1974).

Devil teeth have recently been discovered to “continue to erupt throughout life” or “over-erupt” (Jones, 1997, 2003). But the details have not yet been published.

As in most mammals, the Devil’s teeth along a row have different functions. The delicate incisors are presumably used primarily in prehension. The “grossly enlarged (Archer, 1976),” long and pointed canines are used in fighting and killing. The two “rounded stumpy (Archer, 1976” premolars have no obvious function as they do not even occlude; their shape is “directly correlated with the “extreme shortening of the premolar row” (Archer, 1976; see also Thomas, 1887). The four molars are used for grinding and slicing, the relative area for the former decreasing and the relative area for the latter increasing from front to back (Jones, 2003). The second molar appears to most of the bone crushing, to judge by degree to which it is worn down compared to the molars (Jones, 1994).
Considering the way Devils use their teeth in cracking bones and fighting (Fleay, 1935) it is not surprising that the teeth often show damage, wear and discolouration. In museum skulls, for example, nearly 70 percent of adult Devils have at least one broken tooth, and of the teeth broken, 15 percent are the canines (Jones, 1995, cited in Jones, 1997; see also Pemberton, 1990). 
The four molars wear differentially from front to back, with the first two molars showing eventually the most wear (Pemberton, 1990: fig. 2.8; Robson and Young, 1990; Jones, 1994, 2003). And older Devils in general have yellowed worn and broken teeth (Green, 1967; Mooney, 1992; Jones, 1994). 

In the only reference to specifically mention it, Devil teeth showed no signs of decay (Green, 1967).

Convergence with Hyaenidae
Several observers have noted the similarity between Devils and hyenas, in body shape, skull morphology and strength and foraging strategy (Vrolik, 1852; McCoy, 1882; Fleay, 1935, 1952; Werdelin, 1986; Tate, 1947; Jones, 1994, 2001, 2003). The similarities include large head and massive fore-quarters; scavenging habits, and the ability to crush and eat bones. This latter is achieved by the evolutionary movement of the bone crushing dentition closer to the hinge of the jaw, where the bite forces are greater (Werdelin, 1986). There are major differences, however. For example, Devils pass the bones they eat largely undigested in their faeces, whereas hyenas digest them completely (Lundelius, 1966).
Distribution

In European times, Devils have occurred naturally only in Tasmania, on the main island and on two of the 330-odd smaller islands surrounding the main island: Bruny Island off the southeast coast (Hird, 2000; Medlock and Pemberton, 2010; N. Mooney, ABC Rural, Bush Telegraph, 20 September 2011) and Robbins Island off the north-west coast (Hawkins et al., 2008). 
The Devil probably occurs throughout the main island, although its density varies greatly with habitat (below). The population on Bruny Island, which is now extinct, may have been introduced, but the population on Robbins Island is probably natural as the island is separated from the main island only by tidal flats, which Devils can apparently cross during spring low tides (PHVA, 2008).
In 1996, someone introduced three to eight Devils to Badger Island in the Furneaux group off the north-east corner of Tasmania (Hawkins et al., 2008; PHVA, 2008; DPIPWE, 2010). Where the Devils were sourced from is unknown. The introduced Devils bred, and 120-130 individuals may have occurred on the 14 km2 island at one time. However, by August 2007 all the Devils were “thought to have been removed” from the island (N. Mooney, in Hawkins et al., 2008), apparently in response to Aboriginal cultural concerns (PHVA, 2008). It is not clear how the animals were “removed” or what happened to them, other than the few that were sent to help stock a large free range enclosure (Radio Australia- Innovations – Devil Island Project; 26 May 2008).

In the not so distant past, Devils, that is animals of the genus Sarcophilus, occurred widely on mainland Australia, or at least in its wetter periphery, as well as on Tasmania. But some time prior to about 3000 years before present, that is, during the mid-Holocene, Devils disappeared from the mainland (Brown, 2006). The remains of mainland Devils, which consist entirely of bones and teeth, are in some cases so recent as to not even be mineralised (McCoy, 1882; Kershaw, 1912; Mahony, 1912; Gill 1953).
Some early estimates placed the Devil’s demise on the mainland as recent as about 430 ±160 years (Archer and Baynes, 1972). But a recent review has cast doubt on all dates more recent than about 3000 years, including the 430 year date (Brown, 2006). Despite this, many commentators still cite the recent dates uncritically, including the most recent one of 430 years (Parer and Parer-Cook, 2004; Jones, 2008; J. Weigel, on ABC World Today, 14 July 2010; Belov, 2010; Bender, 2010; DPIPWE, 2010; STTDP website: Background, 23 March 2010; Newsletter, March 2011).
Why Devils Disappeared from the Mainland

There are three hypotheses for the Devil’s disappearance from the mainland, all of which could have acted simultaneously (Johnson and Wroe, 2003). First, Dingoes, which were introduced into Australia about 5000 years ago by seafarers from southeastern Asia (Gollan, 1984; Corbett, 1995), may have driven the mainland Devils to extinction (Smith, 1909; Le Souef and Burrell, 1926; Troughton, 1938; Fleay, 1952; Bauer, 1961; Guiler, 1983a; Jones, 1995) either through predation (Wintle, 1886; Sharland, 1940) or competition (Fleay, 1952; Guiler, 1982, 1983b; Taylor, 1986; Mooney, 1992; Jones, 1997) or a combination of both (Johnson, 2006). This hypothesis is attractive because the dates for the dingo’s arrival and the Devil’s demise correspond closely, and it is known that in Tasmanian today, free-ranging domestic dogs will kill Devils if given the chance (Hawkins et al., 2008). The trouble with this idea is that although Dingos never made it to Tasmania, wild dogs have been there since European settlement, and Devils have thrived despite their presence. It could be argued, however, that wild dogs have never been allowed to build up to any great numbers. Devils also disappeared from Kangaroo Island (Calaby and White, 1967; Hope et al., 1977), where Dingoes never occurred.
Second, humans, who arrived in Australian possibly as long ago as 60 000 years ago, may have driven Devils to extinction (Guiler, 1982) either through predation (Johnson and Wroe, 2003; Johnson, 2006), competition (Guiler, 1982) or habitat change due, for example, to altered fire regimes (Johnson and Wroe, 2003; Johnson, 2006).  One observer even opined, somewhat confusingly, that “… competitive killing [?] by Dingoes and Aboriginal peoples probably expedited their demise ….” (Jones, 2008). The trouble with this idea, however, is that Devils co-existed with Aboriginals on the mainland up until relatively late in Aboriginal occupation and in Tasmania throughout Aboriginal occupation. The counter argument, however, is that the Devil’s demise on the mainland correlates with a (controversial) increase in Aboriginal technology, density and distribution about 3000 years ago and these changes did not affect the by then isolated Tasmania (Johnson and Wroe, 2003).
And third, climate change in the last ten thousand years may have led to the Devils demise on the mainland. One version of this view focuses on the climate’s increasing aridity in this period (Guiler, 1982; Jones, 1995, 1997, 2008; Johnson and Wroe, 2003) while another version focuses on its increasing variability (Brown, 2006). Presumably, the critical feature in both cases is a lack of food, mainly carrion, in the leanest times. It seems odd, however, that Devils did not find refuge in the mountainous parts of the southeastern mainland, which are not so different from Tasmania. Perhaps the Tasmanian enclave was just benign enough during the worst of times to allow Devils to hang on. 
But in summary, there is no clear explanation for why Devils disappeared from mainland Australia.
Since 1912, members of the public have found six Devils on the mainland, all in Victoria. This number included two live animals and four dead ones, in the latter case all road kills (Kershaw, 1912; Troughton, 1967; Guiler, 1992; Bevilacqua, 2001; White, 2009; Mainland Devils Website). This low but steady flow of specimens has led to speculation that Devils may still be living naturally on the mainland or at least did so up until very recently. However, the number of mainland specimens is so small compared to those encountered in Tasmania over the same period that it is almost certain that these mainland animals have either escaped from captivity or been purposely released. In support of this interpretation is the fact that up until the latter part of the 1900s, it was legal to catch and transport native mammals anywhere is Australia. Furthermore, Devils are proven escape artists, having absconded from a government research facility in Tasmanian (ABC News, 27 and 28 July 2006) and zoos both in Tasmania (Roberts, 1915; Andrewartha and Campbell, 2006) and on the mainland (L. Souëf, in Kershaw, 1912; The Argus, 13 February 1939; Fleay, 1935, 1952). The most recent specimen to turn up on the mainland, a road kill, had escaped from a local zoo in Grantville, Victoria about two weeks previously and had travelled about 30 km before being killed (White, 2009).

Fossil Devils

Fossil and sub-fossil remains of Devils, at least the genus Sarcophilus, occur in late Pleistocene (c. 26 000 to 10 000 years ago) and Holocene (10 000 to present) deposits in southwestern (Glauert, 1912, 1914, 1948; Cook, 1960, 1963a-b; Lundelius, 1960, 1963, 1966; Douglas et al., 1966; Butler, 1969; Archer and Baynes, 1972), south central, southeastern (McCoy, 1882; Mahony, 1912; Hale and Tindale, 1930; Colliver, 1938; Gill, 1953, 1971; Hale, 1956; Mulvaney, 1960; Wakefield, 1964a-b; Hope, 1972, 1978; Macintosh et al., 1970; Macintosh, 1971; Marshall, 1973; Gillespie et al., 1978), eastern (Longman, 1921, 1925, 1945; Sobbe, 1990) and northern (Calaby and White, 1967) mainland Australia. Sub-fossil remains also occur on Kangaroo Island off the South Australian coast (Calaby and White, 1967; Hope et al., 1977) and Flinders Island in Bass Strait (Hope, 1972; Guiler, 1992).
Fossils from various late Pleistocene (c. 26 000 to 18 000 years before present) localities in southeastern part of mainland Australia are indicative of an animal larger than the living species. Estimates of the (presumably linear) size difference between the two forms vary, with one-third larger (Owen, 1838), 15 to 50 percent larger (Gill, 1953), an average about 15 percent larger (Marshall, 1974; Marshall and Corruccini, 1978) and an average of approximately 14 percent larger (Dawson, 1982) all having been mentioned. The latter two estimates appear to be based on the largest sample sizes and hence are probably the most nearly accurate. 

On the basis of fossils from Wellington Caves in central western New South Wales, the British palaeontologist, Richard Owen, named the species represented by the larger fossil specimens Dasyurus laniarius on the basis of its proportionately larger canines (laniaries) (Owen, 1838). Later, he transferred it to the genus Sarcophilus (Owen, 1877) and in addition to its larger size, distinguished it from the living species by features of the skull and mandible. 
In addition to these large (S. laniarius) and medium-sized species (S. harrisii), there are also a few fossils from some late Pleistocene (perhaps 26 000 to 30 000 ybp) to mid- to late Holocene localities (430 ± 160 ybp in original but perhaps no more than 3000 years in Brown, 2006) indicative of an animal smaller than the living species (Dawson, 1982; see also Horton, 1977). This smaller animal has never been named. 
Temporally, the small animal overlaps broadly both the larger (S. laniarius) and medium-sized (S. harrisii) animals. The latter two animals, however, overlap only slightly, and given the vagaries of dating, it is possible that they are successive instead of contemporaneous. Despite the evidence for temporal overlap, there is no solid evidence for contemporaneous spatial overlap between any of the three forms.
There are two plausible interpretations of the relationships among these three forms. The first is that the small (unnamed) and medium-sized (S. harrisii) animals shared a common ancestor more than 20 000 ybp, and their lineage shared a common ancestor with the large animal (S. laniarius) sometime earlier than 26 000 to 30 000 ybp. 

The second interpretation is that the medium-sized (S. harrisii) and large (S. laniarius) animals either shared a common ancestor more than 20 000 ybp or the large animal actually evolved into the medium-sized animal about this time. And their lineage shared a common ancestor with the small (unnamed) animal sometime earlier than 26 000 to 30 000 ybp.

Under both hypotheses, the small animal (unnamed) went extinct about 3000 ybp, that is, in the mid-Holocene and the larger animal (S. laniarius) went extinct or evolved into the medium-sized species (S. harrisii) about 20 000 ybp.
The interpretation of Sarcophilus laniarius evolving into S. harrisii at the end of the Pleistocene when conditions were warming (Lydekker, 1887; Marshall, 1973; Marshall, 1974; Marshall and Corruccini, 1978) is supported by the well know temporal and spatial tendency for some mammal species to be larger in cool climates and smaller in warmer climates (Bergman’s Rule). This interpretation is severely diminished, however, by the apparent stasis in body size of the small species over the same time period. It is also not supported by the fact that Devils from the cooler and wetter northwest corner of Tasmania are lighter in weight than those from the warmer and drier northeast corner.
The hypothesis that S. laniarius evolved directly into S. harrisii lineage has implications for the name of the living species, because Owen’s 1838 name for the large animal, Sarcophilus laniarius, has priority over Boitard’s 1841 name for the living animal, Sarcophilus harrisii. Hence it would be the “correct” name under the International Code of Zoological Nomenclature (Stephenson, 1963; Werdelin, 1987; also Marshall and Corruccini, 1978).  And indeed, for a while, some researchers did use the name S. laniarius for the living species (e.g., Jones, 1997, 1998; Jones and Barmuta, 1998, 2000; Jones et al., 2003; Harington et al., 2006; McGlashan et al., 2006; Obendorf and McGlashan, 2008). But later they reverted to the more familiar name, perhaps because the underlying hypothesis was just too tentative or the latter name just too familiar to change.  
Recently, paleontologists have recorded Sarcophilus laniarius from cave deposits in southeast Queensland which they date, variously, between 330 000 and 170 000 mbp (Cramb et al., 2009). It is not clear whether the species name has been applied on the basis of size or nomenclatural priority, so it is unclear what the size of the animals may have been. 

There is also a small Sarcophilus from what are tentatively thought to be early Pleistocene (Crabb, 1982) or Pliocene (Wroe and Mackness, 2000) deposits in southwest New South Wales. The animal was named S. moornaensis and interpreted as an ancestor of S. harrisii (Crabb, 1982). But it was not compared with, or even discussed in the context of, S. laniarius and the smaller unnamed species, both of which were discussed in another chapter in the same volume (Dawson, 1982). Going on size alone, always a dangerous venture, S. mooraensis could possibly be integrated into the existing understanding by suggesting that it is simply an earlier representative of the smaller species. If so, the name S. moornaensis would apply to this species.
It is important to remember that size is the main distinguishing feature among all these forms, and although some researchers have noted additional osteological differences (Owen, 1877; Calaby and White, 1967) and dental proportional differences (Dawson, 1982), no one has investigated these differences from the point of view of allometry, that is, their simply being size related. Indeed the reputed differences in the fossils are a useful reminder of how little is known of variation in the living form (Wells, 1978). Almost nothing is known the species’ ontogenetic, within and among population variation, let alone its allometry. There is some very limited but, considering its importance in interpreting the fossils, extremely telling information on size variation in the living animals that illustrates how much the basic biology of the Devil has yet to be investigated. Devils from (warmer) northeast Tasmania may be, on average, 14 percent (males) and 20 percent (females) heavier than Devils from (cooler) northwest Tasmania.
Finally, Glaucodon ballaratensis is known from two fossils from the Plio-Pleistocence of Victoria. The fossils show characters of both Dasyurus and Sarcophilus and suggest that the species may be related to this group (Stirton, 1957; Gerdtz, 2001 and references therein).
Habitat

Devils occur in a variety of terrestrial habitats. These include open forest, woodland, shrubland, heathland and coastal scrub. They also occur in ecotones between these natural habitats and human-made clearings (Guiler, 1970a, 1983a, 1992; Hawkins et al., 2006; Jones, 2008). Devils occur in their highest densities in coastal heathland and woodland (Guiler, 1970a; Jones, 1995). They occur only in low densities, if at all, in alpine areas, moist closed forest, low heathlands and open grasslands as well as extensively cleared agricultural areas (Guiler, 1970a, 1992; M. Jones, in Jones et al., 2004; Jones, 2000). Devils may occur in wet eucalyptus forests with a clear understory and few obstructions, that is, where the horizontal visibility is high (Jones and Barmuta, 2000).
These habitat preferences mean that within their total range, Devils are most common in the east, north and northwest parts of Tasmania (Hawkins et al., 2006; Jones, 2008).
Some people fear that logging will imperil Devils locally (ABC Hobart, 5 July 2010; The Mercury, 8 September 2010). No doubt, some forestry operations might drive some Devils away or kill them outright, and dens could be destroyed or made useless through exposure. But whether there would be a net loss of Devils though the habitat destruction depends on the type of forest. Densities of Devils in thick forest is often low, ≤ 2 animals/km2 (Jones et al., 2007), and in these areas the density of Devils in the ecotones created between regenerating logged areas and unlogged areas might be much higher. 

An equal or even greater worry about forestry operations in any area as yet unaffected by facial tumour disease is the increased access by diseased Devils through the creation of roads and jigging trails.
Activity

Other than on the roads at night and at tourist facilities that attract Devils to large carcasses, Devils can be very difficult to see. For example, in 12 years one experienced field worker saw only half a dozen Devils at the field site she had been working on for 12 years (Grzelewski, 2002). Most of what is known about Devils in the wild has been gathered either by trapping or telemetry.
Daily Activity
In the wild, adult Devils are usually described as being primarily nocturnal (Gunn and Gray, 1838; Guiler, 1970, 1992; Pemberton, 1990; Jones et al. 1997). They may, however, also be out in the twilight after sunset (Pemberton, 1990), presumably just after emergence or the first light of pre-dawn (Bauer, 1961), presumably just prior to retirement. Wild juveniles are also occasionally active during the day (Jones, 2008), as are adults in deep snow (Jones, 2008). 
At one study site in the northeast, in both summer and winter, Devils emerged between 34 and 128 (mean = 74 ± 31.2 SD, N= 34) minutes after sunset. In summer, they retired between 127 minutes before and 56 minutes (mean = 5 ± 50.1 SD) after sunset (data were insufficient for winter retirements; Pemberton, 1990).

There is no significant difference between males and females in the time and distance travelled during a complete foraging period, that is, from emergence to retirement (Pemberton, 1990).
Although almost all experienced observers regard Devils as being generally nocturnal, one such observer has recently reported earlier experiences of Devils on the remote west coast as being “quite diurnal” and being out and about in the “middle of the day.” He attributed this diurnal behaviour to both increased competition for food (a population at carrying capacity) and a lack of human persecution (STTDP Website; Nick Mooney’s Devil tales – it’s ‘all creatures great and small’ gone wild; 25 February 2011; see also Mooney, 1992).

In captivity, the Devil’s daily rhythm is often different from what it is in the wild, possibly because the animals are encouraged to be active during the day by the schedules of their keepers.  They may be fed, for example, during the day when their keepers are at work. And in the case of zoos, they have to be out during the day to be seen by the paying customers.
Devils show a circadian rhythm in their daily activity times, at least to judge from two captive animals, a male and female, in an experimental situation (Packer, 1966). When activity was measured by how much time the captive Devils spent running in a wheel in a 12 hour light/12 hour dark cycle, the animals became active after dark. But the male became active about three hours after “dusk” and remained active over a core period. The female, however, became active about an hour after dusk and remained active for a shorter period than the male but then had a second period of activity an hour or so before dawn. Unfortunately, the small sample size precluded any possibility of determining whether the differences in activity times were due to the sexual or individual differences.

And when one animal, the female, was then put into a continuous dark cycle, the onset of activity slowly drifted forward (earlier). In contrast, when the other animal, the male, was put into a continuous light cycle, the onset of activity slowly drifted backward (later). But whether this was indicative of a real sexual difference as opposed to an individual difference is unknown. And in both cases, the discrete bouts of activity seen under the day/night cycle broke down and activity became somewhat more continuous throughout the 24 hour period.
When asleep, Devils show bouts of both Slow Wave Sleep (SWS) and Paradoxical or Rapid Eye Movement Sleep (REM), as do most mammals. Behaviourally, SWS is characterised by general body quiescence. And REM sleep is indicated by rapid eye movements, twitching vibrissae and ears, mastication movement of the lower jaw and uncoordinated twitches and movements of the limbs (Nicol and Maskrey, 1980). Humans slow the same general patterns. In humans, of course, dreaming occurs during REM sleep.

Seasonal Activity
In the northeast part of the state in summer, Devils emerge about 30 minutes after sunset and have retired no later than about an hour and a half after sunrise. In winter, however, they emerge about two hours after sunset but when they retire is unrecorded. The earlier emergence in summer might be due to the stronger odours emanating from carcasses at this time (Pemberton and Renouf, 1993: fig. 2).

In the central highlands however, Devils begin and cease their nocturnal activity at about the same time throughout the year. On average, they became active at 2105 h and inactive at 0205 h (N = 11), spending on average about 7.9 h active each night (Jones et al., 1997) And based on one animal, the time a female spends away from her den with and without young in the den did not differ significantly (Jones et al., 1997: fig. 1). 
At higher altitudes, Devils are just as active during severe winter weather as during milder conditions, but they move less when it is sleeting or snowing and when there is deep snow on the ground. Because of their weight and narrow foot, Devils sink into the snow, making it more difficult for them to move, and hence impeding the extent of their movements (Jones et al., 1997).

Devils are active year around. They may be less active during winter at higher elevations during winter, but they are still out and about (Jones et al., 1997). 
There is no evidence that Devils undergo torpor at any time in any part of their range, including winter in the central highlands (Jones et al., 1997; Jones and Barmuta, 1998).

Devils are susceptible to unusually harsh seasonal conditions. During the drought of 2001, adult Devils were in noticeably poor condition coming into the breeding season (M. Jones, in Hamede et al., 2008).

In outdoor enclosures, where they were encouraged to be active during the day by being fed at this time, Devils more active in winter than in summer, therefore requiring more food. And they were minimally active on hot days in summer (Kelly, 1993).

Movements
Like the young of most mammals, young Devils usually disperse after weaning. And they may move large distances in their search for a home area of their own. A young (18 months) female, for example, moved 110 km in two and a half months, an average of 1.2 km per day (Newsletter, 2007). And another sub-adult female moved 25 km in 10 days and then another 8 km over the next two days (M. Jones, in Jones et al., 2004). In general, Devils 1-2 years old move more than older animals (Brandenburg, 2010).
A male Devil of unspecified age, but “out of home range,” moved an astonishing 50 km in one day (M. Jones in Jones et al., 2004; Parer and Parer-Cook, 2004; McCallum and Jones, 2006; C. Pukk, in Hawkins et al., 2006). And another adult male was said to have moved 50 km in 48 hours (Jones, 2008). Another animal was reported to have made “a regular 40-kilometre return trip to visit a rubbish tip (Jones, 2008; see also M. Jones, in Parer and Parer-Cook, 2004).
Individual Devils can easily move three km in a night (Guiler, 1970a), and movements of seven km in a night have been recorded (M. Jones, in Hamede et al., 2008; see also Pemberton, 1990: fig. 6.6A).  Indeed, one lactating female moved 17.7 km (11 miles) in two days (Guiler, 1970a), which gives an average speed of 8.8 km per day. There is also mention of a movement of 16 km in one night (Guiler, 1978). 
Over a ten day period, animals in a 10-20 km2 grid moved between 0 and 6.5 km/day with an average of 1.0 km (Brandenburg, 2010).

A Devil may travel 8 km without stopping (Pemberton, 1990a).
There are seasonal differences between the sexes in movements. An early study found that the mean distance between recaptures for males was 1.8 km and for females 2.3, but no statistical comparison or dispersion numbers accompanied these figures. It was suggested that females move more than males due to their greater foraging activity when they were rearing young (Guiler, 1978).  More recent work showed that in summer, males move more than females; whereas in winter females move more (Brandenburg, 2010).

Devils often follow runs and trails made by other species, both exotic and native (Fleay, 1952; Green, 1967; Guiler, 1970a, 1978; Mooney, 1992). They also follow vehicular tracks (Guiler, 1970a, 1978; Taylor et al., 1985; Mooney, 1992; Lachish et al., 2007), beaches (Mooney, 1992), creeks (Mooney, 1992; Lachish et al., 2007; Hawkins et al., 2008) and rivers (Hocking and Guiler, 1983), although the attraction of the latter two may actually be their associated runs and trails. Perhaps they would follow any trail, track or road if it suited their intentions. In fact, researchers find these pathways and their junctions with each other and with creeks preferred trapping areas (Guiler, 1978; Hawkins et al., 2006; Lachish et al., 2007; C. Hawkins, in Hughes et al., 2011).
When unperturbed, Devils move steadily at about 3-4 km/h. The individual that moved 50 km in a day (above) would have averaged about 2.1 km/h. Humans walk at about 4-5 km/h.

When chased, Devils can run at about 12 km/h for short distances (Guiler, 1992). Over a short distance, at least, a human can run them down (Meredith, 1853; Guiler, 1992). One experienced observed reported Devils as “… capable of speeds up to 25 km/h when running along roads” (Jones and Stoddard, 1998) and later as “… running along roads at over 30 km/h” (Jones, 2003). The top speed, clocked from a car along 300 m, was 35 km/h (Parer and Parer-Cook, 2004; M. Jones, in Owen and Pemberton, 2005). Humans run at about 10-16 km/h.
The stamina of Devils can be partly inferred from experimental situations in which the animals run on treadmills moving at a fixed speed. In such a situation, maximum values were 30 minutes at 7 km/h, 22 minutes at 9 km/h and 14 minutes at 10 km/h (Nicol and Maskrey, 1986: figs 2-3). The observations of a very experienced field worker, however, suggest slightly greater stamina, Devils being reported capable of maintaining 10-15 km/h for several kilometres (N. Mooney, in DPIPWE, 2010).
When breaking into a burst of speed, Devils use anaerobic (oxygen-free) metabolism, which delivers a greater amount of energy over a short period than does aerobic metabolism but at a cost in terms of debilitating by-products that accumulate temporarily in the blood. If the activity is intense and prolonged, the animal may fatigue and stop what it is doing, and the metabolites may take more than an hour to be metabolised aerobically (Nicol and Maskrey, 1986). 

If given the choice, Devils appear to prefer to cross creeks and streams on dams (Guiler, 1978) or logs (Jones, 1994) instead of swimming. They swim well, but they seem to only enter water when frightened. One fled across an “icy” river when released from a trap (Fleay, 1952). And another swam “powerfully across [a] fast-flowing, 50-metre wide … [river]” (N. Mooney, in Owen and Pemberton, 2005). 
Digging 

Although it is known that Devils will dig to get at buried carcasses, to clear an obstruction to their shelter and to escape an enclosure, it is not clear to what extent Devils will dig to get live prey or to construct their own shelters. 
Those who keep Devils in outdoor enclosures have to be sure their walls and fences are secure, either by embedding them in concrete (Guiler, 1971) or burying them at least 800m deep (Newsletter, June 2010; see also Slater, 1993).

There is no description of how Devils dig for any purpose. However, the fact that the front claws tend to be more worn that the back claws (Green, 1967) suggests that when they do dig, they rely more heavily, perhaps even exclusively, on their front feet.
Locomotion
Devils are primarily ground-dwelling, although they can climb small trees and shrubs, the young being especially adept. They can also swim. However, an assertion that they are “active rock climber[s]” (Finch and Freedman, 1988) is without foundation.

Devils have two different gaits, one when walking and another when running. The Devil’s slow walking gait has been described as being “lop-sided, shambling” (Bauer, 1961), a “shuffle” (Guiler, 1964) and an “awkward slow lope” (Guiler, 1983b). This gait involves the foot placements evident in most four-footed mammals and leaves a track consisting of one print, then two nearly side by side and then one. The entire track is figured on the Save the Tasmanian Devil’s website Newsletter page and in the lower right hand corner of every odd-numbered page of Owen and Pemberton, 2005, and half the track is figured in Jones, 1994: p. 40.
The Devil’s running gait has been described as “cantering” (Fleay, 1952); a rocking horse motion (Guiler, 1992) and a “rocking amble (Mooney, 1992).” It leaves a distinctive track (Guiler, 1992: fig. 45; Mooney, 1992; Owen and Pemberton, 2005, p. 32), consisting of two approximately side by side prints and two single prints one well in advance of the other. The paired prints and the one front print closest to them represent the two rear feet and one front foot pushing off simultaneously while the single anterior print represents the other front foot hitting the ground as the rear feet are brought forward for the next jump. 
Furthermore, Devil videos and tracks show asymmetry in which front foot leads. The asymmetry can be determined from which side of the total track the front foot lies, left or right (Parer and Parer-Cook, 2004; STTDP website: fig. in Status, 3 August 2011). There may also be an asymmetry in the force exerted by the rear feet to judge from the depth to which each foot penetrated in one track made on sand (Guiler, 1992: fig. 45), which in this one case was on the same side as the leading anterior foot trace.
Devil’s can stand up-right on their rear legs (Owen and Pemberton, 2005: plate); presumably, the better to see or smell.

Home Range
Devils do not have territories, but they do have home ranges (Guiler, 1970a, 1971, 1992; Buchmann and Guiler, 1977; M. Jones, in Jones et al., 2004). In northeastern Tasmanian, the home ranges vary in size from 4.0 to 26.7 km2, with a mean of about 13 km2 (n = 9; Pemberton, 1990). A popular article’s rounding off this estimate to “in the order of 10 to 20 square kilometres” (Jones, 1994) could be potentially misleading.
Male home ranges are larger on average than female home ranges (M. Jones, in Jones et al., 2004). And home ranges both within and between sexes can overlap broadly (Guiler, 1970a, 1992; Pemberton, 1990; Hamede et al., 2009).
Typically, Devils emerge from their dens after dark and use familiar tracks and forest edges to move around their home ranges. These movements are punctuated by periods of stillness, lasting up to half an hour. Towards the end of the night, Devils move steadily for their home den, generally arriving before dawn (Pemberton, 1990).

Shelter Dens
Devils usually use a den for day-time shelter, mating and rearing young. Shelter dens may be situated under grass sags (Owen and Pemberton, 2005), in or under hollow logs (Guiler, 1960; Bauer, 1961; Bevilacqua, 2005b), in cavities in rocks, small caves or burrows (Jones et al., 1997), including those of another species, such as wombats (Green, 1967; Guiler, 1992). Devils may also shelter in the foundations of buildings (Green, 1967; STTDP Website; Nick Mooney’s Devil tales – it’s ‘all creatures great and small’ gone wild; 25 February 2011).
Within a coastal area that included coastal scrub bounded by tea tree forest, eucalypt woodland and buttongrass moorland, the tea tree forest was said to be ideal denning habitat for Devils (N. Mooney, in Pemberton et al., 2008).

Shelter dens may have a strong and unpleasant odour (Bauer, 1961)

A devil may use between one and eight dens within its home range (Pemberton, 1990: table 6.3; Guiler, 1992; Mooney, 1992; Owen and Pemberton, 2005; DPIPWE, 2010), which they move between every one to three days (Pemberton, 1990). The dens probably help define the Devil’s home range and are used by the same individual as long as it occupies its home range. 
Good shelter dens may be in short supply, raising the question of whether they are ever contested among Devils themselves or with other burrow-sheltering animals. There are reports of Devils sharing their den with at least one other animal, the wombat (Pemberton, 1990; Guiler, 1992), but supporting observations are lacking.

Given the high value of a good shelter den, it is also easy to imagine that they pass from one Devil to another (Owen and Pemberton, 2005) for virtually as long as they last.

Devils’ ranges often overlap broadly, but it is not known if different Devils use the same shelter dens at the same time or even at different times. One experienced field observer said that “more than one devil will use the same den.” But whether this means at the same or different times is unclear. And in any event, there were no supporting observations (Guiler, 1992; see also Jones, 1995). The only firm data are in the form of a proximity data logger study of individual contacts among 12 male and 15 female Devils between February and June (inclusive) in one year, which showed that almost no contact longer than about 40 minutes, as would be expected if animals were sheltering together routinely during the daylight hours (Hamede et al., 2009: fig. S1).
It is not clear to what extent Devils dig their own shelters.  In the wild, they will dig to re-gain their den under the foundations of a house, if humans attempt to block the entrance with stones and rocks (D. Sadler, in Owen and Pemberton, 2005). In captivity, they dig “shallow burrows” (Fleay, 1935; see also D. Schaap, in Newsletter, March 2011), a behaviour which can begin in Devils as young as about 30 weeks (Kelly, 1993). And one captive female dug a den under concrete slabs in which to rear her young (Oglesby, 1978). The front claws are usually more worn that the rear claws, indicating greater use (Greer, 1967), possibly due partly to digging with the front limbs.
It is also not clear to what extent Devils furnish their dens. Devils will furnish their retreats under houses with articles of clothing and bedding taken from their upstairs neighbours (N. Mooney, in Owen and Pemberton, 2005). And young Devils raised in a house will carry loose items of clothing into their shelter (STTDP Website; Nick Mooney’s Devil tales – it’s ‘all creatures great and small’ gone wild; 25 February 2011).
And in captivity, Devils will furnish their shelter sites with softer material as available. One observer whose experience was primarily with captive animals said the both males and females carry straw into their retreats (Fleay, 1935) and that both males and females make “comfortable beds” out of bark, button grass and leaves (Fleay, 1952). Two females, which used the same shelter site, would carry the den lining materials with them when they changed sites (E. Kirchner, in Owen and Pemberton, 2005). One female lined her newly dug den with grass and straw (Oglesby, 1978), and another female carried straw into a shelter site used by her and her nearly weaned young (Roberts, 1915). And, most convincingly, an adult of undetermined sex in a large, “free-range” enclosure was videoed biting off a large clump of tussock grass near its base and carrying it into a nearby den (STTDP Website: Survivor: Desert Island; 20 March 2010).

On the other hand, an observer, whose experience was with both wild and captive animals, said “neither grass nor vegetation is carried in to make a bed” (Guiler, 1992). But to judge from the observations mentioned above, this unsupported observation seems either too categorical or even just plain wrong.
In captivity, Devils have been observed to not defecate or urinate in their “nest box (Packer, 1966).” Presumably the same would apply in the wild.
Considering adult Devils have relatively few predators, it is likely that the use of a shelter den during the day has more to do with their physiology than protection (Pemberton, 1990). The equitable temperature and humidity parameters of a shelter burrow, at least, might provide energy savings associated with temperature and water regulation.

Mating Dens
There are relatively few observations on mating dens in the wild, and there are no observations about how the mating dens may be chosen, if they are chosen at all. It it unclear, for example, if a mating den is either the male or female’s primary den, or if it just any den in which a male and female happen to shelter den on any day in the mating period?
There are only two observations of mating dens in the wild (Pemberton, 1990), and one of these was described simply as being “an underground mating den (Owen and Pemberton, 2005).”

There are also only two observations from the wild about the time a pair spends in a mating den and both involved the same male with two different females in two different dens. In the first instance the pair stayed in the den for eight days and in the second they stayed together for five days (Pemberton, 1990; Owen and Pemberton, 2005).

In captivity, males will keep females in dens during the mating period and defend them against intruders (Roberts, 1915; Fleay, 1935). This behaviour can begin quite suddenly and is usually associated with a reversal of the usual dominance roles between males and females. 

In an account of one pair in which the female was usually dominant, with the onset of the mating season, the male became dominant and kept the female confined in a den for “ten or twelve days.”  If the female attempted to leave the den, the male would drag her back in by the ear or “any other part.”  During this time, the male would bring the female food. After the brief mating period, the female became dominant once again (Roberts, 1915). In another account, a male kept a female in his den for ten days (D. Schaap, in Macey, 2008).
One Devil researcher said that when in a mating pair, neither individual feeds (Jones, 1994). But the source of this information and whether it derives from observation of wild or captive animals is unclear.
Rearing Dens

In the wild, females use their “primary,” or most-used, shelter den as the rearing den for their young. However, they may also continue to use other shelter dens; that is, they may not return each night to the rearing den, especially as the end of weaning approaches (Pemberton, 1990). 

In captivity, female Devils may use an existing shelter den as a rearing den, or they dig a new one shortly after mating (Oglesby, 1978).

In the wild, females will defend their rearing dens from large predators such as humans. One female, for example, rushed a human who was growling speculatively at its entrance (Mooney, 2006; STTDP Website; Nick Mooney’s Devil tales – it’s ‘all creatures great and small’ gone wild; 25 February 2011).

Little seems to be known of the location of rearing dens in the wild. One experienced field observer reports that female Devils with unweaned young “covet” dens “in rock substrate” (Jones, 2008). Another experienced observer is reported as saying that maternal dens may be clustered together if there is limited soil suitable for burrows (D. Pemberton, in DPIPWE, 2010). This suggests that rearing dens may be sited in soil suitable for burrowing. 

Another experienced observer noted two rearing dens under the same house, separated by part of the foundation and with the entrances only 25 m or so apart (STTDP Website; Nick Mooney’s Devil tales – it’s ‘all creatures great and small’ gone wild; 25 February 2011).

In the introduced population on Badger Island, “different breeding females may be caught outside the same den site … (N. Mooney, unpubl.)” (Hawkins et al., 2008). It is not clear, however, exactly what “breeding females” means in this context: mature females in the reproductive season; in oestrous; with pouch young, or young in the den?
In captivity, and no doubt the wild, females furnish their rearing dens with a variety of plant materials such as bark, grass, leaf litter, sticks, straw, twigs and even small logs (!; out of desperation?) (Roberts, 1915; Oglesby, 1978; Kelly, 1993; Smith, 1993; Parer and Parer-Cook, 2004). The females carry the materials into the den with the mouth and manipulate it with the paws (Roberts, 1915; Kelly, 1993). Furnishing may occur anytime between shortly after mating (Oglesby, 1978; Kelly, 1993; Parer and Parer-Cook, 2004) and when the pouch young are three and a half to four months old (Smith, 1993; see also Roberts, 1915). 

The observations of “breeding females” being caught outside the same den and of rearing dens being “clustered together” (above) suggest that females with denned young are tolerant of one another. Indeed, some brief observations of captive females sharing rearing duties suggest that cooperation may even occur. Two females with pouch young shared the same den and occasionally appeared to suckle each other’s young. Later, they certainly carried each other’s young on their backs. They would, however, vocalise and fight in the presence of their young (Smith, 1993).

There is little information on how far a female with young in a den may go to forage or how long she may be away. But a lactating female was trapped twice in two days over a distance of 17.7 km (straight-line) (Guiler, 1970a). This observation suggests that some females may spend many hours away from their young and travel long distances to forage.

Young Devils appear to rarely, if ever, venture outside the rearing den before they are nearly ready to abandon it entirely. One experienced observer has seen Devils as small as 400 g “more than 100 m away from known dens” and “they usually run quickly back to the den (STTDP Website; Nick Mooney’s Devil tales – it’s ‘all creatures great and small’ gone wild; 25 February 2011).” But another experienced observer stated that the “… young are never observed outside the dens until near weaning (Pemberton, 1990).”
A poster available on the STTDP Website states that in the den the mother teaches her young what to eat and “about dangers.” It also says that when the young “hear a noise, they will hide in crevices in the den, keeping very quiet, until the mother calls to let them know it is safe.” Although plausible, none of these assertions are supported by anything in the published literature.

Hibernation

There is no evidence that Devils hibernate, not even those living at the highest elevations (Jones et al., 1997; Jones and Barmuta, 1998). Indeed, as scavengers, Devils may be well placed to take advantage of harsh conditions that might lead to the deaths of less robust species.
Densities
The density of Devils varies according to habitat. In general, densities are lowest in wet rain forests and sedgelands and in cool alpine moorlands, intermediate in wet sclerophyll habitats and higher in dry sclerophyll habitats (Pemberton, 1990).  

In “unmodified habitat,” typical densities were probably relatively low, on the order of 0.3-0.7/km2 (M. Jones, unpublished, cited in DPIPWE, 2010). Today, in moist forest and highland herb lands densities are ≤ 2 animals/km2 (Jones et al., 2007); in the northwest they vary from 0.8-2.9/ km2 (Hamede et al., 2008) to 3.3-4/ km2 (DPIPWE, Annual Report for 2010), and in lowland open woodland adjacent to grazing lands they can be as high as 12/km2 (Pemberton, 1990; see also Guiler, 1970a; Mooney, 1992). An experienced field researcher’s early report of “over 100” Devils having “been taken from about 100acres” (Guiler, 1964) on the “west coast” equates to about 247/km2, which seems extraordinarily high.
On some pastoral properties with low intensity stock management, Devil densities may exceed 4/km2 (N. Mooney, in DPIPWE, 2010). And on some sheep properties, which generate a supply of dead stock, densities can be as high as 8.8/km2 (Buchmann and Guiler, 1977). Before they were removed, animals in the introduced population on Badger Island reached a density of 8.6/km2 (Hawkins et al., 2008).
Devils are usually surveyed by catching them in traps baited with meat. Experience shows that in any one area, the number of animals captured peaks in about three or four nights and then falls away. Hence, estimates of densities based on trapping results need to take this result into account. Trapping also shows that even in “Devil country,” individual traps may never catch anything (Guiler, 1978).
Local populations can fluctuate over time in ways that are often difficult to understand (Guiler, 1978, 1982, 1983b). At one locality, a population decline seemed to be associated with weight loss in the animals (Guiler, 1983b), but what caused this loss is unclear.
Population Fluctuations
Ecologists estimate that at the time of European arrival, there were about 45 000 Devils in Tasmania (Jones and Rose, 1996, cited in Jones et al., 2004). Anecdotal accounts and indirect evidence, however, suggest that Devil populations fluctuated markedly after European settlement (Guiler, 1992). According to these accounts, the population was high at the time of first European settlement (Harris, 1808) and up until at least 1825 (#) or perhaps even later in the first half of the 19th Century (L.A. Meredith, 1853; see also L.A. Meredith, in Walch, 1890), but low shortly thereafter (Meredith, 1853; Gould, 1863), then high from sometime before1880s (#) to the early 1910s (Smith, 1909; but see Hobart Mercury 3 November 1920 – ‘ “even scarcer than the “tiger” ’) but low from the late 1910s (Lord, 1919a-b; Mackenzie, 1921 – “almost extinct;” Flynn, 1922; Hobart Mercury, 27 July 1922, 14 August 1925 – “now practically extinct,” 9 September 1926 – “numbers have diminished considerably within the last six or seven years;” Bernie Advocate, 20 December 1928; Carter, 1933; Hobart Mercury, 29 November 1935 – “now nearly extinct,” 3 June 1936 – “extremely rare,” 24 February 1937 - “not been seen in the district [Perth, NE Tasmania] for more than 30 years;” Guiler, 1964, but see Le Souef and Burrell, 1926; Lord, 1928; Macintosh, 1971) to the early 1950s (Hobart Mercury, 26 May 1951; Guiler, 1960, 1964, 1983a; G. Davis in Owen and Pemberton, 2005) but rising  in the 1960s (Guiler, 1964, 1970a, 1978; Anonymous, 1966; Green, 1967; Bradshaw and Booth, 2005: fig. 1) and remaining high until the advent of Devil Facial Tumour Disease in the mid-1990s. Indeed, the population may have been at its highest ever just before the advent of the disease (Green, 1967; Guiler, 1992; Mooney, 1992; G.J. Hocking in Jones et al., 2004). At this time, Devils were no longer persecuted relentlessly and had the benefit of both the carcasses generated by both grazing (Guiler, 1970a; Mooney, 1992) and farming, and the garbage created by an increasingly affluent society. 

It has to be emphasised, however, that the “evidence” for these population fluctuations is very weak (Owen and Pemberton, 2005), and may only reflect local conditions in settled areas. The middle “high” could be an artefact, which if disregarded would reduce the “fluctuations” to a long decline as settlement progressed, with a rise after Devils were protected in the middle of the last century and attitudes to wildlife began to change. In any event, recent genetic analysis shows no evidence of the population having passed through any “bottleneck” since European occupation (Jones et al., 2004). 
Furthermore, Devils are hard to just see casually at the best of times. Just prior to the arrival of the facial tumour disease, that is, possibly at time when Devils were at their most common, one very experienced field observer reported having seen only “half a dozen” free ranging Devils on her 200 km2 study site in 12 years (Grzelewski, 2002). The only reliable way to census Devils is through a standard monitoring protocol, such as regular trapping, bounty payments (in an earlier day) or counting roadkills.
The earlier fluctuations, if they were that, have been attributed to disease, but without supporting evidence (Guiler, 1964, 1983a, 1992; Green, 1973; Mooney, 1992; Jones, 1995).  Toxoplasmosis, a disease caused by a protozoan parasite, has been mentioned in relation to some historic declines in Australian wildlife, but the only published results of a survey of contemporary Devils (N = 3) was negative (Munday, 1966). A distemper-like disease has also been mentioned (Mooney, 1992; Jones, 1995), although, again, with little supporting evidence. It would be interesting to examine tissue from specimens alive at the time when these declines were reputed to have occurred for evidence of these or other diseases.
The latest increase from the 1960s, however, was probably due in large part to legal protection accorded the Devil in 1941, the curtailment of strychnine to control rabbits in the early 1950s (Stratham, 2006; McCallum and Jones, 2006) and changing attitudes about the natural environment. It may have also been aided by the absence of the Thylacine (Hawkins et al., 2006).

Diet

The Devils’ diet in the wild is known primarily from analysis of their scats (Jones and Barmuta, 1998) and stomach contents (Green, 1967). The only difficulty with this source of information is that it says nothing about how the animals obtain their food, either by scavenging or predations. Most commentators, however, imply that scavenging is more important than hunting (Guiler, 1992).  Scat and stomach contents along with other observations suggest that the Devil is mostly carnivorous. Indeed, it is often advertised as the world’s largest living marsupial carnivore (Pemberton and Renouf, 1993). 
The remains in scats that are most useful for inferring the Devil’s diet at the generally contain the difficult-to-digest keratin parts of its food such as claws, feathers, fur, scales and teeth (Fleay, 1952; Guiler, 1964). Teeth are usually readily identifiable as to species. The scale and fur can usually be identified to species or species group using microscopic features. Feathers, however, can be more problematic. Remains unidentifiable visually can now also be assessed through DNA analysis.

Most of the material in a scat, by weight, is bone. In a collection of 50 dried scats, nearly half the weight (47 percent) consisted of 3868 bone fragments. These had an average length of 11.7 mm and a maximum length of 34 mm (Marshall and Cosgrove, 1990; see also Lundelius, 1966 and Hall and Jones, 1990). One researcher even found the forearm of a wallaby in a scat (Jones, 1994). The high bone (calcium) content of the scats often gives them a whitish cast (Guiler, 1992: fig. 26; Jones, 1994).
In the wild, Devils eat a variety of animals: invertebrates, fish, lizards, snakes, birds, antechinuses, pademelons, possums, gliders, mice, quolls, wallabies and wombats (Green, 1967; Jones, 1994, 1998; Jones and Barmuta, 1998; Owen and Pemberton, 2005).
In captivity, Devils will eat natural foods such as marine invertebrates, fish, frogs, birds and their eggs, macropods, mice, possums, guinea pigs, rabbits and rats as well as meat from cattle, macropods and sheep (Fleay, 1952; Hartz, 1966;Guiler, 1971; Sallis et al., 1973; Sallis and Guiler, 1977; Oglesby, 1978; Green and Eberhard, 1979; Williams, 1981; Sobbe, 1990; Kelly, 1993; Slater, 1993; Smith, 1993; Hesterman and Jones, 2009). They will also eat manufactured food such as dog biscuits and pellers (Guiler, 1971; Sobbe, 1990) and mink food (Hartz, 1966).
Devils devour most of their food, leaving little behind. They eat bone as well as keratin in all its forms: scales, feathers, fur, claws and hooves. About the only parts they do not eat are heavy bones such as wombat skulls (Guiler, 1964; Jones, 1994) and cow long bones, pelvis and skull (Guiler, 1964). Given the Devil’s proven ability to crush and devour all but the largest bones of the largest carcasses within its domain, it is of little surprise that based on an indirect measure involving skull dimensions and jaw muscle cross-sectional area Devils have the strongest bite force relative to size of any living carnivore (Wroe et al., 2004; Attard et al., 2011; see also Macalister, 1872; Lord, 1928 and Gill, 1953).
In the wild, Devils ingest “a surprising amount” of vegetable matter (Guiler, 1964, 1992; Jones, 1994), which one early worker suggested was to aid digestion (Guiler, 1964). In captivity, Devils eat apples, carrots and celery (Kelly, 1993). Hence, although generally thought of as a carnivore, Devils might be more omnivorous than previously given credit for.
Devils rarely reject any form of flesh. But in captivity, one female refused to eat meat from either cattle or horse (Fleay, 1935), and two young animals, a male and female, left two bandicoots largely untouched (Douglas et al., 1966).
Devils as Scavengers
As scavengers, wild Devils eat items that vary from still quivering to partially decayed, as evident from the maggots found in stomachs (Guiler, 1970a, 1992). In captivity, Devils will eat carcasses that have begun to stink (Ewer, 1969).

Devils have almost certainly benefited from European agriculture through the introduction of exotic stock animals (Pemberton, 1990; Guiler, 1992), which often die under the harsh Tasmanian conditions. They have also benefited from the native animals shot and poisoned as “pests.” And they have done well out of the rubbish tips established around towns and homesteads (Guiler, 1992). The carcasses arising from vehicular traffic, however, would have been a mixed blessing for Devils, as these new feeding fields also became their new killing fields.

Devils will also ingest pieces of manufactured materials such as cartridge wadding, gloves, rubber and leather boots, pieces of plastic, rubber thongs, running shoes, silver foil, socks and tea towels (Guiler, 1970a; Buchmann and Guiler, 1977; Jones, 1994). Clothing made from animal skins, such as boots and gloves may contain enough residual smell of the original owner to be attractive, and articles made of non-animal materials may pick up carrion-like smells (smelly sandshoes). In any event, to the extent that these items are purposely eaten, they show that Devils are very generalist scavengers.

Devils will not attack a sleeping human, but they will eat a corpse (Guiler, 1992). If one were to die while bushwalking in Tasmania, the family might not have much left to bury. They will also tunnel down to dead animals that have been buried (G. Sutton, in Owen and Pemberton, 2005).

Devils as Predators
In the wild, Devils will attack warm blooded prey such as chickens (Roberts, 1915), ducks (Roberts, 1915; Fleay, 1935), young rabbits (Pemberton, 1990; Guiler, 1992), cats (A.D. Fergusson in Fleay, 1952), new-born lambs (Guiler, 1992), platypuses (N. Mooney, in Munday et al., 1998), sick sheep (Guiler, 1992) and young dogs on a chain (Green, 1967). None of these species, except for possibly the cat and dog depending on their size, would be able to offer much resistance. 
Devils will also catch and kill “cold-blooded” vertebrate prey such as lizards and snakes (Fleay, 1952; Guiler, 1992). 

They also forage for invertebrates such as colonial ascidians (Guiler 1970a), kelp maggots (N. Mooney, in Owen and Pemberton, 2005) and moth larvae (“corbie grubs,” Guiler, 1983a). In eating insects, the Devil is not only Australia’s largest carnivore, but also its largest insectivore (C. Dickman, in Darcé, 2010).
Assertions that Devils are “effective predators of medium-large prey such as wallabies” (Jones, 2008) are unsupported by observations in the literature.
Devils as Cannibals

Devils are cannibalistic (Green, 1967; Guiler, 1970a, 1971, 1983b, 1992; Jones and Barmuta, 1998). Devil scats and stomach contents occasionally contain the remains of other Devils.  But as with other food items found in scats or stomachs, there is no way to tell whether the food has been scavenged or predated.  There is, however, a record made in captivity of a mother and possibly her other young eating a dead young even though other food was plentiful (Fleay, 1935, 1952).

If other Devils are predated in the wild, it is the young that are likely to be at the greatest risk of being killed and eaten (Guiler, 1983b). And in communal feeding at carcasses, subadults are more vigilant than adults, even occasionally rearing up on their rear legs to look around unlike adults ever do (Jones, 1998).  
Amounts Eaten
Devils can eat large amounts in one meal. One researcher recorded a Devil as being 2 kg heavier after having fed overnight on a sheep. Unfortunately, the Devil’s “before” body weight was not published (Guiler, 1970a), although a figure of 25 percent was published later as a general comment by the same author (Guiler, 1992). More recently, researchers found that Devils can eat up to 40 percent of their body weight in one meal (Pemberton and Renouf, 1993). This means an adult female Devil could eat all of an adult ringtail possum or juvenile brushtail possum and an adult male Devil, all of an adult brushtail (Jones and Barmuta, 1998).  With a “good” carcass, a Devil can consume its maximum capacity in about half an hour (Owen and Pemberton, 2005). And Devils can eat their fill every two or three days (Owen and Pemberton, 2005). 
An adult Devil might spend about an hour and a half feeding at a carcass and may leave the carcass for a while and then return to feed again (Jones, 1994). After feeding heavily, a Devil may not return to feed for 3-8 days (Pemberton and Renouf, 1992).
When gorged, a Devil’s belly becomes noticeably distended (Jones, 1994), and they may not move far from the carcass to digest a prodigious meal (Owen and Pemberton, 2005). Indeed, on one occasion, Devils were seen emerging from the interior of a carcass as if they were using it for a shelter site (#).
Devils can make short work of a large carcass. In one instance, they devoured a horse about 160 cm at the shoulder in three days, leaving only some bones and tail hairs (Guiler, 1992). They may also return over long periods to gnaw on a carcass. In one case, Devils kept visiting the remains of a cow months after it had died (Guiler, 1992).

In one area of the central highlands, there was large overlap year around in the diets of males and females. In fact, the most noticeable general trend was for larger Devils to include a larger proportion of larger animals in the diet (Jones and Barmuta, 1998).

There was also a seasonal shift in diet. In summer, the greatest proportion of the diet of both sexes was large mammals in summer but medium-sized mammals in winter (Jones and Barmuta, 1998).

In captivity, keepers can feed Devils a rabbit a day (Bauer, 1961; Oglesby, 1978) or, more precisely, about 70 g (Oglesby, 1978), 200-300 g (Slater, 1993) or 250-800 g (Hughes et al., 2011) per day.
Prey Capture

There are some general statements in the literature of how Devils capture and kill prey, but some of these are contradictory and none have been supported with actual observations.
Some of the generalisations about how Devils kill prey are quite categorical. For example: “Devils kill by attaching themselves to the head or chest region of the prey, adjusting their bite and hanging on until the animal succumbs” (Jones, 1996). 
And some of the generalisations are contradictory. For example, one observer has said that Devils “… kill prey using a crushing bite to the skull, nape, or chest, depending on the relative sizes of the predator and prey, in which the canines penetrate the skull (smaller prey) or the nape or chest (larger prey …)…(Jones, 2003, p. 292). But the same observer in the same article also said “… their strong, crushing, but generally non-penetrating, killing bite to the chest, head or nose of the prey … (Jones, 2003, p. 292) (italics added).

The details of prey capture and killing have been published for captive individuals. In one series of observations, when offered a live rat, a young male usually attacked the head or neck, killing the prey with a single bite (Ewer, 1969). But in series of observations involving several individuals, no animal showed a propensity to attack any particular part of the prey, although the final, “definitive” bite was invariably delivered to the head (Buchmann and Guiler, 1975).

When fed live prey, such as small mammals, in captivity, Devils are often hesitant to attack the prey and may even avoid it. When they do attack, they often seem inept and uncertain at first, with only some individuals becoming more proficient with practice (Ewer, 1969; Moeller, 1974, as cited in Buchmann and Guiler, 1977; Buchmann and Guiler, 1976).
Prior to biting, Devils may stab or grasp the prey with a front foot (Buchmann and Guiler, 1975).

In captivity, a litter of four young with no previous experience in killing, attacked, killed and ate a bandicoot that accidentally entered their enclosure. The prey was initially immobilised by a bite into the backbone and then killed with repeated bites by all the young Devils (Buchmann and Guiler, 1977).

Early bushmen reported that “one or more” Devils would follow a Thylacine on its hunting trips and eat the remains of its only partially eaten kills (Lord, 1928; Fleay, 1935). No doubt, Devils finished such kills, but whether the Devils actually followed Thylacines with this in mind seems problematic.

Feeding and Food Handling
Observations on feeding and food handling in the wild come largely from observations made at large carcasses. Wild Devils usually enter the fresh carcasses of large animals through the belly (Jones, 1996), where the skin is softest and there is direct access to the soft intestines.

One study of feeding times at carcasses found that the mean time spent feeding continuously was 29.6 ± 4.7 min and discontinuously, 45.0 ±13.1 min, the difference not being significant, with a combined mean, therefore, of 34 ± 4.5 min (Pemberton and  Renouf, 1993). Adult males fed longer than all other Devils, perhaps simply because they needed more time to feed to satiation (Pemberton and Renouf, 1993).

Although not quantified, one experienced field worker thought that the feeding rate at carcasses increased “substantially” as the group size rose from one to three (Jones, 1998). 

Wild Devils apparently eat chunks of meat nearly whole with little chewing, because trappers often find the intact meat baits in Devils’ stomachs as well as the intact feet of smaller animals such as bandicoots and rabbits (Guiler, 1970a).
Whether Devils in the wild carry prey or bits of prey back to their diurnal shelters is unclear. An archaeologist noted that “they have never been shown to bring prey into their lairs (Solomon, 1985) (Hall and Jones, 1990).” But Devils must carry some of their food to their diurnal shelters, because these refuges often contain food remains, such as skin and bone (#; see also Mooney, 1992). Perhaps it is a matter of proximity.
Much more is known about feeding and prey handling in captivity, but how applicable this may be to life in the wild is unclear. In an earlier day, live prey was sometimes offered as food, and in one case, the observer pointedly recorded that his Devil did not stalk its prey but simply bit out at it when it was close (Ewer, 1969; see also Eisenberg and Leyhausen, 1972). Whether this observation is relevant to wild Devils and the issue of their hunting versus scavenging behaviour is unclear.

A captive female would pursue mice until she caught them and then kill them with a neck bite and shaking (Pemberton, 1990).

Captive Devils consume small prey rapidly, devouring a small bird or mammal in its entirety in five to ten minutes (Buchmann and Guiler, 1977).
Devils often use the front feet to hold and manipulate pieces of food (Ewer, 1969; Eisenberg and Leyhausen, 1972; Sanderson et al., 1979: fig.1; Guiler, 1992: fig. 11). They will use both feet to hold a large piece of meat on the ground while they pull parts of it off with the teeth. They will also hold a smaller piece of meat in one foot to pull a piece off. And they use their front feet to “cram lengths of intestine into the mouth like spaghetti” (Buchmann and Guiler, 1977).
Some observations on captive Devils indicate they start eating small mammalian prey (rats) head first, apparently using the lay of the pelage to indicate where the head end is (Ewer, 1969). But other observations indicate Devils start eating at the part of the prey closest to them, although this is often the head as a Devil’s “final, definitive bite was invariably directed at the skull” (Buchmann and Guiler, 1975). 

One captive Devil chewed the head off dead fish before eating the body (E. Kirchner, in Owen and Pemberton, 2005). Another Devil would push off the skin of a freshly killed rat from neck to tail, turning it inside out. It would then eat the flesh but leave the discarded skin (Ewer, 1969). This is the only observation of a Devil not devouring its prey’s skin.
Fresh blood appears to be highly stimulating. For example, Devils can be induced to start eating at any spot on a carcass where there is fresh blood (Buchmann and Guiler, 1975). And spilled blood is “licked up meticulously” (Buchmann and Guiler, 1975).

In captivity, Devils fight over small food items. Often all the Devils in an enclosure will be pull vigorously on a single chunk of meat, a behaviour that exhibitors take advantage of to offer a spectacle to their visitors. If one Devil gets possession, it will often run to its shelter (Buchmann and Guiler,. 1975), closely pursued by the others. Needless to say, one Devil will take food from the mouth of another if it can (Eisenberg and Leyhausen, 1972). Sometimes a Devil will lie on its food to prevent it being taken by another individual (Buchmann and Guiler, 1975).

In captivity, Devils may eat just-killed prey on the spot or carry it to a “usual” feeding spot (Ewer, 1969) or a more secluded part of their enclosure, often one they use for resting (Buchmann and Guiler, 1975). When a kill is moved, it is either picked up and carried or dragged, depending on its size (Buchmann and Guiler, 1975).

Caching

There is no evidence that Devils in the wild cache food, even during winter in the central highlands (Jones and Barmuta, 1998). 
During the first month or so when wild Devils are put into captivity, they eat and drink very little, but they do occasionally cache food in their nest boxes. However, they rarely appear to eat this food (Jones et al., 2005).

Drinking.
Devils drink and make a noisy “clop-clopping” sound when they do, at least in captivity (Fleay, 1935, 1952).

Gut Passage Times

Fur- and bone-free food takes food about 24 hours to pass through a Devil’s gut (Hesterman et al., 2008). But food containing fur and bone takes 2 to 3 days to clear the gut (Douglas et al., 1966).
Scats, Defecation and Urination
Most researchers find Devil scats easy to identify (Mooney, in Warner, 2001). But others are not so sure that they can be readily distinguished from quoll scats (Mumbray, 1992). Devil scats are relatively large, averaging about 15 cm in length but occasionally reaching 25 cm (and 3 cm in width), and slightly twisted (Guiler, 1964, 1966; Lundelius, 1966: plate 28 a-c; Mooney, 1992; Triggs, 1996; Owen and Pemberton, 2005; Pemberton et al., 2008) but apparently less so than sympatric native cats, Dasyurus. When fresh scats dry, they “spring open” and appear even larger (Mooney, 1992).
Opinions differ as to where Devils defecate. Field workers comment that Devils often deposit their faeces along the trails they use (Guiler, 1992; Jones, 1994). Devils may also defecate in the same area, creating so-called “latrines” (Guiler, pers. comm. in Marshall and Cosgrove, 1990; Pemberton, 1990; Guiler, 1992: fig. 27; Mooney, 1992; Pemberton et al., 2008; STTDP Website: Insurance Devils settle into Freycinet FRE [Free Range Enclosure]; 24 February 2011; Newsletter, 2011).  One field study found that these latrines occurred mainly along paths or tracks crossing creeks but were also be associated with dams, tracks, firebreaks or even granite slabs (Pemberton, 1990). A latrine is usually less than 15 m2 in area and may vary in shape from roughly linear to square (Pemberton 1990). The latrines are used year around (Pemberton, 1990).
Devil scats, like the droppings of most mammals, contain odorous compounds indicative of an animal’s sex, age and physiological state, and hence latrines may play a role in social interactions (Pemberton, 1990). Indeed, the apparent attractiveness of latrines is such that researchers use “artificial latrines” to draw animals to particular sites (STTDP website: Populations persist at ‘ground zero,’ 1 June 2011). 
Some archaeologists, who take an interest in the remains of what Devil have been eating because they can be confounded with the remains of what Aboriginals may have been eating, have claimed that Devils do not use latrines but “… tend to defecate at the kill or scavenge site” (Marshall and Cosgrove, 1990). However, they gave no references and proceeded to analyse the remains of scats found in several sandstone rockshelters in central Tasmania. Archaeologists have also collected scats from a Devil’s lair in a limestone cave (Hall and Jones, 1990). 

Extracts from fresh Devil scats can inhibit feeding in captive goats and Eastern Grey Kangaroos, but not as effectively as extracts from Tiger (Cox et al., 2010).

In captivity, urination is associated with activity, specifically running on a wheel, although it was not clear whether the urination occurred before or after a bout of running (Packer, 1966). The biological relevance of this association is not clear.

In the wild, urination has been observed in animals approaching a carcass with other Devils already in attendance (Pemberton and Renouf, 1993). Whether this is signalling or simply “load lightening” in the event of being chased in unclear.

Scavenging Behaviour
Devils seem to rely heavily on a sense of smell, because when an animal travels, it “noses the ground almost continuously in its slow meandering gait” (Green, 1967). Indeed, Devils are said to be able to smell food up to a kilometre away (Owen and Pemberton, 2005). A farmer who provides a “devils dining” wildlife experience drags roadkill several kilometres to his “restaurant” made the interesting observation in passing that “the devils will know which way it [the dragged roadkill] is going (G. King, on ABC Landline,29 June 2003).” This suggests that they may be able to detect a subtle odour gradient.
Devils may also rely on their sense of hearing, as they seem to be attracted not only to the vocalisations of other Devils around a carcass but to the distress calls of animals (Mooney, 1992). 

The importance of sight is controversial. One field observer thought sight was important in “socialising, navigation and when hunting small, active animals (Mooney, 1992). But a keeper said that Devils’ “eyesight goes to about four or five feet (1.2-1.5 m)” (G. Irons, in Cart, 2011). An experienced field worker thought that the “Devil’s sight is defective in light (Guiler, 1960).” Perhaps vision, at night at least, is important for close-in work but not over great distances.
One very experienced field observer notes that the Devil’s food is “mostly scavenged” and its foraging method seems to be “almost ceaseless patrolling … [and] favourite feeding areas are carefully examined then the animal moves more rapidly to the next likely area (Mooney, 1992).”

Devils will also dig up buried food, which they almost certainly detect by smell. For example, wild Devils will dig up meat baits buried 15 cm below the surface (Hughes et al., 2011) and have dug through sand to feed on a buried horse (Owen and Pemberton, 2005). Captive Devils will dig up food that is buried in their enclosures to diversify their activities (Owen and Pemberton, 2005). This ability to dig up buried flesh has raised a concern that Devils may dig up poisoned meat baits set (buried) for fox control (The Mercury, 9 July 2010). This concern, however, may be misplaced (below).
Devils are capable of eating almost all the body parts of the largest terrestrial animals they find dead. The jaws and teeth are powerful enough to crush most of the bone of the largest animals. Only the skulls of wombats (Guiler, 1964; Jones, 1994) and the skull, long bones and pelvises of cattle (Guiler, 1964) are left unbroken (see also Mooney, 1992).

Crushing the bones of other animals is not without its risks, however, as Devils sometimes cut themselves on the jagged bones (Buchmann and Guiler, 1977).

Devils usually devour a carcass in its entirety fairly quickly. For example, a group of Devils can devour a large carcass, such as that of a wallaby, overnight (Green, 1967). On the other hand, one researcher wrote that “they will return to a cow skeleton for months after it was killed” (Guiler, 1992). 
Devils are sometimes called “specialised scavengers” (Hawkins et al., 2008; Jones, 2008) in that many of their morphological adaptations allow them to eat all but the most resistant remains of large animals, such as thick bones. 
Predatory Behaviour
Although Devils are considered to be partly predatory, there are relatively few observations of Devils actually hunting, catching and killing prey in the wild. 
Despite this, some researchers frequently use the word “prey” for Devils’ food when, in fact, the origin of that food is unknown, because it has been found in scats or stomachs (e.g., Jones, 1997; Jones and Barmuta, 1998, 2000). This lax usage may contribute to the belief that Devils are more predatory than they really are.
Some of their smaller prey species, such as moths and tadpoles (Own and Pemberton, 2005), are unlikely to be found either as carrion or in or around carrion and therefore are likely to have been predated instead of scavenged. And there are specific observations of Devils foraging for kelp maggots along the strand line (N. Mooney in Owen and Pemberton, 2005). One hand-raised young female devil found a den of young rabbits, dug into it and ate the young (Pemberton, 1990). Presumably, therefore, completely wild Devils would do the same.
Devils can kill animals of intermediate size, that is, animals about their own size. In the wild, Devils will attack, apparently, cats in houses (A.D. Fergusson, in Fleay, 1952) and young dogs on chains (Green, 1967). They will even chew through wire mesh to get at small animals caught in traps made of chain link fencing material (D. Randall, in Owen and Pemberton, 2005). In captivity, Devils will also attack animals that happen to enter their enclosures such as Muscovy ducks (Fleay, 1935) and juvenile Tamarin monkeys (Anonymous, 2001). But this does not mean they could catch any of these species if they were free-ranging.
Devils may also be able to catch the young of larger animals, either in the open or in nests and dens. But again there are no first hand observations. One experienced field observer once wrote: “it is recorded that a young devil dug out a rabbit burrow and ate the young” (Guiler, 1992), but this sounds very much like a second-hand account.

And it has been said that Devils “… will kill juveniles [of wombats] …” (Jones, 2003), but there are no published details.
Devils can climb, the young being especially adept (Roberts, 1915; Guiler, 1971; 1992: fig. 14; Jones, 1994, 1996; Jones and Barmuta, 2000; E. Kirchner, in Owen and Pemberton, 2005; N. Mooney and S. and R. Gale, in Pemberton et al., 2008). They will climb shrubs, small trees with trunk diameters ≥ 10 cm and large trees with trunk diameters > 40 cm and leaning from the vertical 30 - 40º or more. The highest they have been recorded climbing is 7 m (Jones and Barmuta, 2000). 
The Devil’s climbing ability has led to the supposition that they may climb to catch birds (Guiler, 1970a, 1983) and perhaps mostly arboreal mammals such a Ring-tailed Possums (Green, 1967). But again, there are no direct observations of bird or possum predation. There is even an observation of a Devil attracted to a feeding area for tourists, searching for bits of meat among the offerings but showing no predatory interest in a group of possums that had also been attracted (Jones, 1994). In fact, one researcher believes adult Devils may climb simply to gain a vantage point (Jones, 1994).
In captivity, Devils will eat chicken eggs, but it is not clear if the eggs were offered whole or broken (Fleay, 1935; Kelly, 1993). Devils immediately recognise whole emu eggs as food and can get their mouths around them, but it may take them a day to learn to break the shell (Williams, 1981). If Devils can eat such large bird eggs in captivity, they should be able to eat much smaller eggs in the wild.

As to large prey, it has been asserted that the Devil is a “… predator of large terrestrial prey …” (Jones and Barmuta, 2000) and that its prey is “primarily wombats, wallabies, pademelons and possums … (Jones, 2003; see also Jones, 2008). And while there are observations of Devils eating possibly still-living macropods in snares, there are very few published observations of Devils pursuing, let alone actually catching and killing any of these animals when free-ranging. 
There are three second hand, but reliable, accounts of Devils pursuing pademelons, in two instances of which the Devils actually bit the pademelon and in one of which the Devil pursued the macropod into water before being chased off (Pemberton, 1990). 
Perhaps these observations were the basis of a general statement that “Devils have been seen to hunt pademelons by persistently following them at a steady lope …” (Jones, 1995), but these observations, despite their potential interest, have never been amplified further. More generally, however, if Devils are unwilling or unable to pull down ewes with lambs at heel in any large numbers (N. Mooney, in Jones, 1994), it seems unlikely that they would take many native species of similar size and speed. 
There are “observations” of Devils attacking 30 kg wombats, but the circumstances and outcomes of the attacks are unknown (Jones, 2003 and M. Jones, in Owen and Pemberton, 2005).

The only account of a Devil killing prey larger than itself is second hand and is reproduced here in its entirety. “Prey killing by wild devils is rarely observed, but observations suggest that the method for killing mammals larger than themselves (e.g., wallabies and wombats) involves gaining a grip with the jaws somewhere on the anterior half of the body, adjusting the bite until a vulnerable area such as the chest, neck, or head is gained, and hanging on with a crushing bite, even being dragged, until the prey succumbs (A. Osborne and D. Probert, personal communications)” (Jones, 1997; italics in original). Considering the significance of this observation for determining the extent to which Devils are predatory, it is unfortunately there is not more detail, especially with regard to numbers and circumstances.
Several authors have stated or suggested that predation in Devils is a combination of ambush and pursuit: “they appear to capture prey either by ambush or persistence, wearing the prey down” (Jones, 1994); “…hunting … is probably a mixture of ambush and persistent pursuit (Jones et al., 2004), “hunting strategy involves …ambushing, or persistently pursuing, prey” (Jones, 2008), and “… Devils … actively hunt their prey … using a combination of ambush and short, moderate-speed pursuits … (Hawkins et al., 2008) (see also Wintle, 1886; Jones and Barmuta, 2000; Jones, 2003).
Some authors have also described the predatory habits of Devils as “pounce and pursuit” (Jones, 2003). Pounce-pursuit predators “… use a moving search culminating in a pounce or chase and rarely grapple with prey” (Jones and Stoddart, 1998).
There is, however, no published evidence that Devils either ambush or pursue prey, nor that they pounce and pursue prey. In what may be the origin of the idea that Devils are ambush predators, one early field worker speculated that “The slowness of their pace forces one to the conclusion that they must hunt by stealth, relying on their jaws to kill or incapacitate their victim after a quick leap from hiding (Guiler, 1964). 
One researcher stated that “… there have also been numerous observations of Devils perhaps opportunistically chasing, grabbing onto and in a few cases killing animals ranging in size from possums to wombats” (Jones, 1994). None of these observations have been published.

The fact that the Devil has a “relatively simple” retinogeniculate system (the part of the brain onto which the stimuli to the retina project; Sanderson et al., 1979) also suggests that the species may not pursue its prey, because such pursuit would seem to require good image processing (see also p. #).
Competition for Food
Devils are primarily scavengers. Hence their greatest competitors for food are likely to be other scavengers. And competition is likely to most intense around food large enough to attract a number of individuals before it is completely consumed.
Intraspecific

There is no doubt that Devils’ most serious competitors at carcasses are other Devils. As many videos show, Devils are always noisy and sometimes physically aggressive when feeding at a carcass. Devils can “lose out” at a carcass if they are intimidated or chased away, or if they are distracted from feeding by being vigilant of other individuals. Not surprisingly, it is the young and smaller individuals that are at the greatest competitive disadvantage (Jones, 1998).
Interspecific
Devils’ most serious current native competitors for food, at least at carcasses, are almost certainly the two species of quolls (but see below), which like Devils, are nocturnally active. Adult Devils, however, easily displace quolls at carcasses (Mooney, 1992; Jones, 1996; Jones, 1998; Jones and Barmuta, 2000).

Wedge-tail eagles and currawongs are also potential competitors even though they don’t overlap with Devils in their activity time.

Among exotic species, house cats, foxes and wild dogs would also be attracted to the same carcasses as Devils and at the same time of day. It is unclear who would have the upper hand with the first two species, but odds would be on the Devil. Indeed, there is video footage of a cat beating a hasty retreat from a carcass as a Devil enters the scene (STTDP website: Do devils suppress cats, as updated on 5 October 2010). Dogs might be another matter, as dogs can and will kill Devils.
In the past, Devils may have competed with Thylacines for carrion on both the mainland and Tasmania. And when they lived on the mainland, Devils may have competed goannas over carcasses, although they were out and about at different times of the day.
Devils have been described as part of a “carnivore guild” along with quolls and the Thylacine, with implied competition and its evolutionary consequences among its members (Jones, 1997). But the Devil is primarily a scavenger while the two species of quolls, at least, are primarily predators, so the idea of a guild is a bit of a stretch. If a guild concept were to be pursued, it might make more sense to put the Devil into an Australia-wide “scavenger guild” along with several large goanna species and put the quolls into a “predator guild.”
Reproduction
Knowledge about the Devil’s reproduction is perhaps second only to knowledge about its diet. Anatomists described the Devil’s reproductive tracts as part of the early interest in how marsupials differed from placentals and among themselves. Early field biologists worked out the Devil’s basic reproductive attributes and cycles as part of their efforts to understand the species’ general ecology. And physiologists worked on the basics of Devil reproduction as part of a general interest in variation among marsupials as well as a potential aid in captive breeding.
Age and Size at Maturity
Little is known about the age and size at sexual maturity in males due to the fact that it is difficult to judge if they are mature by visual inspection. In contrast, females show their state of maturity by their pouch condition and the presence of young.

Several observers have stated that Devils, in general, become sexually mature at two years of age (Guiler, 1978, 1992; Hughes, 1982). 
With regard to males, specifically, one observer noted that males may be physiologically capable of breeding before the age of two, but he gave no evidence (Guiler, 1992). Another noted that spermatogenesis can occur in males as small as 3.5 kg (Hughes, 1982).
Most females reproduce first at the age of two (Fleay, 1935; Guiler, 1970b, 1978, 1992; Hughes, 1982; Pemberton, 1990), but between 0 and 12.5 percent of one-year old females also breed (Pemberton, 1990; Guiler, 1992; Jones et al., 2008). 

The modal number of breedings for a female is three (McCallum and Jones, 2006; STTDP website: The disease; 13 September 2011).

At a western coastal locality, the smallest reproductive (lactating) female weighed 4.5 kg (N = 39 based on Guiler, 1970a and b: table 1), but at an eastern lowlands locality, the smallest reproductive female (either pregnant or with a litter, which not stated) weighed 4 kg (N = 44; Hughes, 1982). At this latter locality, breeding females weighing less than 5 kg still had unfused tibial epiphyses (Hughes, 1982).
In an east coast population, one year-old breeding females had a mean weight of 5.5 kg (Lachish et al., 2009).

Urogenital System

There are descriptions of the urogenital systems of male (Flynn, 1910, 1911, 1922; MacKenzie and Owen, 1919; Mackenzie, 1921: fig. 98; Hughes, 1982: fig. 26) and female Devils (MacKenzie and Owen, 1919; Pearson, 1945, 1950; Pearson and De Bavay, 1953; Hughes, 1982: fig. 3).
Prior to ovulation, but when the ovarian follicles are large, the two uteri show a “marked proliferation” of their tissues (Hughes, 1976a, 1982).

The urogenital opening increases in both length and width as the oestrous cycles unfolds. It also changes in colour from pale to pink in oestrous (Hesterman et al., 2008: fig. 4).
Testes

There is a difference in reported testis size. One researcher reported mid-winter (July) testis size in 19 males as ranging from 11 x 15 mm to 17 x 20 mm (Green, 1967). Another researcher reported mean testis size in 30 individuals collected over an unspecified yearly as 26 x 32 mm (Guiler, 1970b). 

Another worker recorded scrotal size and found monthly means ranging from approximately 27 -28.5 mm in length and 35 – 37.5 mm in width in 113 individuals from throughout the year, with no evident seasonal trend (Pemberton, 1990: fig. 7.6).
Heavier animals usually have larger testes (Green, 1967).

Sperm

The information on the possible seasonality of sperm production in mature Devils in the wild is incomplete and partially conflicting. In one study, spermatogonial mitoses, the early stage of sperm production, were plentiful in June, but the later stages of spermatogenesis, including mature sperm, were absent (Sharman, 1959). Another study involving 24 males weighing ≥ 3.5 kg captured in April and May (N = 18) and in August (N = 6) found active spermatogenesis, but only males ≥ 5 kg contained mature sperm (Hughes, 1982). And a recent study of 17 males aged ≥ 1.5 y collected between January and June carried “viable sperm (Keeley et al., 2011).”
Devil sperm has been described in some detail (Hughes, 1965: fig. 1l; Kelley et al., 2011: figs. 2-3). The sperms’ “overall morphology … is typical of that of most other marsupials .…” (Hughes, 1982; see also Hughes, 1976a), although they tend to be large compared to other marsupials (Keeley et al., 2011). 
The gross morphological changes in the final stages of sperm maturation have been described briefly and are similar to other marsupials (Matson et al., 2005; see also Keeley et al., 2011).

Ova

The granulosa-oocyte complex, as stripped enzymatically from the ovary, has a diameter of 265 μm (Czarny and Rodger, 2010).

The ovulated egg, including the mucoid coat and shell membrane, has “an overall diameter of about 300 μm (Hughes, 1976a) and the vitellus (interior) has a diameter of about μ210 m (Hughes, 1976a).
Oestrous
Most females usually have only one oestrous per year (Hesterman et al., 2008b), and this occurs between early February and mid-April (Guiler, 1970b: Hamede et al., 2009).  However, if a female fails to conceive in her first oestrous, or the young from a successful mating perish, she may undergo a second oestrous after a refractory period of about seven to 13 weeks. In one population, seven percent of the population of breeding females (one in 14) had either a second or very late oestrous (Hamede et al., 2009). Female Devils, therefore, are facultatively polyoestrous (Hesterman et al., 2008b; Jones, 2008; Hesterman and Jones, 2009), that is, they do not ovulate upon copulation but, rather, when they are physiologically ready.
Precociously breeding females, that is, those that breed when one year old are said to come into oestrous rather late in the season, in late April and May (H. Hesterman, S. Jones and M. Jones, as cited in Lachish et al., 2009).

An observation from captivity, however, seems to contradict the notion that there is only one oestrous per season in successfully reproducing females. Three of five females in a large open air enclosure gave birth early in the season and at least two raised their young to weaning. But all five females are said to have undergone a second oestrous (Sinn et al., 2010). Whether this is an artefact of captivity or an indication of a more frequent second oestrous in the wild is unclear. 
A complete oestrous episode, measured hormonally (below), lasts about 32 days (Hesterman et al., 2008).

In the relatively few females that breed at one year of age, oestrous apparently occurs in late April and May (Hesterman, Jones and Jones, as cited in Lachish et al., 2009). 
In captivity, oestrous has been recorded between the end of January and late June (Fleay, 1935; Andrewartha and Campbell, 2006; Hesterman et al., 2008; Sinn et al., 2010). 

In captivity, oestrous is said to last between two and five days (Smith, 1993).

Females close to oestrous are said to solicit males by making a growling whine, sometimes quite high pitched, and short soft barks. The male is generally silent or responds with snorts (M. Jones, in Jackson, 2003).

Apparently keepers use “behavioural and physical cues” to detect oestrous (Hesterman et al., 2008; Keeley et al., 2010). In one case, a previously dominant female started avoiding contact with her cagemates and came last instead of first to feed before losing interest in food altogether and then mated shortly thereafter (Kelly, 1993). This sudden loss of dominance may have been the prelude to the temporary loss of dominance in females during the mating period.
In captivity, some oestrous females will apparently fight if confined together (Turner, 1970), but others, at least long-time cagemates, are compatible, at least until the young are born when they may become querulous, although remaining compatible (Smith, 1993).
Reproductive Hormones
Males

In wild males, testosterone levels, as measured in blood samples, show no significant differences between juveniles, and adults and do not vary seasonally (Pemberton, 1990: fig. 7.5-6). This seems surprising, considering the role of testosterone in reproduction and the strong seasonality of reproduction in Devils.

In captive males, androgen levels, as measured mainly in the faeces and to a lesser extent in the plasma, are high in mid- to late summer, just prior to the period when females enter oestrus, fall away during autumn and early winter and then rise abruptly again toward mid-summer (Hesterman and Jones, 2009). It is unclear whether the mid-summer peak is part of an endogenous rhythm or was engendered by pheromones from the females which were kept separate but in the same captive facility.

Females

Oestrous, the period of mating receptivity in females, consists of two phases, a follicular phase, when the follicles (unfertilised eggs) grow to their final size, and a luteal phase, when the egg has been released and the corpus luteum is active. After oestrous, females become anoestrous and unreceptive to mating.

In captive females, progesterone levels, as measured mainly by metabolites in the faeces but to a lesser extent directly in the plasma, rise to a low peak in the follicular phase and then rise to a much higher peak in the luteal phase (Hesterman et al., 2008a: fig. 1a; Keeley et al., 2010).

Measured hormonally, oestrous in females lasts about 32 days, and the time between the beginning of the first and second cycles in the same season, when two cycles do occur, lasts 46-89 (mean = 65) days (Hesterman et al., 2008a).  Presumably lactation and nursing inhibits oestrous, because females nursing young from a mating during the first oestrous of the season do not undergo a second oestrous.
Pouch Condition
The pouch opens backward in Devils (Pocock, 1926: fig. 41c; Fleay, 1952; Guiler, 1970b), not forward as in the more familiar macropods. The size of the pouch varies with the number of young (Guiler, 1970b).

The condition of the pouch changes appreciably during the oestrous cycle and provides a practical means of assessing a female’s reproductive state. Researchers have identified four stages (Hesterman et al., 2008b).

Stage 1.) Shortly before the breeding season, the pouch of mature females is pale and shallow – about 50 mm wide and 30 mm deep. The teats are everted but small (≤5 mm) even in females that have reproduced the previous year.

Plasma progesterone, faecal preganediol (a progesterone metabolite) and faecal total oestrogens are low.

Stage 2.) At the beginning of the breeding season, the pouch skin turns pink and the interior begins to secrete a pink to red oily substance (see also Fleay, 1935, 1952; Parer and Parer-Cook, 2004). This stage marks the beginning of the follicular phase of the oestrous cycle, the period just prior to the eggs being shed into the oviducts.
Plasma progesterone, faecal preganediol and faecal total oestrogens mean levels are about 1.8, 1.5 and 1.3 times higher than resting, respectively.

Stage 3.) The pouch becomes slightly deeper and the oily exudate more copious, sometimes even forming a crimson ring around the pouch edge. At this stage, copulation occurs.
Plasma progesterone, faecal preganediol and faecal total oestrogens mean levels are about 3.2, 2.9 and 1.8 times resting levels but begin declining.

Stage 4.) At its most developed, the pouch is c. 50 mm deep and has a thickened edge. The interior is highly vascular and damp and a thin clear fluid replaces the red oily exudate. After 2-3 weeks, and irrespective of whether the female has mated or not, small, white “studs” cover the floor of the pouch and persist for 2-3 weeks. The studs, which are probably enlarged sebaceous glands, appear at least a week before the young are born. This stage marks the beginning of the luteal phase of the oestrous cycle, the period when the corpus luteum secretes the hormones that support pregnancy.
Plasma progesterone and faecal preganediol rebound markedly to rise to mean levels about 10.7 and 4.4 times resting but faecal oestrogens return to resting levels.

The condition of the pouch, especially the secretions, may provide important cues to males as to the female’s reproductive condition, because males have been observed “investigating” a female’s pouch before mating (Hesterman et al. 2008b).

Ovulation
The two ovaries together produce many more eggs than will ever go on to be young. One study found that female Devils ovulate 11-56 eggs (mean = 39, n = 6; Hughes, 1982; see also Flynn, 1922, 1939), but another put the number as high as 114 (Guiler, 1992). 
It is not clear how many of these eggs would be fertilised.
During oestrous, hormonal indicators suggest that ovulation is likely to occur within a window of about seven days on average (Hesterman et al., 2008).

Mating
The condition of the pouch in mature females in January (Hamede et al., 2009) suggests they have not yet begun oestrous and hence have not begun mating. 

There are many general comments in the literature about when most mating occurs in the wild: February to March (Hamede et al., 2009; M. Jones, in DPIPWE, 2010); mostly in February and March (Mooney, 1992; Jones, 2008); a six week period in February and March (Jones et al., 2007); from the end of February into March (Guiler, 1992); from approximately February 20 to end of March (Pemberton, 1990); March (Guiler, 1964); a three week period in March/April (D. Pemberton, in ABC News, 21 July 2008); March to April (Guiler, 1983a, b; Jones et al., 1997; Jones and Barmuta, 1998), and March through May (Hamede et al., 2011).
The actual recorded dates of mating are between 5 and 22 March (Guiler, 1970b).

Some mating occurs up until June (Jones et al., in press, cited by DPIPWE, 2010). Presumably these late matings are due to the second oestrous following the failure of the first.

In captivity in Tasmania, mating has been observed or can be strongly inferred (males keeping females in their dens) between 17 February and 12 April (Roberts, 1915; Turner, 1970; Kelly, 1993; Hesterman et al., 2008b; Hesterman and Jones, 2009see also Roberts, 1915). On the mainland, mating was observed in early April (Oglesby, 1978) and inferred (from the age of a joey) to have occurred possibly as late as the end of June (Smith, 1993).
Devils in zoos in the Northern Hemisphere seem unable to shift their reproductive cycle to the species’ natural seasonality. A pair of Devils of unstated origin that arrived in the Chicago zoo in early autumn (September) mated first in the following early spring (19 March) instead of late summer (Hartz, 1966). And young from a Basle zoo breeding were born in early spring (24 March; Hartz, 1966) instead of early autumn. A pair of “half-grown” Devils of unstated origin arrived at the Washington D.C. zoo in spring and tried to mate for the first time in the following winter instead of late summer. And after two years they were trying to mate in spring (Eisenberg et al., 1975). In the first two cases, it is known or possible, that the adults were newly arrived in the Northern Hemisphere and hence had not had time to fully adjust. However, in the last case, there seems to have sufficient time for adjustment, but it did not eventuate.
Females from a northeastern lowland locality, Avoca, carried small pouch young in the period 26-31 March, suggesting that they had mated shortly before this time (Hughes, 1982).
Females from unspecified localities contained unfertilised eggs and/or blastocysts (fertilised eggs in the early cleavage stages) in the period 21 April – 10 May (Hughes, 1982), which suggests those with unfertilised eggs may have been ready to mate and those with blastocysts had just mated.

Curiously, there are also second hand anecdotal observations that suggest non-oestrous females may defend oestrous females in order to prevent them from mating with interested males (M. Jones and A. Kelly, in Sinn et al., 2010).

In any event, when it comes to mating, females are said to be “… quite choosy, they really like to mate with older males and with larger males and they’re also quite choosy as to personality of the male that they mate with. They really do like dominating males. They would not mate with a male that will not take charge and grab them by the neck and drag them around and push them around and dominant them” (M. Jones, Radio National – Innovations; 2 June 2008; see also M. Jones in Parer and Parer-Cook, 2004 and Darby, 2006; Jones, 2008).

This also seems to be the experience of zookeepers. One said “You’ve got six kilo and ten kilo males and if you put a six kilo male in with the girl, she’s not going to have a bar of him, because they want the dominant one (T. Faulkner, in Cubby 2008).”

Males stay close to females in oestrus (Guiler, 1970b) and fend off other males (Guiler, 1971). When in oestrous, females are said to be receptive for up to five days in one report (Jones, 2008), and “… from anything from two days up to a couple of weeks” in another M. Jones, on Radio National – Innovations; 2 June 2010).
Each mating event is said to last “…about one and a half hours” and there may be two to four matings, after which the male guards the female against other males in order to “protect his paternity” (M. Jones, on Radio National – Innovations; 2 June 2010).
In mating, the male mounts the female from behind and either grasps her with his front limbs (Guiler, 1970b, 1971; Jones, 1994: fig. p. 39) and by the scruff of her neck or anterior back with his mouth (Eisenberg et al., 1975; Oglesby, 1978; Kelly, 1993; Slater, 1993). When resting between copulations, the male may release his grip on the female’s nape and lick her head and neck, but quickly re-grasp her neck if she moves (Kelly, 1993). In the run up to the mating season, the scruff of the neck in females becomes swollen (Jones, 2001, 2008; Parer and Parer-Cook, 2004), which might mitigate the effects of the male’s mating bite. It is not clear what causes this seasonal swelling.
In captivity, copulations occur within a period ranging from one to at least 12 days (Kelly, 1993; Smith, 1993; Hesterman et al., 2008; Hesterman and Jones, 2009). 

Copulation itself takes from a few minutes to several hours (Guiler, 1971), although the condition under which these observations were made are unclear. One captive pair copulated between four and eight hours (Eisenberg et al., 1975). Another pair, which were in a mating den for four days, “copulated and rested in alternating 10 minute bouts (Kelly, 1993).” And a documentary on Devils said that during their time together, a pair may mate “many times” and “for hours on end (Parer and Parer-Cook, 2004).”
Mating may occur during both the day and night (Guiler, 1970b).
During copulation Devils may be silent (#) or quite loud, growling and hissing (Oglesby, 1978).

.

If a female does not want to be mounted, she rolls over on her back, throwing the male off (Eisenberg et al., 1975).

In captivity, a mating pair left the den once to walk to drinking water, the male griping the female’s nape with his mouth the entire distance. After drinking, the female started to trot away, but the male caught her, grasped the skin of her back (nape?) again and dragged her back to the den where they copulated again (Kelly, 1993).

When a captive female defended the entrance to her nest box from her male partner outside, both animals would engage in a duet of whine-growling (Eisenberg et al., 1975).

In captivity, mating males eat little and females may not eat at all, although both sexes continue to drink (Kelly, 1993; Smith, 1993). Not surprisingly, both males and females lose condition. Males, for example, are said to experience 25 percent weight loss, anaemia and reduced immunocompetence (unpublished work cited by Jones et al., 2008; see also Jones and Barmuta, 1998). After mating, the female’s appetite returns within 24 hrs of separation from the male (Kelly, 1993).

Observations on mating in captive Devils suggest that the amount of physical harm a male inflicts on a female with his nape grip during mating can vary from no obvious harm to deep gashes (Kelly, 1993; Slater, 1993).

There are unpublished observations that litters may consist of young from matings with more than one male (Jones, 2008; M. Jones, in DPIPWE, 2010 and Sinn et al., 2010). In fact, one account said that DNA typing showed that usually between two and four males were involved in siring a single litter (Parer and Parer-Cook, 2004). This is surprising considering the relatively short oestrous, male guarding of females and mated-female defensiveness.

Gestation
The number of fertilised eggs and early-stage embryos in the uteri of any one female can be as many as 15 (Guiler, 1970b), and possibly higher on the basis of one composite count of eggs and blastocysts as high as 56 (Hughes, 1982).

There are several statements in the literature as to the general period when females are carrying embryos, that is, when they are pregnant. For example, one early worker said the majority of pregnancies occur between March and May (Hughes, 1976a). Later he reported finding pregnant females in April and May (Hughes, 1982).
It is difficult to determine the precise gestation time, that is, the time between fertilisation and birth, because it is difficult to know precisely when fertilisation occurs. Early estimates, however, were “about three weeks” (G. Wood, in Hughes, 1982), 31 days (Adsell, 1964; Guiler, 1964, 1971, 1983a), 35 days (Guiler, 1983b), but later estimates were generally shorter: 18 to 21 days (Guiler, 1992) and 19 days (Hughes and Rose in Rose, 1989; Slater, 1993).
In captivity, the first or last copulation can be objectively determined and is sometimes taken as a proxy for fertilisation, although there is probably some delay. Based on the first copulation, gestation lasts 20 – 31 days and based on the last copulation, 19 – 27 days (Hesterman et al., 2008b)
The onset of the luteal period in the oestrous cycle, as indicated by a hormonal surge (below), is another objective proxy for fertilisation. On this basis gestation may range 14 – 22 days (Hesterman et al., 2008).

Birth
In captivity, pregnant females are said to “hide away,” not return for several days and “won’t eat (T. Faulkner, in Schliebs, 2005).
In the wild, births occur over a broad period, from February through June (Pemberton, 1990, as cited in Lachish et al., 2009) with most in March and April (Guiler, 1992; Mooney, 1992; Jones and Barmuta, 1998).  One group of researchers, for example, said that about half of all births occur in March (McCallum et al., 2009), and another researcher estimated that all 21 litters examined were born in April (Hughes, 1982). A three year field study in north-eastern Tasmania found that births occurred over a three week period with a modal birth date of approximately 10 April each year (Pemberton, 1990). And recently, one group of field workers set a birth date of 20 March for fixing subsequent life history events (Hamede et al., 2011).
In captivity, most births have been recorded between early autumn and early winter (19 March to 22 June) (Fleay, 1935, 1952; ABC, The World Today, 5 April 2007; Currumbin media release, 2008; Hesterman and Jones, 2009; Joyce, 2011; Ward, 2011). There is, however, one account of a zoo birth in late January (Hobart Mercury, 30 January 1931).
The female gives birth while standing (Guiler, 1992) on all four legs with the hindquarters raised and the head down and in an almost trance-like state (frame from NHNZ, 1999 in Rose and Shaw, 2006: fig. 1a; Parer and Parer-Cook, 2004). This position provides a downhill path for the young from the cloacal opening to the backward opening pouch (Rose and Shaw, 2006). Video footage shows that the young are emitted within a stream of cloacal fluid, which is initially pale pink in colour and thin in consistency and then becoming slightly more viscous and paler (Parer and Parer-Cook, 2004). The female gives no assistance to the young during birth, other than to lick the fur (Guiler, 1992), presumably along the track to the pouch.
Females give birth to between 20 and 40 rice-size, naked, sightless young (Guiler, 1971; Pemberton, 1990; Parer and Parer-Cook, 2004; M. Jones on Radio Australia – Innovations, 2 June 2008), which in order to live must crawl from the cloacal opening to the pouch, enter the pouch and then find one of the four teats to which to attach their mouth. Once attached, the teat enlarges inside the new-born’s mouth, making it difficult for it to become detached (Guiler, 1992). If a new-born fails to find and attach to a teat, it perishes. Hence only a few of the embryos produced survive, and selection in the short crawl from cloaca to pouch must be intense.
For the record, Devils first bred in captivity in the Beaumaris Zoo, Hobart, in1913 (Roberts, 1935).

Litter Size
Female Devils ovulate up to 21 eggs (Flynn, 1922) and as many as 15 embryos have been found in the two uteri together (Guiler, 1970b). However, Devils have only four teats (Guiler, 1970b). Hence the maximum possible litter size is four.  
The litter size, however, can be less than four. In 53 litters from three localities, the number of young ranged between one and four, with a mean of 2.9 (Guiler, 1970b). In 97 litters observed over ten years at one locality at a north-western locality the mean yearly number of young ranged 2.0 - 3.3 with a grand mean of  2.7 (Guiler, 1978). In 26 litter observed in three years at one north-eastern locality, the mean number of young was 2.2 (Pemberton, 1990; fig. 4.4).  And in 44 litters observed over nine years at an east coast locality, the mean number of young was 3.4 (Lachish et al., 2009).
Interestingly, data from three populations taken together indicates that litter size is inversely proportional to female weight (Spearman rank correlation = -0.48, P < 0.01 on for weight class of female and litter size; data in Guiler, 1970b). In other words, lighter, and therefore perhaps younger, females have larger litter sizes (Guiler, 1970b; see also Pemberton, 1990).
Litter sizes in captivity are comparable to those in the wild. In 155 litters, the number of young ranged from one to four, with a mean of 2.7 (PHVA, 2008). 
Considering a litter size of four, one litter per year and a four year reproductive period (two to six years old), a female is unlikely to have more than 16 young in her lifetime.

Diapause
In contrast to many marsupials, Devils have no diapause; that is, they do not hold young in an arrested state in the uterus until the older pouch young have vacated (Guiler, 1970b).
Development and Growth
Information on the Devil’s development and growth is one of the areas in which animals kept in captivity have contributed substantially due to the close daily observation these conditions provide.
Embryonic Development
When the eggs are shed from the ovary, they are swept into the two uteri where they will be fertilised by the sperm after mating. A developmental biologist has collected and described embryos from the uterus ranging from just two cells resulting from the first cleavage up to a “well-formed unilaminar blastocyst, that is, a “single-layered, hollow ball of cells without an inner cell mass (Hughes, 1976a).” These blastocysts still retain the mucoid coat and complete shell membrane evident in ovulated eggs (Hughes, 1982). There is no morula stage (Hughes, 1976a).
The interval between the appearance of the neural streak and birth has been stated as 2.67 days, much shorter than that for a bandicoot (5.5 days) and a kangaroo (11-12 days) (Hughes and Hall, 1988). 

Neonates

Newborn young, that is, those young entering the pouch are pink (furless) and about the size of a gain of rice. Two early studies gave the weight of the “new born” as ranging 0.18 to 0.29 g (Guiler, 1970b) and averaging about 0.244 g (N = 4; Hughes, 1982). Two latter studies, however, gave the weight of < 24 h old young as 30 mg (= 0.030 g) (Hughes and Hall, 1988; Hughes and Rose in Rose, 1989; table 1). The latter figure is almost certainly correct based on a comparison of the weights of other similarly sized marsupial species. The earlier figures may have been based on young a few days old (R. Rose, pers. comm.).  

In comparison to other marsupials, such as bandicoots and kangaroos, Devils are born in a relatively undeveloped state. Their small size may make them susceptible to hypothermia and desiccation as they crawl from the urogenital opening to the pouch.

At birth, the young have well-developed front limbs with “conspicuous, functional claws,” which no doubt help the vulnerable embryo to gain quickly the safety of the pouch. The rear limbs, in contrast, are “rudimentary immobile paddles” that clasp the recurved tail (Hughes, 1982: fig. 25; Hughes and Hall, 1988: fig.2.1).

Pouch Life
Estimates of how long the young stay in the pouch vary from about 105 (15 weeks) to 140 days (Guiler, 1983b), or specifically: 105 to 112 days (15 to 16 weeks; Guiler, 1970b, 1983a; McCallum et al., 2009), 130 days (Pemberton, 1990) and 140 days (Guiler, 1983b). The shortest period, that is, 105 days has been attributed to animals raised in captivity where food was plentiful and hence growth rates likely to have been accelerated (Pemberton, 1990); however, this period was determined from wild animals and preserved specimens (Guiler, 1970b).
In the wild, young can be found in the pouch as early as April (Roberts, 1915; Lazell, 1984; Hamede et al., 2009) and possibly as late as late December (Newsletter, August 2007). Recorded months are: April (Roberts, 1915), June (Hamede et al., 2008), July (Launceston Examiner, 17 July 1872; Fleay, 1935; Green, 1967; Hamede et al., 2008), June-July (Hamede et al., 2008), August (Hobart Mercury, 6 September 1870; Guiler, 1970b; Pemberton, 1990; Jones and Barmuta, 1998), September (Roberts, 1915; Green, 1967; Guiler, 1970b; Newsletter, December 2007), October (Green 1967; Guiler, 1967) and December (“shortly after … Christmas,” Newsletter, August 2007, but possibly a captive animal).

In captivity, young can be found in the pouch as early as the end of April (Sinn et al., 2010) and as late as August (Andrewartha and Campbell, 2006). Recorded months are: April (Sinn et al., 2010), August (Andrewartha and Campbell, 2006)
The pouch young of any one litter are not always at the same developmental stage. In a litter of three, one individual was “slightly less developed than her two pouch mates” (Green, 1967). In a litter of four, one young was said to be about 10 days behind its three siblings in both its state of developmental and weight (Guiler and Heddle, 1974). And in a litter of three, completion of furring was spread over a week (Guiler, 1970b, 1992). These differences in development might reflect normal variation with one male parent or might be due to multiple male parents (p. #).
The young are relatively secure when in the pouch. One field researcher reported no loss of young in 97 females, despite repeated handling (Guiler, 1970b, 1992).
The constituents of Devil milk are similar to that of other marsupials (Green, 1984). It does not contain more iron as stated in DPIPWE, 2010.

In captivity, young born at the beginning of June first released their continuous hold on the teat, the first step toward an independent life, on the first of October, at an age of about 4 months (Fleay, 1952).
Pouch Exodus
There are few observations from the wild as to when the young leave the pouch. In a three year study in northeast Tasmania, the earliest date recorded for young being left in the den was 6 August and all young had been “denned” by the middle of August (Pemberton, 1990). In the central highlands, young are said to leave the pouch in August (Jones and Barmuta, 1998).

There is one observation of a female with one pouch young and two lactating teats, suggesting that the young may not all leave the pouch simultaneously, assuming the missing young were denned and had not died (Pemberton, 1990).

In captivity, young have been recorded as being outside the pouch for the first time in early August (Oglesby, 1978; Joyce, 2011).
Estimates of the age at which the young can first be found completely outside the pouch range from “just over 12 weeks” (Kelly, 1993), through 15 weeks (Fleay, 1935) to about four and a half months, that is, about 18 weeks (Roberts, 1915).
In captivity, and probably in the wild, the young give up pouch life only slowly. After their first trip “outside,” they will return at times of stress or danger (Roberts, 1915; Fleay, 1935).  
Young Devils’ exodus from the pouch also marks the beginning of their starting to cling to the female’s back by hanging onto her fur with their teeth and claws (Fleay, 1935: plate 9).
Females may exhibit a sudden change of behaviour when the young first leave the pouch. One captive female was docile and easy to handle while her young were still in the pouch, but afterwards, she suddenly became “quite fierce” and difficult to handle (Fleay, 1935). Another captive female became very aggressive toward the male parent when her young were approaching the time of first leaving the pouch, so much so that he had to be removed from the same cage. Circumstantial evidence suggests that the male subsequently killed one of the emerged young, when the two were inadvertently left in the same enclosure overnight (Smith, 1993).
Once a teat has been stimulated by a suckling young, it continues to be active for the remainder of the breeding season, even if no further suckling occurs (Lachish et al., 2009). This makes it impossible to know if an active but vacant teat represents a young left in a den or the death of a young (Pemberton, 1990).

Den Life
In the wild, lactating females found on their own are circumstantial evidence that they have left, temporarily, unweaned dependent young, in a rearing den (Guiler, 1970b; 1983a). There are, however, few such recorded instances. In a three year study in northeast Tasmania, the earliest date for nine lactating female without pouch young was 6 August and the latest 30 August (Pemberton, 1990; see also Guiler, 1970b). In southeast Tasmania, two lactating females without pouch young were found on 7 September (Newsletter, December 2007).  And in the central highlands, lactating females without pouch young have been found between October and January, although the young are said to have left the pouch in August (Jones and Barmuta, 1998). These observations suggest that unweaned young may be in rearing dens between early August and January. 

There is little information on how long each day female Devils may be away from their denned young. But one tracked female with seven month old young, spent as much time away from the den as she did when she did not have denned young (Jones et al., 1997).
A fortuitous observation of four unweaned young Devils emerging alive but emaciated after being lost for in a rat warren for eight days (Fleay, 1952) suggests that young at this stage might also survive this long in the wild if necessary. 
There is one media report suggesting that females stimulate their unweaned young to defecate and urinate, probably by licking the anal area with their tongues (simulated by carers wiping the bums of unweaned orphans with a moist towel) (Newsletter, December 2010).
In captivity, it is common for large, but still not completely weaned, young to ride on their mother’s back or belly, clinging on with their teeth and front claws (Fleay, 1935: plate IX; Fleay, 1952: fig. p.275);  Turner, 1970; Oglesby, 1978; Kelly, 1993). This behaviour has been observed first in various litters in August (Oglesby, 1978). The age of first back riding has been given as about 22 weeks (Kelly, 1993).
There is also one report of the young clinging to the father (Turner, 1970), but this needs confirmation. 

But this behaviour has only rarely been observed in the wild (Pemberton, 1990). For example, one field worker saw it only once in his long experience and this was when he caught a female with her young in a trap. The young were clinging tightly to their mother with their front feet, but when released from the trap, they abandoned her for him and were difficult to remove (Guiler, 1970b, 1992). 
The significance of this behaviour is unclear. Perhaps the mother has found it necessary for some reason to move them away from their den, perhaps to a new one. Or perhaps it is her way of getting them to leave the den. When they drop off and get left behind, they are on their own.
There is video footage of a captive female Devil picking one of her free-ranging young out of a creek, which it had fallen into while drinking with its mother and litter mates (Parer and Parer-Cook, 2004). The female grasped the pup by the front leg with her mouth and pulled him out. This appears to be the only record of a female manipulating the young with her mouth.
Weaning
Weaning, the period when a young Devil makes the transition from feeding entirely on its mother’s milk to feeding entirely on other food, is difficult to determine precisely, because it happens gradually and its onset is difficult to observe.
One clear morphological marker for the onset of weaning, however, appears to be the eruption of the first upper incisor on each side of the mouth. The late eruption of this pair of teeth closes a gap in the surrounding teeth through which the teat passed into the mouth of the suckling Devil (Guiler and Heddle, 1974).
One study in the wild estimated that weaning occurred about 278 days after birth (Pemberton, 1990).

Observations from the wild suggest weaning can occur anytime between October and February. The earliest date, October, is based on one young of the year caught in a baited trap (Jones and Barmuta, 1998; also N. Mooney, in Wood, 2003b). But estimates of the earliest and latest dates vary. As to the earliest dates, one experienced field observer with much trapping experience said on one occasion that females lactate until November-December (Guiler, 1970b), although he later modified this to no females were lactating by the end of November (Guiler and Heddle, 1974) and then to weaning is finished by late October to early November (Guiler, 1983b). As to the latest day, weaning is finishing in January on the east coast (Freycinet Peninsula; Hamede et al., 2008). Weaning also finishes in January in the central highlands (Jones and Barmuta, 1998; see also Jones, 2008). The latest date is from an unpublished thesis where the weaning period is given as between December and February (H. Hesterman, 2008, cited in McCallum et al., 2009). In any event, all these observations indicate that the young Devils start fending for themselves during late spring to mid-summer, when food is most abundant (Guiler, 1983b).

Observations of young Devils in captivity, where their development can be closely monitored, give widely varying estimates of the actual ages at weaning. A litter of three had “practically ceased to rely on the mother’s mammary glands for nourishment” at about 154 days (22 weeks or five months) (Fleay, 1935; see also Fleay, 1952). Two litters totalling five young were completely on solid food between about 152 - 183 days (five to six months; Smith, 1993). In one litter of four, weaning occurred at an age of about 200 (± 5) days (Guiler and Heddle, 1974). But in another litter of four it occurred at approximately 232 days (Phillips and Jackson, 2003). Finally, a young of about 213 days (seven months) as still at heel with its mother (Hughes et al., 2011); presumably it would not still be following her unless it was still suckling, at least in part.
A general observation based on several captive-born litters was that young started eating solid food at about 126-154 days (18-22 weeks) and are completely weaned at about 280 days (40 weeks; Kelly, 1993). There is also an unsubstantiated estimate of weaning at about 244 days (eight months; Guiler, 1971). 
There is as yet no explanation for the wide variation in estimated weaning times. But one observer wrote that “the exact time [is] somewhat dependent on availability of food (Mooney, 1992).”  The basis of this comment is unclear.

In what may be part of the weaning process, females have been observed bringing food to the den for the young both in the wild (Guiler, 1992; Jones, 1994) and in captivity (Roberts, 1915; Parer and Parer-Cook, 2004).
One captive female was observed running up and down outside a natal den with food in her mouth. This was interpreted as an enticement for the young to leave the den (A. Anderson, in Owen and Pemberton, 2005).
In captivity, females with weaning young would not eat if separated from their young and when together would let their young eat their food (Smith, 1993).

In the wild, lactating females will shelter in a den that does not contain their young. This suggests that the young are not fed everyday. Indeed there is some evidence females are “away” more often toward the end of the weaning period, suggesting that increasing hunger may be part of the weaning process (Pemberton, 1990).

Little is known about what just-weaned Devils eat in the wild. Young Devils killed in the wild by dogs and cars often contain invertebrates in their stomachs (STTDP Website; Nick Mooney’s Devil tales – it’s ‘all creatures great and small’ gone wild; 25 February 2011). And young Devils up to the age of three months post-weaning are rarely (3 in 276 individuals) caught in traps baited with meat (Guiler and Heddle, 1974; Buchmann and Guiler, 1975; Guiler, 1992) suggesting that their diet differs from that of adults.

In captivity, some observers report that young Devils eat the “same types of food” as adults (Buchmann and Guiler, 1975) while others note that some, at least, will chase and eat spiders (STTDP Website; Nick Mooney’s Devil tales – it’s ‘all creatures great and small’ gone wild; 25 February 2011). 

In captivity, the first solid food of young consisted of mealworms and earthworms (Oglesby, 1978). Young perhaps just days from being fully weaned will eat meat brought to them by their mother, and newly weaned young will eat meat on their own (Roberts, 1915).

Juveniles are said to become fully independent at about nine months of age (Lachish et al., 2007, 2009).

Oddly, young Devils appear to have greater manual dexterity than adults.  This is evident in both their greater agility in climbing vertical structures such as tress and fences (Roberts, 1915; Buchmann and Guiler, 1977; Jones, 1996) and in grasping prey (Buchmann and Guiler, 1975). A good grip would undoubtedly be useful for young in the late stages of their association with their mother, when they climb on her back and are carried about. 
In captivity, young Devils up to about one and a half years of age seem more generally agile than older Devils in all sorts of activities, including jumping, climbing and burrowing (Kelly, 1993). Perhaps young Devils’ greater manual dexterity (climbing) and agility (flight) would help them avoid older Devils during dispersal.
There seem to be no observations of females foraging with young tagging along. This suggests that if the young learn anything from the mother it would be what they see in the den, which would be mainly food handling.

Dispersal
The general dispersal period for young, recently weaned Devils is between early November and February (Pemberton, 1990: table 4.4; Guiler, 1992; S. Blackhall, on ABC Hobart, 24 October 2011). There is some evidence that young, weaned Devils may stay close to their den for a few days prior to striking out on their own, as they can be trapped in baited traps set just outside their den in November (Pemberton, 1990: table 4.4). 
The young may move large distances before settling into a home area of their own. For example, “dispersal movements of 10-30 kilometres have been recorded directly … [and] average dispersal distance is probably much greater (Jones, 2008).”
A three year field study in the north-east found that most young males tended to disperse but most young females tended to stay close to the areas where they were born. A later field study also found that “primarily males … disperse after weaning” (Jones et al., 2007) and that “dispersal of young animals is male biased; some females disperse” (Jones, 2008; also Jones, 2003). But the supporting data for these observations have yet to be published.
Genetic evidence, however, supports the suggestion that dispersal in males is greater than females (Lachish et al., 2010b).
In contrast, analysis of an on-going broad scale survey of marked, subadult animals failed to show a difference between the sexes in actual dispersal. Eight males dispersed a mean distance of 20.3 (± 7.4, 95 percent confidence interval) km and females dispersed a mean distance of 42.0 (± 28.1) km, with an overall range of 12.5 – 109.3 km (straight line distance) with a mean of 30.3 (Lachish et al., 2010b, but these data include both pre- and post-disease populations).
The post-weaning dispersal stage is probably the most dangerous time of a Devil’s life. The animals are small, inexperienced and often in unfamiliar surroundings.

For some reason, young Devils are more crepuscular than adults (Owen and Pemberton, 2005). 

In the recent past, humans have occasionally reported a plague of Devils. This is probably due to young Devils dispersing in summer. 
Growth
There are observations, from captivity, on weight increase in the pouch young of four litters. In one young of unspecified age, weight increased from 112 g to 160 g, an average rate of 4.4 g/day (#). In a litter of three, also of unspecified age, mean weight increased from 130 to 230 g in 11 days, an average rate of 9.1 g/day (Nicol, 1978). In a litter of four, between 142 days old and weaning at 232 days, mean weight increased from about 300 g to about 1500 g, an average of 13.3 g/day (data in Phillips and Jackson, 2003). In a litter of four 144 days old, means weight increased nearly linearly from about 490 g to about 1960 g in about 96 days, an average rate of 15 g/day (Guiler and Heddle, 1974: fig 1, from which data were estimated; weaning occurred halfway through the observation period). 
In four young from two litters, growth between the ages of about 110 and 180 days (N = 1) and about 140 and 225 days (N = 2) and 260 days (N = 1) was slightly exponential and between five and six months of age averaged 12 g/day and at an age of seven months averaged about 38 g/day. And in three young from one litter, growth between about 135 days and 240 days (N = 2) and about 285 days (N = 1) was nearly linear to slightly exponential and “initially” averaged 14 g/day and at approximately seven months of age averaged 22 g/day (Smith, 1993: fig. 3).
In the wild, “juveniles” showed a growth rate of about 0.5 kg per month (e.g., about 16g/day; Guiler, 1970b).

In general, female Devils attain their “final adult weight” at about 18 months and males at about two years (Jones and Barmuta, 1998), although two-year old females have also been called “small” (Jones et al., 2008).
Two wild males showed exceptional weight increases. Beginning at 2.28 and 3.5 kg, they increased their weight over a six month period at a rate of 27 and 32 g/d, respectively (Guiler, 1978).

Breeding Participation

Maturity is one thing, but actual breeding success is another. For example, although most males are probably mature at two years of age, one researcher thought that males “may not mate until they are three or even four” (Jones, 2008), although no supporting evidence was provided. It has also been said that “… a few male devils dominant paternity” (Jones, unpublished, cite in Jones et al. 2004), although again the supporting evidence is yet to come. 

Not all mature females breed (carry pouch young) in any one year. In a ten year (1966-1975) study in an area in northwest Tasmania, the proportion of breeding adult females ranged from 31 to 80 percent, with a mean of 58.1 (Guiler, 1978). In a three year (1966-1968) study in an area in northeast Tasmania, the proportion of breeding adult females ranged from 47 to 100 percent, although only one population exceeded 80 percent (Guiler, 1970b). And in another three year study in the northeast, the proportion of breeding adult females varied from 69.7 to 76.7 percent (Pemberton, 1990). The lowest value in the combine observations (31 percent) means that as many as 69 percent of mature females in a local population may not breed in a particular year. 
The occasional female never seems to breed. In one study a female trapped over five successive reproductive seasons was never carrying pouch young (Guiler, 1978).
At the northwest locality there was a strong positive correlation between mean female weight (all ages exclusive of pouch young) and the proportion of pregnant females (rs = 0.82, P < 0.01; data in Guiler 1978: tables 6 and 9). This suggests that the general condition of the females in any one year may partially determine how many breed.

The proportion of breeding adult females can also vary greatly among local populations within any one breeding season. In one year (1966) in the northeast area mentioned above, the range among five local populations was 47 to 80 percent (Guiler, 1970b).

In captivity, obesity is said to “negatively affect reproduction (Slater, 1993).” But what this means exactly was not explained, and its implications, if any, for wild animals is unknown.

Criteria for Determining Age
Pouch young can be aged fairly accurately for about 140 days from the time they are fully furred (but still attached to the teat) using, in combination, the stage of tooth eruption, shank length and weight (Guiler and Heddle, 1974).

Free-ranging Devils can be aged fairly precisely up to three years of age by using a combination of dental criteria, such as molar eruption, tooth wear and the distance from the dentine-enamel junction to the gum (Jones, Sinn and Beeton et al., unpublished manuscript, as cited in McCallum et al., 2009; Lachish et al., 2009, 2010a; M. Jones, in Hamede et al., 2011), body weight and “general appearance” (Jones et al., 2008). For example, only mature Devils have the fourth molar fully erupted (Jones et al., 2005) and Devils about three years old usually have the second molar worn down to a “blunt stump” (Jones, 1994).
In general, “the older the Devil, the more battle-scared it appears (Obendorf, 1993).” Older Devils may be missing distal limbs and digits and even an eye (Obendorf, 1993). And old male Devils may lose the hair on the snout and rump (Guiler, 1971, 1978).

In a reversal of the usual trend in mammals, the young and immature have more pointed snouts than adults (Fleay, 1952; Hamede et al., 2008).

Learning Ability
There are no formal tests of Devils’ learning ability, but their capacity to learn has been demonstrated serendipitously both in the wild and captivity. In the wild, for example, trapping success tends to decline over time. In one northwest area, trapping success, measured as the number of animals per trap per night, declined from about 0.35 to about 0.06 over a six month period (rs = -0.85, P < 0.01; data in Guiler, 1970b: table 1). And at any one locality, trapping success often peaks after just a few days and then declines (Guiler, 1970a). This suggests that the animals generally find the trapping experience unpleasant, despite the food reward, and avoid them the more familiar they become with them.

In contrast, a few Devils enter baited traps night after night in order to get an easy meal, and after having fed will curl up to sleep while waiting to be released (Guiler, 1978; Jones, 1994). One male, for example, was caught in the same trap over six successive nights (Guiler, 1978) and another was caught 28 times, although over what period was not specified (Guiler, 1992). These “trap happy” animals seem to have had a different experience of the trap routine and are content to exploit its benefits.
Another example of Devils learning ability is the ability of some, at least, to learn to come to a keeper’s call (Roberts, 1915) or a whistle (Slater, 1993), which they probably associate with feeding. 

Another indication of Devils’ intelligence comes from the realm of exercise physiology, where researchers try to train animals to run on treadmills (Bell et al., 1983; Nicol and Maskrey, 1986). The experience of one lab was that “the temperament of Tasmanian Devils is such that they do not respond well to training, and some animals, after quite good initial runs, would progressively become more refractory (Nicol and Maskrey, 1986).” Perhaps the Devils’ recalcitrance is another sign of their intelligence.
Brain size relative to body weight is often taken as an indicator of comparative intelligence among similar species, say, all marsupials or all mammals. There are only two studies of brain size in Devils. An early study reported that three Devils weighing 4.4-5.9 kg had brain weights of 13.0-14.5 g (Sanderson et al., 1979) or about 0.003-0.004 percent of body weight. A latter study using 34 specimens reported the relationship between log10 endocranial volume (ECV) and log10 body weight (BW) was: ECV = 1.755(body weight)0.249 (Ashwell, 2008:table 2). Furthermore, in a plot of these two parameters among Australian Region carnivorous marsupials (Dasyuridae + Myrmecobiidae + Notoryctidae + Thylacenidae), the Devil appeared to have a relatively small brain (Ashwell, 2008: fig. 1b). But this may be due to the Devil’s more massive (and hence heavier) skull (and possibly other bones as well) rather than a truly smaller brain.
“Personality”

One researcher describes Devils as having “loads of personality (Jones, 2008; see also M. Jones, in Bevilacqua, 2003).” Keepers also often express the opinion that the Devils in their charge show “personality” differences (T. Virgis, in Owen and Pemberton, 2005; M. Pepperday, in ABC The World Today, 1 January 2009; A. McLeish, in Dobbin, 2011; G. Irons, in Cart, 2011; A. McLeish, in Dobbin, 2011). And one experienced field worker has noted that personality traits are “passed on from one generation to the next (M Jones, in Parer and Parer-Cook, 2004). But whether these differences are a result of nature or nuture is unclear. One keeper noted that some young Devils were bold and others shy with regard to new items placed in their enclosures (C. Pukk, on ABC News, 6 December 2007). Another keeper noted that the only aggressive individuals she had encountered had been hand-reared and therefore lacking a fear of humans (A. Anderson, in Owen and Pemberton, 2005). And another keeper noted that even Devils kept in large “free-range” enclosures become “less fearful, more aggressive and struggled more,” the more they were handled (Sinn et al., 2010).

Keepers also report that an individual Devil may respond to individual humans in different ways (Tweed Daily News, 14 July 2009).
Population Structure and Dynamics
Sex Ratio

Opinions about whether the sex of newly born Devils can be determined at birth is conflicting. One early field worker thought this was possible, drawing attention especially to the presence of the scrotum in males (Guiler, 1970b). One keeper also thought the male’s external genitalia could be readily distinguished (Oglesby, 1978). Two keepers monitoring the development of a litter of captive born Devils also thought sex could be determined from day one, but they gave no criteria (Phillips and Jackson, 2003). 
In contrast, a developmental biologist disagreed and said that only at a head length of about 11.0 mm were the rudiments of the male scrotum and female pouch evident. Interpolating from the field biologist’s growth data these young were thought to be about ten days old (Hughes, 1982; see also Pemberton, 1990). And recently, field workers have said “sexing very small pouch young is not possible as they still possess an undifferentiated phallus Lachish et al., 2008).”
The actual data on the sex of pouch young is conflicting. In one early field study over two years, the male/female sex ratio in aggregate was 22/30 (X2 = 1.23, P = 0.27; data in Guiler, 1970a). And with an extra year of study, the total ratio became 70/79 (X2 = 0.54, P = 0.46; data in Guiler, 1970b). In more recent field studies over a number of years, the sex ratio in 26 (Pemberton, 1990) and 44 litters Lachish et al., 2009) were not significantly different from parity. These data suggest no sex bias among pouch young. However, in a study of the Devil’s general reproduction, the ratio in pouch young was 27/48 (X2 = 5.88, P = 0.015; data in Hughes, 1982), indicating a strong sex bias in favour of females. This discrepancy remains unresolved.
It is said that some zoos have reported either a male or female bias in offspring (Sinn et al., 2010), but no further details are available.

The young in any one litter can consist of all males or all females, as well of course as both sexes (Guiler, 1970b).

Results of trapping in the wild, which usually catches mostly adults, indicate sex ratios of parity. In trapping with removal in north-eastern Tasmania in July 1964, the sex ratio was 19/14 (X2 = 0.76, P = 0.38; data in Green, 1967). Trapping with replacement also in north-eastern Tasmanian between 1983 and 1986 showed no significant differences in the sex ration within three age classes in any year or in totals (Pemberton, 1990: table 4.1). In trapping with replacement in north-western Tasmania in 1967, the sex ratio was 64/74 (X2 = 0.73, P = 0.39; data in Guiler, 1970a; see also Guiler, 1978). And in trapping with replacement in one area of the central highlands between November 1990 and March 1993 the sex ratio was 58/68 (X2 = 0.79, P = 0.37; data in Jones and Barmuta, 1998; see also Hamede et al., 2009).
The sex ratio of 442 Devils “from several places around Tasmania was 207/235 (X2 = 1.77, P = 0.18; data in Guiler, 1970b). And the sex ratio in animals from the east coast was 68/78 (X2 = 0.68, P = 0.41; data in Lachish et al., 2010b).
There is very little information on sex ratios of Devils born in captivity. Adelaide Zoo reported a cumulative sex ratio of eight males and six females, which is clearly not significantly different from parity (data in Smith, 1993).

In general, therefore, it appears that there is no difference in the sex ratio of Devils.

Age Structure
In a northwest population over a ten year period, the trappable population, that is, animals one year and older, consisted of between 9.0 and 39.5 percent animals one year old and between 61.5 and 91.0 percent (mean = 76.2) of animals two years and older (Guiler, 1978: table 10).

And over five years in a western population (West Pencil Pine) mildly affected by facial tumour disease, the proportion of one year olds ranged approximately 18 to 40 percent and the proportion of two years and older ranged approximately 60 to 82 percent (data in Hamede et al., 2011: fig. 2). Furthermore, in this population, each of the four age classes (1 y, 2 y, 3 y and 4+ y) varied by at least nearly two fold (4+ y) between years.

In likely reference to eastern areas, approximately half the presumably trappable individuals in local populations were said to be mature (Hawkins et al., 2008), meaning, presumably, that about 50 percent of a population consists of animals one year of age and 50 percent consists of animals two years and older. 

And over two years just prior to the arrival of facial tumour disease, the trappable animals in one east coast population (Freycinet) contained between 51 and 53 percent of one year olds and 47 and 49 percent of two years and older (Lachish et al., 2009: fig. 2).
The difference between the western and eastern populations in the proportion of one year old vs two year and older animals (greater proportion of one year olds in the west) is intriguing but needs more testing.

Mortality and Survivorship
Mortality of the pouch young is very low, possibly close to zero and hence survivor ship is very high, possibly close to 100 percent (Guiler, 1970b, 1992). 
Mortality in the first year of life is unknown, due to the difficulty of assessing mortality during the time weaning young are in the den. However, mortality in the few months between the time young animals have left the den and the time they turn one year old has been estimated in the Mt William population in northwest Tasmania to vary between 50 and 65 percent (Pemberton, 1990: table 4.7).

Mortality in “young devils,” presumably those one year old, has been estimated in a northwest population as varying from 45.0 to 94.8 percent (Guiler, 1978).
In the Mt William population, mortality in the one year old cohort varies from 25 to 42 percent (Pemberton, 1990: fig. 4.7).

In the Freycinet Peninsula population in eastern Tasmania, annual survivorship among adults (two years and older) has been estimated as 0.5, that is, half the adults died each year (McCallum et al., 2007). But numbers taken from a graph showing the absolute size of age classes in the three years up to an including the first appearance of facial tumour disease in the population suggest that attrition between the one year and two year age classes varies from 50 to 58 percent and from the second to third year varies from 58 to 63 percent (Lachish et al., 2009: fig. 2).
In general, these mortality rates are indicative of a class II survivorship curve, that is, one in which attrition is more or less constant per unit time. 
There are conflicting views as to the sexual bias in survivorship. One early field study concluded that mortality rates were higher in females than in males (Guiler, 1978: fig. 11). But a latter study indicated that mortality rates were higher in males than in females (Pemberton, 1990). The latter determination, however, has been criticised as not being robust (Lachish et al., 2007). 

Longevity
In the wild, Devils are thought to rarely live longer than six years (DPIWE, 2005b; Buchmann and Guiler, 1977; Guiler, 1978; Jones et al., 2008; Lachish et al., 2010b). In an early survey in the northwest, one male was though to have been about eight years old at final capture (Guiler, 1978), and in a more recent survey also in the northwest, some animals were found to be nearly seven years old (S. Fox, in Mounster, 2010; Beeby, 2010).

In captivity, one Devil was alive at seven years of age (Owen and Pemberton, 2005); another died at seven and a half (Owen and Pemberton, 2005; Anonymous, 2010a); two were alive at nearly eight (Tydd, 2008), and another was alive at eight (Nowak and Paradiso, 1983; Hesterman and Jones, 2009). 

Both the wild and captive data, therefore, indicate that few if any Devils live longer than eight years.

Senescence
It is not known at what age Devils lose the ability to reproduce and hence whether any individuals live to this age in the wild. A captive male sired his last young at five years of age, although whether this reflected opportunity or ability was not clear (Owen and Pemberton, 2005). 
Captive Devils six years and older are generally considered to be senescent (PHVA, 2008). A 6.5 year old male had maturing sperm in the testes and epididymides (Matson et al., 2005), although there was no information about its overall quantity or quality.
Population Turnover
The only [?] estimate of population turnover is for an area around Cradle Mountain where the annual turnover was 88.6 percent, a very high figure (Jones, 1998). In other words, year on year nearly 89 percent of the animals observed were new.

Social Interactions
In the wild, Devils are largely solitary animals (Jones et al., 1997). They usually occur together for any length of time in only one of three situations: feeding on a carcass; courtship and mating, and a female with her dependent young (Pemberton, 1990). Feeding at a carcass can involve up to 22 individuals (Pemberton and Renouf, 1993; also Guiler, 1983a, Jones, 1998); courtship and mating usually involves just a single male and female, and a family group includes a female no more than four young. 

Interactions at Carcasses

Interactions at carcasses, even when staged for tourists, probably reveal completely natural behaviours, because they are undoubtedly part of life in the wild.  

Although Devils often feed on carcasses by themselves, the proportion of time a carcass is visited by more than one Devil increases with the population density, as does the amount of biting (Hamede et al., 2008). When one Devil first finds a carcass, its crunching of bone and cartilage is enough to attract other Devils to the feeding opportunity (M. Jones, in Parer and Parer-Cook, 2004), and as other Devils arrive and begin to feed, their vocalisations serve as a further alert (Mooney, 1992).
There is a difference of expert opinion about whether or not Devils around a carcass form a dominance hierarchy. One field worker noted that a newcomer to a carcass was only challenged by the previous newcomer and once accepted became the challenger to the next newcomer (Pemberton and Renouf, 1993). If correct, this shows an interesting distribution of motivation.
In contrast, another field worker thought that the Devils around a carcass may form a diffuse (not linear) dominance hierarchy. She noted, in effect, that when the ratio of Devils to carcass size is low, the animals tend to space themselves somewhat evenly around it with minimal bickering. But as the ratio increases (due to more Devils or less carcass), the bickering increases and dominance appears (Jones, 1994). And a Devil’s place in the hierarchy seemed to be determined by degree of satiation (Jones, 1994: Mooney, 1992), size (Jones, 1994) and perhaps reproductive condition, at least among females, with breeding females being dominant (Mooney, 1992). Young may actually reach the carcass, but then be too fearful to actually feed (Jones, 1994).
An animal’s relative position in the hierarchy can be important, because it can “influence the proportion of bone, fur and flesh” it consumes (Jones, 1995, cited by Jones and Barmuta, 1998), that is, the quality of the food. 
At carcasses, Devils are usually dominant over other species, notably those smaller than themselves such as the two sympatric species of quoll (Jones, 1998; Jones and Barmuta, 2000) and feral cats (STTDP website: Do Devils suppress cats? as updated on 5 October 2010).

Some observers note that in the wild and among adults, males have more facial scarring than females (Pemberton, 1990; Guiler, 1992; Pemberton and Renouf, 1993), but the significance of this difference is unclear. It may simply be due to males having to spend more time feeding and therefore being involved in more disputes at carcasses (Pemberton and Renouf, 1993). 
Among wild males, most animals one year old, that is, between 13 and 23 months, show relatively little scarring (2 percent), whereas animals two years and older show more frequent scarring (76 percent) (Pemberton, 1990). This pattern accords with observations that juveniles hang back at carcasses and the fact that they would not be involved in mating efforts. 
 [Later work reports relatively little obvious wounding?]
 [Are these the only times they vocalise?]
Male Combat

It is often assumed that during the breeding season, males fight over females (Hamede et al., 2008), but there is no evidence of this, either direct or indirect (Hamede et al., 2008). 

In captivity, males will fight (Roberts, 1915), but the circumstances are so uncontrolled that it is difficult to know the basis of the conflict, that is, access to females, defence of territory or social dominance. In contrast to this observation, two males kept in a divided box overnight, torn down the separator but were found curled up together asleep the following morning (Mooney, 2006).
In a group of closely-observed captive Devils, when one of the five mature females showed signs that might be indicative of approaching oestrous, that is, a tailing off of her previous dominant position, the three mature males started to become aggressive to each other, and the largest and oldest (4 y) “easily subdued” the other two (2 y) “without any serious fighting (Kelly, 1993).”
Courtship and Mating
Courtship and mating involve a few days of intense interaction between a male and female. But this phase of a Devil’s life has been observed only fleetingly in the wild. The statement that “a female loves and leaves several males in succession over a period of a week” (Jones, 2001) has no published details to support it. 

Courtship and mating are much better known from observations in zoos, although in such circumstances, the interaction may be influenced by an inability of females to break away from an overly aggressive partner.
In captivity, females appear to dominate males during most of the year, sometimes biting them severely (Roberts, 1915). During the mating season, however, males become dominant (Roberts, 1915; Fleay, 1935; Turner, 1970; Guiler, 1971; T. Virgis, in Owen and Pemberton, 2005; E. Kirchner, in Owen and Pemberton, 2005; Slater, 1993; Smith, 1993). In some cases, the male will drag the female around the enclosure by the scruff of her neck (Slater, 1993; E. Kirchner, in Owen and Pemberton, 2005). Critically, females regain their customary dominance by the time they have young, which need defending.

In captivity, a sexually-interested male Devil ingested the fresh faeces of a mature female cage mate (Eisenberg et al., 1975). And the same male sniffed the female’s urine spots prior to interactions with her (Eisenberg et al., 1975; Eisenberg and Golani, 1977).

In captivity, males will fight when put together after the mating season (Roberts, 1915). And one female was reported as killing both males and females (Fleay, 1935).

During the mating season, an active and successful male may lose up to one-quarter of its body weight (Parer and Parer-Cook, 2004).
Female and Young
Almost everything that is known about the interaction between the female and her young and the interactions among the young comes from observations on closely confined animals.
In disputes over food in captivity, a female may push her threatening young away or occasionally even butt them violently with her head (Buchmann and Guiler, 1975).

In captivity, litter mates may form hierarchies shortly after weaning. A litter of four, for example, formed a linear hierarchy within three weeks of “full weaning,” and showed most of the behaviours of adults in a similar hierarchy (Buchmann and Guiler, 1975).

With one exception, males appear to take only a predatory interest in their own young (Roberts, 1915; Harz, 1966). One early keeper, however, reported that “males wash and clean the young in a solicitous way (Turner, 1970).” 

This same keeper also reported that he had successfully fostered three young Devils abandoned by their mother with a domestic cat (Turner, 1970). Both these observations are so unusual, they need confirmation before they can be fully accepted.

Odour
Although young Devils don’t have much of an odour, at least to a human observer, 
adults have a distinctive odour, variously described as: “musty, waxy” (Owen and Pemberton, 2005; also Buchmann and Guiler, 1977); “… fur with a lanolin smell and a slightly pungent, musky, doggy aroma on its feet” (M. Jones, in Connellan, 2005; see also Fleay, 1935; Mooney, 1992; Jones, 1994; M. Jones, in  Grzelewski, 2003). Males are said to emit a stronger odour than females (Guiler, 1992).
It makes sense that young Devils have no odour, because they need to avoid being detected by predators and are too young to be involved in adult social interactions for which odour may be important. In contrast, adults engage in both intra- and inter-sexual activities in which odour may play an important role.

Devils are also said to emit a distinct scent when frightened, although the nature of the scent and its source were unspecified (M. Jones, in Grzelewski, 2003).

Anal Dragging
Devils drag their hind-quarters along the ground in a variety of social contexts: courtship, hierarchy formation and feeding in the presence of other Devils (Fleay, 1935; Eisenberg et al., 1975: fig. 2b; Buchmann and Guiler, 1977).  There is a gland near the anal opening (M. Jones, in Connellan, 2005), and presumably during dragging the gland’s secretion is spread on the substrate. Presumably this behaviour, also known as ano-genital and cloacal dragging, leaves an odour on the substrate, which can be interpreted by other Devils (Eisenberg et al., 1975; Buchmann and Guiler, 1977). A secretion could contain information about an individual’s sex, state of maturity and reproductive status.
The behaviour begins in unweaned young (c. 140 to 210-214 days, according to various authors) and continues throughout life in both sexes (Buchmann and Guiler, 1977; Eisenberg and Golani, 1977; Kelly, 1993; Pemberton and Renouf, 1993). 
In captivity, anal dragging occurs almost inevitably in a social context, that is, when two or more Devils are put together (Buchmann and Guiler, 1977; Eisenberg and Golani, 1977), usually in a way they never would be in the wild. In these circumstances anal dragging may precede or elicit an attack; precede, interrupt or follow a display, and be performed by either a “winning” or “losing” individual. However, as a dominance hierarchy forms in captivity, the incidence of anal dragging diminishes in the subordinate members (Buchmann and Guiler, 1977). 

In captivity, anal dragging also often seems to be associated with aggression over food. An individual may drag around or over food, and an individual may drag even with the food in its mouth (Buchannan and Guiler, 1977).
In wild, anal dragging has only been observed when two or more Devils are feeding on a carcass (Pemberton and Renouf, 1993). In this context, the behaviour has two parallels with what occurs in captivity: individuals in an aggressive interaction due to an unusual degree of proximity and in association with contested food. 
If anal dragging does involve a secretion useful in social communication, it is interesting that there are no observations of direct anal sniffing among Devils.

Vocalisations and Other Sounds
Vocalisations are difficult to describe due to lack of agreement on how sounds are rendered into words. For this reason, vocalisations are usually recorded and then analysed from sonographs, which display the frequency and amplitude of the sound. Vocalisations are also difficult to interpret in terms of behaviour, because they can be used in different contexts.

Devils are said to have the “largest vocal repertoire identified for any marsupial (Eisenberg et al., 1975).” Early work on two pairs of captive Devils identified ten vocalisations – huff, hiss, click (emitted with snorting or huffing), snort, bark, growl, moan, screech, snort and whine and three mechanical sounds – click (emitted by jaw clapping), lip smacking and foot stamping (Eisenberg et al., 1975: fig. 6; Eisenberg and Golani, 1977). 
Later work, on adult animals feeding on a carcass in the wild, identified 11 vocalisations: bark, click (single or in a rapid series), crescendo, growl 1, growl 2, growl 3, humph-growl, shriek, snort, whine and yip (Pemberton and Renouf, 1993: figs 3-4 and table 3). 
Some of the vocalisations almost always occur together in a specific sequence. The best known complete vocalisation, for example, is that given by two animals in a high intensity confrontation, often involving food, such as a carcass. This vocalisation has been described, variously, in terms of the call types mentioned above as: hiss – growl – whine – growl – terminal shriek (Eisenberg et al., 1975; Eisenberg and Golani, 1977) or growl 1 – growl 2 – growl 3, crescendo and shriek (Pemberton and Renouf, 1993). Note the different renditions for this well known, indeed partly defining, Devil vocalisation.
Devils will often respond to a human-made devil-like sound with a similar sound (Eisenberg et al., 1975). Devils will also respond in kind to a sound made by a physically separate Devil. The function of such imitation is unclear, but may serve to indicate the level of competency on the part of the responder to a query or challenge thrown out by the initiator.
Some vocalisations can carry over long distances. Calls broadcast into the bush can bring animals out from cover and elicit response calls (Eisenberg et al., 1975; Buchmann and Guiler, 1977).

And for what it’s worth, in one of those “my-tax-money-paid-for-that!?” kind of experiments, researchers in the UK found that out of 34 sounds ranked as the most unpleasant, the Devil’s “sound,” which was unspecified but likely to have been its scream (shriek), came in at number 11 (ABC News Online, 26 January 2007).

There seem to be few observations on vocalisation in very young Devils. In captivity, young just over 15 weeks of age and just off the teat utter “anxious whimpering, yapping cries, similar to those of a very young puppy” when lifted away from their mother (Fleay, 1935). And young just old enough to leave the pouch may “cry” if left behind in the nest when the female leaves with the other young in her pouch (Roberts, 1915). Young a few days older and more independent may make “a faint attempt at a bark (Roberts, 1915).” Young at 20 weeks of age uttered “high-pitched moaning snarls” when handled (Fleay, 1935) and at 22 weeks and almost weaned made “whining howls and sharp sniffs (Fleay, 1935).”
Agonistic Behaviour
The Devil’s agonistic behaviour has been observed in both captivity and the wild. In captivity, such behaviour has been studied mostly in animals (cagemates) that have been confined more closely and over a much longer period than would ever occur in the wild. In one study, the animals were a male - female pair, which were occasionally put in the same cage, thereby engendering some “get-to-know-you-again” agonistic interactions (Eisenberg et al., 1975; Eisenberg and Golani, 1977). And in another they were “captive devils observed over several years” in a university facility (Buchmann and Guiler, 1977). In the wild, the behaviour was studied at a large staked out carcass, thus replicating a natural situation (Pemberton and Renouf, 1993).
Low level interactions
When Devils engage each other, they have a number of ways of showing intent and perhaps capacity. For example, when aroused, blood perfuses the Devil’s external ears, the pinnae, which are only sparsely haired, turning them a deep reddish hue (Buchmann and Guiler, 1975; Eisenberg et al., 1975; Jones, 1994). Similarly, the hair, especially on the tail, may become erect (Buchmann and Guiler, 1975; Eisenberg et al., 1975: fig. 2c). Note that ear profusion is also used in thermoregulation (p. #).
In the wild at least, a Devil arriving at a carcass where other Devils are feeding may stand off and simply sit and stare or sit on its rear legs and tail with front legs relaxed (Pemberton and Renouf, 1993). The latter behaviour may be simply enable the newcomer to get a better look at the overall scene. 

In the early stages of an interaction, a Devil may present its head or entire body laterally to the antagonist (Buchmann and Guiler, 1975; Eisenberg et al., 1975: fig. 2c; Pemberton and Renouf, 1993). And one Devil may initiate contact by simply pushing the other with its shoulder (shouldering) or rump (rumping) (Eisenberg et al., 1975; Pemberton and Renouf, 1993; Jones, 1994). Another form of apparent low level contact involves stabbing the chest of an opponent with the front feet (Pemberton and Renouf, 1993).
Early in an interaction a Devil may gape (Eisenberg et al., 1975; Eisenberg and Golani, 1977; Guiler, 1983a; Pemberton and Renouf, 1993) and champ the jaws (Guiler, 1983a). It may also hiss; huff; snap the jaws creating a clapping sound, and lick the lips making a smacking sound (Eisenberg et al., 1975; Eisenberg and Golani, 1977). 
Occasionally at a carcass in the wild, a newcomer will run straight up to a feeding Devil, causing it to flee (Pemberton and Renouf, 1993). Perhaps the sheer confidence of the arriving animal is enough to send a message to the displaced animal, or alternatively, perhaps the displaced animal recognises the arriving one and acts on a memory of a past interaction with it.

In general, the intensity of vocalisation, especially growling, increases with the intensity of the interaction, both on the rise and the descent (Eisenberg et al., 1975; Eisenberg and Golani, 1977).
Hesitancy

In the initial stages of a conflict, Devils may show several behaviours that have been interpreted as being indicative of hesitancy or fear. Such behaviours observed in captivity include extension and shortening the body and treading movements of the front feet (Buchmann and Guiler, 1975). 

Yawning (Fleay, 1952: fig. p. 276) is another open mouth display, but in contrast to a gape, which seems to indicate aggressive intent, yawning is thought to indicate stress (Wood, 2003d) or fear (Buchmann and Guiler, 1975; Grzelewski, 2002) and is often a precursor to flight (Buchmann and Guiler, 1975). In captivity, yawning first occurs at about 22 weeks of age (Kelly, 1993). Yawning also occurs in captive adult Devils when they are confronted with prey (laboratory rats) they find intimidating, one rat even crossing “safely between the yawning jaws of an adult Devil (Buchmann and Guiler, 1977).”

In the wild at a carcass, Devils have been observed to raise one foot off the ground, while holding the head up and the tail down (Pemberton and Renouf, 1993). This posture seems tentative and hence might also indicate hesitancy.

Appeasement

In the early stages of an interaction, one Devil may appease the other by offering its cheek (Eisenberg et al., 1975: fig. 3d), which may elicit only a feigned bite or light nip (Pemberton and Renouf, 1993). 
Fighting

The only actual trigger for a fight that has been identified is, oddly enough, sneezing - “a sharp, exhalant noise with a somewhat querulous note.” The call is said to be most often emitted first by the eventual winner of an encounter and can be returned by the other animal (Buchmann and Guiler, 1975).”
In an intense interaction, two individuals may begin to grapple with each other in a crouching or standing posture and then rise up on their rear legs, grasping each other with their front legs, bringing their open mouths into proximity while emitting the characteristic growl – scream call (Eisenberg et al., 1975: fig. 4c; Pemberton and Renouf, 1993). The combatants may lock their jaws briefly (jaw wrestling) or back down without actually making jaw contact (Buchmann and Guiler, 1975; Pemberton and Renouf, 1993). A male-female pair familiar with each other may simply end the bout with mutually licking (Eisenberg et al., 1975).
In the wild, biting that is almost certainly derived from agonistic encounters lead to flesh wounds on the head and body (manifest as scars), broken teeth and even damaged skull bones (Buchmann and Guiler, 1977). In some cases, fresh wounds may suppurate freely and old wounds may permanently distort facial features (Green, 1967). 
When several Devils are around a carcass, there are many open-mouthed threats, much piercing screaming and occasional nipping at exposed parts. Some Devils back into a carcass, thus presenting their backsides to receive any greeting nips and bites (Mooney, 1992; Jones, 1994). It is perhaps as a consequence of being bitten on the rump when being chased from a carcass as a younger animal (below) and backing into it as an older one that older Devils can have well-scarred rumps (Mooney, 1992: fig. p. 59). 

Disengagement
A fight usually ends when the “loser” backs away. The dominant animal usually just watches the retreating animal. But it may also chase the loser a short distance (Buchmann and Guiler, 1975; Pemberton and Renouf, 1993; Jones, 1994) or even pursue it for tens of meters, biting its rump and both animals vocalising (Pemberton and Renouf, 1993; see also Mooney, 1992). A fleeing animal may have “its tail in the air and fur fully erect” (Pemberton and Renouf, 1993). Hence erect hair is a sign of both aggressive intent (above) and fear.
Agonistic play

Not surprisingly, the play of young Devils involves behaviour that forms the basis of agonistic behaviour in adults. For example, young Devils at an age of about 20 weeks and almost weaned will rush at each other with open mouth (Fleay, 1935).

Social hierarchies
In captivity, two adult Devils kept together for prolonged periods usually form a lasting dominant – subordinate relationship and agonistic interactions between them diminish (Eisenberg et al., 1975; Buchmann and Guiler, 1977). Such relationships can even be achieved without physical contact, as becomes evident over time when two animals are kept in separate cages close together (Buchmann and Guiler, 1977). Size is an important determining factor in an animal’s position (Buchmann and Guiler, 1977).
In captivity, if a subordinate animal comes under attack, it may “stretch out with [the] underside hard against the ground (Buchmann and Guiler, 1975).”  In the wild, similar behaviour may be shown by a newcomer trying to get a place at a carcass: “the newcomer … [lies] down, belly on the ground, with fore and hind feed extended anteriorly and posteriorly (Pemberton and Renouf, 1993).”
In the wild, Devils are generally solitary and hence the issue of social hierarchies does not arise. There are two situations, however, in which they may occur. In captivity, just weaned young appear to form a hierarchy in (Buchmann and Guiler, 1975), suggesting that weaning and just-weaned young in and around their natal den may do so as well.

In the wild, the Devils feeding around a carcass may also form a hierarchy, although as mentioned, this is a matter of expert difference of opinion (p. #).

Grooming 

Devils groom themselves, but they only groom one another during one aspect of courtship. 
When Devils wash themselves, they put the front paws together making a cup-like depression, thoroughly lick them and rub them over the face (Roberts, 1915; Rose et al., 2006). 
It is not clear if Devils groom the rest of their body. Devils feeding inside a rotting carcass can emerge “gooey (Jones, 1994),” but how they deal with the goo on their body fur is unknown.
In captivity, Devils will enter their water dishes (Roberts, 1915; Fleay, 1935; Guiler, 1971 as well as accept water being poured over them (Roberts, 1915). Young Devils are said to play in their water trough (Turner, 1970). This behaviour seems to be a way of keeping cool (p. #), but whether it also has a cleaning aspect is unclear.
During courtship, a pair of Devils may lie on their sides facing each other and mutually lick their partner’s muzzle, check and ear. This mutual grooming may last “from thirty or forty seconds or longer” (Eisenberg and Golani, 1977; fig 1h). Its function is unknown.
A captive-bred female treated with parturition-promoting hormones “… briefly cleaned her urogenital opening” (Rose et al., 2006). However, other females both in the control and the experimental groups showed no such behaviour, nor did males (Rose et al., 2006).

Predators of Devils
Predation is difficult to preserve, especially in largely nocturnal prey. And one animal eating another is not evidence of predation, unless it is known that the animal doing the eating will not touch carrion.
Native predators

Devils have no known native predators (Guiler, 1978; Jones 1998). But it seems likely that at least the larger of the two Dasyurus species, D. maculatus, might take young Devils and larger Devils might take small Devils (Guiler, 1978). The recently extinct Thylacine might have also been a predator of Devils (Mooney, 1992).
Exotic predators
Domestic dogs can easily kill an adult Devil (Launceston Examiner, 23 March 1917; Green, 1967; Guiler, 1970a, 1978, 1983a; Jones, 1995). In fact there is one account, possibly apocryphal, of an Australian kelpie sheep dog in a kennel with her litter of pups apparently killing six Devils bent on eating her young (Guiler, 1992). In captivity, dingoes can also easily kill Devils (The Argus, 14 May 1946).
It is difficult to know how many Devils are killed by dogs annually. There is an unsupported report of about 20 dogs killing about 50 Devils, although the length of time and the geographical area of this mortality was not included (Hawkins et al., 2008). But in that these reports were made voluntarily with some risk and little to be gained, the actual number of death by dog must be much higher.

Foxes, if they were ever to become established in large numbers, would also be potential predators on young Devils.

Human predators

Although there is good evidence from what is now mainland Australian that Aboriginals killed Devils for both material items and food (p. #), it is not clear how widespread this practice was. There is no pre-historical or recent evidence from Tasmania that Aboriginals killed Devils for any use.
The early settlers killed Devils by trapping, shooting and poisoning, and although trapping and shooting are now largely prohibited, poisoning continues.  In the early days, people used strychnine, but when this was banned in the early 1950s they switched to 1080, which is much less lethal to Devils. Today, humans can only poison Devils by permit. And most of the demand is in order to protect newborn lambs. Indeed, in 1974, in one district alone (Auburn), 250 Devils were killed “as a control measure (Guiler, 1978)”.
Experimentally, Devils usually respond to 1080 poisoning initially by vomiting, which onsets within about 20 to 80 minutes of ingestion. After vomiting, some individuals may recover, especially those that vomit sooner rather than later. Those that do die, however, do so in obvious distress (McIlroy, 1981). Devils are much more resistant to 1080 than are other carnivores, both exotic and indigenous, in Tasmania. For example, the LD50 for Devils is 4.24 mg/kg but only 3.72 for Eastern Quolls. In contrast, the LD50 for foxes is 0.10 mg/kg and for wild dogs it is 0.06 mg/kg (DPIPWE, 2010b; see also Mooney, 1992).
Humans not only poison Devils directly but also indirectly when Devils scavenge the bodies of the animals for which the poison was intended, usually rabbits or wild dogs.

Roadkill
The advent of the motor vehicle was a new source of human-caused mortality, although in this case, largely inadvertent. And it didn’t help that the density of the road network matches closely the density of Devils. It is not surprising, therefore, that vehicles account for a large proportion of the recorded mortality for Devils. For example, vehicles accounted for up to 50 percent of Devil mortality at Cradle Mountain over 17 months and 20 percent at Freycinet National Park over 12 months (Jones, 2000; Jones, in Hawkins et al., 2008). And a survey between June 2001 and November 2004 estimated the annual kill over the entire state at 3.8 – 5.7 percent of the population (Hobday and Minstrell, 2008). 
The Devil’s dark pelage makes in one of the most difficult animals to see on the road at night from a moving vehicle at night (Hobday, 2010).

As roads improve, a constant priority in the bush, they become more lethal to wildlife, including the Devil. As a winding, bumpy, narrow dirt road becomes a straight, smooth, wide, tarred road the number of vehicles increases, the average vehicle speed goes up and the number of animals killed rises (H. McCallum, on the ABC, World Today, 11 June 2010; also S. Plowright and G. King, in DPIPWE, 2010).
Roads are attractive to Devils because they provide easy travel routes and are a source of food – other roadkills. These incentives along with the steady immigration of “new” Devils moving in to take up the “vacancies” creates a mortality sink for Devils.
Roadkill can be reduced somewhat by taking pre-emptive measures, such as reducing the speed limit (Jones, 2000) and, perhaps, by erecting more cautionary signs (Tasmanian Minister for Infrastructure Press Release, 16 October 2010). But there is no escaping the fact that continual road improvement is just another human influence that slowly degrades nature until in the end it just disappears or is classified as too far gone to continue bothering about.
Predator Defence

When confronted by a human in the wild, Devils may “freeze” (Denholm, 2010; Fox, in Beeby, 2010), try to slip away or put on an impressive display. When taking the quiet way out, Devils may slowly creep away until the human observer moves when they “freeze,” only to resume their slow retreat when the human observer stops (Jones, 1994). But if startled, they may flee with tail raised and fur standing on end (Mooney, 1992; Jones, 1994). 

When confronted by a human in captivity, Devils may threaten mildly by gapping (Guiler, 1971; Eisenberg et al., 1975), snapping the jaws to make a clapping sound (Eisenberg et al., 1975) and licking the lips making a “soft smacking sound (Eisenberg et al., 1975). A more severe threat may involve a rush and a “bark, followed foot stamping or snorting interspersed with barks (Eisenberg et al., 1975).”

[Include video footage here.]
In captivity, young Devils at about 20 weeks of age and off the teat but still not fully weaned will make sharp sniffing noises and high-pitched moaning snarls and gape when handled (Fleay, 1935).

 No doubt the Devil’s full-blown defensive display helped convince people with little close association with it that it was a dangerous animal. But while it is true that an aroused Devil could inflict a very nasty bite, it is also true that even wild-caught Devils can become “quite docile and easily handled” (Roberts, 1915; Green, 1967; also Jones, 1994). Devils’ ability to modify their behaviour to suit the circumstances may be an indication of their level of intelligence.

Parasites and Diseases
Like every other vertebrate species, Devils have both external and internal parasites. Some of these are quite general in their taxonomic distribution; some are restricted to the Devil and its close relatives, and some are specific to Devils.

Interestingly, “counting parasites” was and perhaps still is a part of the standard assessment procedure of devils captured in monitoring the spread of the disease (Johnston, 2007). But as yet, none of this information has been published.
Ectoparasites 
As might be expected, Devils in the wild carry a variety of ectoparasites, that is, parasites on the outside of the body. To date, these include one flea, Uropsylla tasmanica; one mite, Satanicoptes armatus, and three ticks, Ixodes fecialis, I. holocyclus and I. tasmani (Green, 1967; Beveridge and Spratt, 2003; Vilcins et al., 2009). 
[Also, Beveridge and Spratt, 2003]
Fleas

The endemic Tasmanian flea, Uropsylla tasmanica, is unusual in its biology, because it spends almost its entire life cycle on the host, the larval and pupal stages occurring in the subcutaneous tissue of the host (Dunnett, 1970; Pearse, 1981; Williams, 1986, 1991; Beveridge and Spratt, 2003). This is in contrast to most fleas, on domestic animals for example, where the immature stages fall off the host used by the adult.
This species occurs only on Thylacinus cyanocephalus, the Thylacine; Sarcophilus harrisii, the Devil; Dasyurus maculatus, the Tiger Cat, and D. viverrinus, the Eastern Quoll (R. Warneke, pers. comm., in Obendorf, 1993; Beveridge and Spratt, 2003). The status of an earlier report of the flea occurring on D. geoffroii (Williams, 1991) is unclear.
Occasionally Devils can be highly infected with fleas, presumably this species. One early observer said a dead Devil so swarmed with fleas that “they formed a continuous brown under-coat all over its body … and the place … where it was laid down for a few moments, became covered with them … in myriads … (Meredith, 1853.)”
Mites

Two mites have been described from Devils and, to date, are known only from Devils.

Diabolicoptes sarcophilus was recovered from the faeces of a wild Devil held in captivity for ten weeks and was presumed to be a skin parasite from either itself or one of its food items while in captivity ((Fain and Domrow, 1974; Fain and Laurence, 1975)
Satanicoptes armatus was first recovered from patches of sarcoptic mange on an animal in the London Zoo (Fain and Laurence, 1975). The areas of mange caused by the mite can be especially large in older Devils (L. Stevenson, in Owen and Pemberton, 2005; Jones et al., 1997).

Ticks

Of the three species of ticks that occur on Devils, Ixodes fecialis occurs widely in eastern and southern Australia and has been taken from a variety of marsupial and placental species. I. holocyclus, the paralysis tick, extends along the eastern seaboard of Australia from Cape York Peninsula to northeast Tasmania; it also occurs on a number of marsupial species. I. tasman, the marsupial tick, is the most common tick in Tasmania and very widespread in Australia; it likewise occurs on a number of marsupials.  
All three tick species are possible vectors for are variety of potentially pathogenic microbes that could inhabit the blood of vertebrates.  To date, however, only two of the three species have actually been found to carry potentially disease-causing microbes. A survey of 44 Ixodes tasmani recovered from an unspecified number of wild Devils, found that 55 percent carried the rickettsia, Rickettsia tasmanensis (Izzard et al., 2009; Izzard, 2010; see also Steel 2010). And another study of 44 samples recovered from 35 wild Devils and potentially containing both Ixodes holocyclus and I. tasmani found that 45 percent of the samples carried another rickettsia of the Rickettsia massiliae group; 34 percent carried a hepatozoon and 14 percent carried both microbes (Vilcins et al., 2009: see also Steel 2010). It is not known, however, if the infected ticks picked up their microbial pathogens from the Devils from which they were sampled or from another species (Vilcins et al., 2009).

Rickettsias cause a variety of diseases in humans and other animals, such as cats and dogs. Hepatozoons occur in most tetrapod vertebrates. They are usually benign in most host species, although they can cause disease in dogs.
Endoparasites.

Only three groups of metazoan endoparasites are known to occur in wild Devils: cestodes (tapeworms), nematodes (round worms) and trematodes (flukes). Devils also carry a number of microbial blood parasites.
An article on captive Devils but written by a researcher with extensive field experience of wild Devils cites three species of cestodes, two of nematodes and two of trematodes, as having been recorded from Devils. But it is unclear if these were from wild or captive individuals (Guiler, 1971). The difference is important, because captive Devils can pick up parasites they would not ordinarily have in the wild.

Cestodes

Five species of cestodes occur in Devils. Anoplotaenia dasyuri was first described from an animal that died in captivity in the Gardens of the Zoological Society in London (Beddard, 1911; see also Cameron, 1931 and Obendorf and Smith, 1989). However, it occurs in almost all wild Devils (293 out of 294 examined) and usually in large numbers, often a 1000 or more (range: 2 - 5 600). There is a strong positive correlation between Devil body weight and the number of worms, suggesting that Devils continue to acquire worms throughout life. There is no significant difference in the number of worms in males and females. 

The fact that the worms occur in large numbers without the Devils showing any noticeable ill-effects suggests that the parasite, even in large numbers, is relatively harmless (Gregory et al., 1975; Gregory, 1976; see also Kelly, 1993) and that Devils have little trouble feeding the worms as well as themselves.

Among native species, mature Anoplotaenia dasyuri occur in the Spotted-tailed Quoll, Dasyurus maculatus, and Eastern Quoll, D. viverrinus, as well as Devils (Obendorf and Smith, 1989). Among exotic species, mature worms also occur in cats and dogs (Gregory et al., 1975).
Among native species, immature stages of Anoplotaenia dasyuri occur naturally in only some species, such as macropods, that are likely to be scavenged by Devils, but not others, such as bandicoots, possums, rodents and wombats. They also occur in the two species of Tasmanian Dasyurus and in Thylacinus, but not the Devil itself (Obendorf and Smith, 1989). The immature stages also do not occur in exotic animals such as rabbits and deer, which might also be scavenged by Devils (Beveridge et al., 1975; Gregory et al., 1975).

Dasyurotaenia robusta was also first described from a Devil that died in the Gardens of the Zoological Society in London (Beddard, 1912). Indeed, everything that is known of the parasite is based on Devils from zoos. Oddly, it has appears not to have been found in wild Devils (Beveridge, 1984). The tapeworm inhabits the Devil’s small intestine (Beddard, 1912, 1915; Beveridge, 1984; Beveridge and Spratt, 2003). The species occurs only in Devils, and as a logical consequence of its host’s uncertain future, it is the only tapeworm to be recognised as an endangered species (Hawkins et al., 2008). 

The relationships of both Anoplotaenia and Dasyurotaenia among cestodes are obscure (Beveridge and Jones, 2002).

Spirometra erinacei. Rudolphi, 1819; Mueller, 1937; Spratt et al., 1991;
Taenia pisiformis. This widespread species of tapeworm appears in a list of worm parasites in the Devil based on one register number in the national worm collection in Adelaide (Spratt et al., 1991). No further details are available.
Traces of cestodes are common in scats found in the bush (Fleay, 1952).

Devils do not seem to be a natural host to any species of tapeworm affecting sheep (B.L. Munday pers comm. in Howkins, 1966; Gregory, 1972, 1976), despite the fact that they eat the entrails of dead animals. Furthermore, attempts to infect experimentally Devils with the immature stages of three species of tapeworms involved with debility in sheep, Echinococcus granulosus, Taenia hydatigena and T. ovis, were successful only in the case of T. hydatigena (Gregory, 1976). It is possible, in fact, that Devils and other dasyurids are refractory to Echinococcus granulosus (Jenkins, 2006).
Nematodes

Seven species of nematodes occur in Devils. The strongylidan Angiostrongylus cantonensis is known from captive Devils (Samuel, in Munday, 1988). 

The ascarididan Baylisascaris tasmaniensis occurs only in Devils and the two species of quolls in Tasmania (Sprent, 1970; Sprent et al., 1973; Obendorf, 1993), although other unidentified species of the genus occur in other Australian and New Guinea marsupials (Beveridge and Spratt, 2003). The nematode’s intermediate hosts include brush-tailed possums (Obendorf, 1993) and wombats (Munday and Gregory, 1974).
The spiruridan Physaloptera sarcophili was described from the Devil without any reference as to its anatomical location (Johnston and Mawson, 1940). Apparently it has not been recorded in any other species subsequently.
The spiruridan Cercopithifilaria johnstoni. Baker and Chabaud, 1982; Mackerras, 1954; Spratt et al., 1991 
The spiruridan Cyanthospirura dasyuridis. (Mawson, 1968; Spratt et al., 1991)
The strongylidan Woolleya sarcophili was described from a Devil that died in the Scottish Zoological Park (Cameron, 1931, in the genus Nicollina). The parasite has not been reported subsequently in any other Devil or species, raising the question whether it occurs naturally in the Devil or was picked up from another species in the zoo. 
The tricocephalidan Trichinella pseudospiralis occurs in both its larval and adult stages in the muscles and intestine, respectively, of Devils (Obendorf et al., 1990; Obendorf, 1993; Booth, 1994; Alford et al., 1998). The parasite also occurs in the two species of quolls in Tasmanian and, in very low frequency, the Brush-tailed Possum. It does not seem to occur in the native macropods or the exotic cats, pigs or rodents. This taxonomic distribution suggests that the life cycle is confined almost entirely to the three extant native carnivores, through scavenging, predation, cannibalism or coprophagy (Obendorf et al., 1990).
Trematodes

Three species of trematodes have been recorded from Devils. Mehlisia acuminata (Johnston, 1913; Spratt et al., 1991).
Neodiplostomum diaboli was described on the basis of preserved specimens found in a collection (Dubois and Angel, 1972; Spratt et al., 1991; Cribb and Pearson, 1993). The species has also been recorded from Dasyurus viverrinus (Cribb and Pearson, 1993).
Neodiplostoma sarcophilus was described from specimens from the “stomach and intestine” of one or more devils “from Tasmania” (Sandars, 1957), suggesting they were of wild provenance. This parasite may have been the same as the “Alaria sp.” mentioned earlier in the literature from a Devil that died in the Scottish Zoo (Cameron, 1931; Sandar, 1957; Spratt et al., 1991; Cribb and Pearson, 1993). Other than these two instances, the parasite has not been reported again.
Microbes

A small percentage of Devils may carry the cysts (muscles) or sporocysts (intestine) of a single-celled ampicomplexan in the genus Sarcocystis or a near relative (Munday et al., 1978). These observations suggest that at least a few Devils could be both an intermediate and definitive host for the protozoan. There is no evidence that the parasite has a debilitating effect on Devils.
In both the wild (Obendorf, 1993) and captivity (Kelly, 1993) Devils also carry Salmonella bacteria, although they appear to asymptomatic.

The lungs of  25 wild Devils were surveyed for the spores of the fungus Emmonsia, a pathogen common in burrowing animals in the Northern Hemisphere, but the results were negative (Munday, 1966).

Diseases
In the wild, Devils may develop skin sores (Guiler, 1971); cysts, both external (nipple; Guiler, 1978; Obendorf, 1993: fig. p. 44) and internal (uterus; L. Hughes in Guiler, 1978), and haemorrhoids (Guiler, 1971).

Older Devils can also show evidence of osteoarthritis, “rheumatism” and neuro-muscular disabilities (Guiler, 1978, 1992; Kelly, 1993; Obendorf, 1993; Holz and Little, 1995), which can affect their movements.
In captivity, Devils have are subject to a variety of diseases, including infections, perforated ulcers and cancers. In terms of infections, septicaemia associated with an intestinal tract infection was fatal (Guiler, 1971). A perforated duodenal ulcer was also fatal (Guiler, 1971; Kelly, 1993). In contrast, two small skin infections presumably caused by a common soil bacterium and possibly incurred during fighting, were treated successfully with antibiotics (Reppas et al., 2010; also P. Holz, in Michael and Sangster, 2010).
Cancers include those of the adrenal gland (Guiler, 1971; Munday, 1988; Kelly, 1993; Holz and Little, 1995), intestine (Guiler, 1971), central nervous system (Holz and Little, 1995), liver (Griner, 1979), lymph nodes (Griner, 1979: Munday, 1988), mammary gland (Effron et al., 1977; Griner, 1979), sebaceous gland (Effron et al., 1977), thyroid (Lombard and Witte, 1959; Effron et al., 1977; Griner, 1979), smooth muscle (Griner, 1979) and skin (Ratcliffe, 1933; Lombard and Witte, 1959; Effron et al., 1977; Griner, 1979; Canfield and Cunningham, 1993; Holz and Little, 1995; Ladds et al., 2003) and stomach (Ladds et al., 2003). An early news based on an interview with a researcher at the University of Tasmania noted “the Tasmanian devils which have died in captivity have all been found to have died from cancer (Anonymous, 1969)”, although it is not clear what animals (University of Tasmania research labs?) or what numbers of animals it was referring to. One early researcher even suggested, presciently as it turned out, that Devils might be genetically predisposed to the development of cancer (Griner, 1979).

Cancers are said to be “common” in dasyurids, including Devils, in both the wild [Munday, 1988] and captivity (Griner, 1979, 1983; Montali, 1980; Canfeld et al., 1990; Booth, 1994, and P. Holz, in Edwards, 2007; see also Anonymous, 1969; M. Jones, ABC Science Show, 3 September 2011, and M. Jones, video on The Australia website, 7 September 2011). Indeed, it has been said that “Devils are particularly susceptible to cancers (A. Papenfuss, in Nature News Online, 31 December 2009).” It is difficult, however, to know what to make of these assertions (Twin and Pearse, 1986), because the bases of comparison are rarely stated and never tested statistically. And in the case of captive animals, the claims may not take into account the conditions under which the animals were kept. For example, the fact that Devils in zoos are usually forced to be outside during the day in order to support the commercial interests of the institution means the animals are exposed to levels of solar radiation that they have not evolved with, thereby presumably increasing their chances of developing more radiation-induced cancers than would be the case with diurnal marsupials such as kangaroos.
The STTDP Website seems to explicitly support diurnal display, because it assets, along with video evidence, that “Tasmanian Devils love nothing better than to play in the sun and then cool down with a dip in the ‘pool’ (STTDP Website: Devil summer – a swim and a ball game; 24 February 2011).”

Captive devils can also have arterial degeneration (R. Parsons, in Anonymous, 1969; Munday, 1988), blocked kidneys (Munday, 1988) and meningitis (Blanchard, 1991, as cited in Obendorf, 1993). Indeed, very old Devils that have spent most of their lives in captivity may show a variety of maladies (Michael and Sangster, 2010).
But all these diseases pale into insignificance in comparison with a disease first noticed in 1996 and now sweeping through the wild population: an infectious cancer cell line causing what has come to be known as Devil Facial Tumour Disease. This disease and what is being done about it is the subject of the final chapter of this book.

Physiology
Physiologists take special interest in the Devil due to its position due to its large size and calm temperament, which make it easy to handle, the animals sometimes even falling asleep in the experimental chamber. As the largest living marsupial carnivore, it provides a window onto the even larger marsupial carnivores of the past such as the Australian thylacoleonids. And as the largest living dasyurid weighing 6-8 kg, the Devil provides the “must have” heavy anchor for all weight based comparisons within this diverse family. The first study of Devil physiology was the quantification of several blood parameters published in 1966.
Metabolic Rate
The lowest mean metabolic rate, as measured by oxygen consumption, in one male Devil during the middle of its inactive period, was 0.28 ml/g/h and occurred at an ambient temperature of 31.0º C and a body temperature of 36.8 º C (MacMillen and Nelson, 1969). The mean metabolic rate for five Devils during the inactive period and at 20º C was 0.29 ± 0.02 ml/g/h. After acclimatisation for two weeks at 3-5º C and tested again at 20º C, the rate went up to 0.31 ml/g/h (Kabat et al., 2003). 
When awake, a Devil’s metabolic rate is lowest at an ambient temperature of about 28º C and rises on either side, although the rate of increase is greater and more variable with cooling than with warming, probably because the animals shiver periodically at lower temperatures, which raises the rate. When asleep, the same pattern holds, but the rise during cooling is less than during waking (Nicol and Maskrey, 1980; fig. 2).

When awake, a Devil’s metabolic rate is fairly uniform at any particular ambient temperature. When asleep, however, the rate cycles, and the amplitude of the cycle increases with decreasing temperature. Within in each cycle, increases are associated with shivering (Nicol and Maskrey, 1980; fig. 1). 

When the Devil’s ambient oxygen levels are experimentally halved from about 20 percent to about 10 percent, its metabolic rate rises from 2.5 W/kg to about 4.3 W/kg. This is probably due to the increased breathing rate and cardiac output mounted to deal with the diminished oxygen and raised blood carbon dioxide content in the blood (Nicol, 1982: fig. 1).
Body Temperature and Thermoregulation
The Devil’s body temperature is related to ambient temperature at the high end of the ambient range and probably at the low end as well. Hence it is useful to distinguish between body temperatures recorded without accompanying ambient temperatures and those with them.

Body temperature without regard to ambient temperature
In the wild, the only body temperatures for Devils are from four animals measured with telemetry in the central highlands. These animals body temperatures ranged between 31.3 and 37.5º C, with a mean of 35.7º C (N = 4) (Jones et al., 1997). Importantly, this “in-the-wild” temperature range encompasses most of the other observed body temperatures, all of which were made in experimental situations (maximum = 38.1 º C).
In the three experimental situations unlinked to ambient temperature measurements, the body temperatures of conscious, resting Devils averaged 37.6 º C in one adult (Robinson and Morrison, 1957); ranged 36.1 - 37.7 º C in one male (Morrison, 1965), and ranged 36.5 - 38.1 º C in four males and 34.6 - 38.0 º C in nine females (Parsons et al., 1970), while the body temperatures of anaesthetised Devils subject to an invasive procedure ranged 33.0 - 34.9 º C in two adult males and one lactating female (Parsons et al., 1970).

When ambient oxygen levels are experimentally halved, that is from about 20 percent to about 10 percent, the Devil’s body temperature falls from 36.6 ºC to about 35.8 º C. This is probably due to the increased evaporative water loss due to an associated increase in the breathing rate (Nicol, 1982: fig. 1).

Body temperature with regard to ambient temperature
The most comprehensive analysis of body temperature in relation to ambient temperature involved three Devils, two males and a lactating female in both wakeful and sleeping states observed over ambient temperatures ranging from 2 to 44 º C. The resulting “response curve” was an upward opening, left hand truncated parabola with its vertex at a body temperature of about 34 º C and an ambient of about 20 º C. From this vertex, body temperature rose to about 36.5 º C at a minimum ambient of about 2 º C and to about 38 º C at a maximum ambient of about 44 º C. And at any one ambient temperature, the results showed a range of about 2 º C, although this was less when animals were held for long periods, 7 h, at any one temperature (Nicol and Maskrey, 1980: fig. 3).

This “response curve” suggests that Devils will not let their body temperatures fall below about 34 º C. It also shows that they will let their body temperatures rise, probably passively, with rising ambient temperatures, at least up to a point, which may not have been tested by the available range of ambient temperatures. And most interestingly, it shows that as ambient temperatures drop below about 20 º C the animals actually increase their body temperature, probably by shivering, up to at least about 36.5 º C. Why they don’t just maintain their temperature at the lowest tolerated level of about 34 º C is unclear.

In contrast to the parabolic response to ambient temperature described above, in another experiment over ambient temperatures between 11 and 39 º C a male Devil was graphed as showing a linear rise in body temperature from about 36.5 to 37.4 º C (Morrison, 1965: fig.8). In other words there was no detectable decline in body temperature over intermediate ambient temperatures as was the case in the parabolic response. However, there were only three data points, and they were on either side of the critical low area in the parabolic response curve.

In an experimental setting and at an ambient temperature of 31 º C, the body temperature in a single adult male Devil averaged about 36.8 º C (MacMillen and Nelson, 1969). This body would be at the high end of the range for its ambient temperature in the parabolic response curve.

In another experiment, at an ambient temperature of 19-21 º C an adult had a body temperature of 34.5 º C and at 39-41 º C a temperature of 39.0 º C (Hulbert and Rose, 1972). The former body temperature is well within the range for its ambient temperature in the parabolic response curve, but the latter temperature would be at the high end of the range for its ambient temperature.
In two adult males under ether anaesthesia and subject to an invasive procedure, one at an ambient temperature of 18.5 º C had a mean body temperature of 33.3 º C and the other at an ambient temperature of 20.1 º C had a mean body temperature of 35.5 º C (Guiler and Heddle, 1970: tables 1-2). Both body temperatures are well within the range of body temperatures observed at those ambient temperatures in the parabolic response curve.

In terms of energy expenditure in regulating their body temperatures, Devils probably save energy by letting their body temperature rise with ambient temperature and only begin expending energy by panting (below) when their body temperature approaches dangerously high levels. But Devils appear to expend more energy than seems necessary to actually raise their body temperature by shivering with falling ambient temperature. In terms of metabolic rate, Devils appear to effect the greatest economies in energy expenditure over an ambient temperature of from about 20 to 30 º C, with a peak perhaps at about 30 º C. This is probably the ambient temperature range in they probably spend much of their lives, that is, their diurnal shelter sites year round and their nocturnal activity times from late spring to early autumn.

Daily variation

The Devil’s body temperature varies cyclically during the day, with the highs occurring at night when the animals are normally active and the lows in the day when they are normally inactive. In the wild, body temperature in two males and two females, in aggregate, was slightly higher in the evening when the animals were active and slightly lower during the day when they were inactive, but with a mean amplitude of only 0.6 º C. The daily patterns are “surprisingly stable” throughout the year (Jones et al., 1997). 

In captivity, the Devil’s body temperature varies during the day in the same way, whether the animals are kept under ambient, that is, naturally fluctuating, temperatures (Guiler and Heddle, 1974: figs 2 and 3) or constant temperatures (Guiler and Heddle, 1974: fig. 4 and table 2). There is, however, a great deal of variation within individuals. For example, the mean hourly body temperatures of a large male recorded for 12-17 days at ambient room temperature had standard deviations ranging 0.8-2.4 (mean = 1.7; data from Guiler and Heddle, 1974: fig. 3). And the significantly different mean dark (35.6 º C) and light (35.0 º C) body temperatures (Mann-Whitney U = 138.5, P < 0.001) for this same animal suggest a daily amplitude similar to that observed in the wild.
Interestingly, results from the observations just described suggest that much of the within hourly variation in the single Devils body temperature may be accounted for by the within hourly range of ambient temperatures (r2 = 0.71, P < 0.001; data from Guiler and Heddle, 1974: fig. 3). Assuming that the within hourly ambient temperature range reflects the within hour variability of those temperatures, it would appear that much of the variability in the Devil’s body temperature might be due to the variability of its ambient temperature. This, along with would suggest further that the Devil thermoregulates only loosely instead of precisely.

In contrast to the daily pattern observed in both wild and captive animals, an early observation on the daily variation in the body temperature of a captive male found a high of about 37.7 º C shortly before mid-day and a low of about 36.1 º C around midnight (Morrison, 1965: fig.4), with an amplitude of 1.6 º C. The apparent phase shift in this animal was attributed to its having been borrowed from a zoo and therefore having an activity cycle adapted to the day-active viewing public (Guiler and Heddle, 1974).
The daily temperature rhythms in Devils are probably entrained by their normal activity times, but just how quickly they can be re-entrained by a shift in activity time, as in the case of the zoo animal just mentioned, is unclear. 
Body temperature and activity

In experimental situations, Devils’ body temperatures increase with exercise, rising to as much as 4-5 º C over resting levels, with a recorded maximum of 41.7 º C (Nicol and Maskrey, 1986). After exercise, body temperatures return to normal in about 40 – 60 minutes (Nicol and Maskrey, 1986), apparently with no ill-effects.

Heating and cooling mechanisms

Devils warm themselves by shivering (Nicol and Maskrey, 1980; also Nicol and Maskrey, 1986) and cool themselves by panting (Hulbert and Rose, 1972; Nicol and Maskrey, 1980; Nicol, 1982; but see Guiler and Heddle, 1974 for failure to record. Even when sleeping, Devils will shiver at low ambient temperatures, but they do so only in slow wave sleep, not rapid eye movement sleep (Nicol and Maskrey, 1980). Interestingly, there are no observations of Devils licking themselves to keep cool.
In terms of their own body temperatures, Devils start panting at about 37 º C, and body temperatures “rarely” exceed 38 º C, even at ambient temperatures in the high 30s and low 40s (Nicol and Maskrey, 1980; Nicol, 1982). Such, apparently, is the efficiency of panting.

There are only a few other body temperatures with associated ambient temperatures and these fall within the general parabolic pattern described above. Two adults at an ambient temperature of 19-21 º C, for example, had a body temperature of 34.5 º C, and at an ambient temperature of 39-41 º C it rose to 39.0 º C (Hulbert and Rose, 1972). 
Shivering as a way to raise body temperature is only a short-term response to brief periods of cold. When kept under cold conditions for longer terms, Devils can raise their basal metabolic rate and presumably also their temperature without shivering. Non-shivering thermogenesis is common in eutherians, but it has difficult to demonstrate in metatherians. It appears, however, that Devils have this capacity, because when kept at 3-5 º C for two weeks, their basal metabolic rate increased by 11 percent (above). In eutherians, the heat produced in non-shivering thermogenesis is usually generated by the metabolism of brown fat. But Devils appear to lack such fat, leaving the muscles as the most likely place for the increased heat production (Kabat et al., 2003).
In captivity, Devils may become extremely lethargic on hot days (Ewer, 1969), which suggests that they are either inhibited in or actively reduce their activity. In either case, the decreased activity would minimise heat gain.

In an early experiment, an adult Devil was kept at 40º C for six hours to see how it would cope with this relatively high ambient temperature. The animal’s rectal temperature rose over the first half hour to about 39.4º C, but over the next two and a half hours it fell back and over the last three hours was close to what it was before the animal was moved to a warmer environment (c. 37.4 º C). The animal’s respiratory rate followed a similar pattern. How the animal kept its body temperature below ambient was not clear, as it was not observed to pant (at least after its temperature had returned to near pre-experimental levels) or lick its fur (Robinson and Morrison, 1957). The suggestion at the time was that the animal must have been sweating (also Morrison, 1965), but subsequent work showed that Devils do not sweat (Hulbert and Rose, 1972; Bell et al., 1983). If this animal truly did not pant, it is difficult to see how it could have maintained its body temperature below ambient.
In another experiment, a Devil with a body temperature of 39 º C suffered heat collapse and had to be removed to a cooler temperature. This was possibly the experiment in which the body temperature of an animal kept for two hours at 50 º C, as this was the only reported constant experimental temperature above 35 º C, the only reported fluctuating ambient temperature above 37.8 º C and the only reported body temperature above 37.9 º C. Given that some of the body temperatures in this experiment approached or even reached at least 37.9 º C and in one case attained the stressful 39 º C, it is interesting that there was no observation of “panting, tongue lolling or licking (Guiler and Heddle, 1974).”
It is worth noting that there is no mention in the literature of Devils panting with the mouth open, as in dogs. Panting, that is, an increase in the breathing rate in association with high temperature, appears to occur only with the mouth closed. It is possible, therefore, that observations of a lack of panting in Devils might hinge on this difference in what constitutes panting.
Under hot conditions, experimental animals will wallow in their water dishes (Ewer, 1969) and drink large amounts (Robinson and Morrison, 1957). And zoo animals are said to “enjoy bathing” and will do so communally if the water dish is large enough (Guiler, 1971; see also Roberts, 1915; Oglesby, 1978). The wallowing and bathing possibly has a thermoregulatory function (see T. Faulkner, on ABC Newcastle, 10 February 2011), but it may also just be a behaviour learned in captivity, as it is difficult to imagine wild Devils active at night needing to cool down by bathing.

In captivity, Devils are often active during the day, probably in response to the schedule either imposed on them or to which they adapt in response to circumstances. Curiously, day-active Devils will bask, with the “head and hind-quarters quite flat on the ground and turned out at right angles, somewhat as a frog” (Roberts, 1915; also Fleay, 1935, Kelly, 1993 and Slater, 1993). Basking Devils may have bright red ears, as if they were dissipating heat from them (Roberts, 1915; Fleay, 1952). If this is the case, their basking may be more related to some function other than thermoregulation, such as digestion or ectoparasite control.

Devils have a system of blood vessels at the base of the brain that appears to act as a counter-current heat exchanger to keep the brain cool. The bilateral system consists of convoluted anterior and posterior branches of the internal carotid arteries which join just below the brain in close apposition to a sinus of venous blood. The system carries arterial blood on its way to the brain and the sinus carries venous blood returning from the nose and mouth. The architecture is such that it appears as if heat in the arterial blood from the warm body would be lost to the venous blood returning from the cool nose and mouth. Such a cooling system might be advantageous in keeping the brain cool during high ambient temperatures or strenuous activity when a Devil’s body temperature rises and it starts panting (Shah et al., 1986, 1989). 
In terms of thermoregulation, it is easy to imagine Devils in the wild having to cope with extremely cold conditions, as they are out and about at night in winter at high altitude (e.g., ≥ 760 m). On the other hand, it is hard to imagine they would have to deal with maximum temperatures much above what might be expected on a very warm summer’s night, say 35 º C. In this regard, the Devil’s ability to keep its body temperature low in the face of high ambient temperatures than it would probably never experience in the wild is remarkable.
In captivity, localised heating can be used to attract Devils to a particular part of their enclosure (Slater, 1993). Presumably this is in cooler conditions. 

Body Water 
As with most other vertebrates, most of the Devil’s body weight is water, specifically, between 54 and 83 percent (Nicol, 1978). Although the sample size was small (N = 4), the two lactating females measured had the lowest percentages, 54-60 vs 77-83. The loss of water through lactation was dismissed as being relatively small, but no alternative was suggested (Nicol, 1978).

Water Flux 
Devils, like other most other vertebrates get their water from drinking and their food. Also like other vertebrates, they loose water through evaporation from the skin, eyes, nose and mouth and in the faeces and urine. And among mammals, males lose water in the ejaculate and females when lactating. The amount of water that passes through an animal per unit time per body weight is known as the water turnover rate.
For Devils the water turnover rate per day ranged 115.6 to 141.4 (mean = 129; range calculated from data in reference, pers. obs.) ml/g0.82 in five animals at 13 ±1 º C (Green and Eberhard, 1979) and 91.6 to 106.0 (mean = 100.4 ± 7) ml/g0.82 in four animals at 20 ±1 º C (Nicol, 1978, 1982), the higher value at the lower temperature being attributed to the higher metabolic rate at the cooler temperature (Nicol, 1982). 

Under standard conditions, the water turn-over relative to weight is very similar for all mammals examined to date. About the only variation in the relationship is a tendency for animals from more arid areas to have lower rates of turnover; that is, they seem to conserve water slightly better than animals from more mesic areas (Nicol, 1978). 
The data for water turn-over relative to body weight in Devils fits well within the relationship demonstrated for mammals in general (Nicol, 1978).

Although Devils do not sweat, they do lose water passively through the skin, and the higher the body temperature the more water they lose. This is probably due to the higher skin temperature, which increases the water vapour pressure at the skin surface. At an ambient temperature of 19-21º C the cutaneous water loss in two adult Devils averaged 24.3 ± 5.6 g H2O/m2/h, but at the near lethal ambient of 39-41º C, it average 36.8 ± 6.4 g H2O/m2/h, which was only an increase of just over 50 percent increase (Hulbert and Rose, 1972).
Breathing Rate
At an ambient temperature of 19-21º C, two resting adult Devils had an average breathing rate of 20 ± 2 breaths/minute, but at an ambient of 39-41º C for an ambiguously stated length of time, the rate went up to 144 ± 27 breaths/minute as the animal panted (Hulbert and Rose, 1972). Similarly, at an ambient temperature of 40 º C for six hours, one adult Devil’s respiration rate rose from about 116 breaths/min to a peak of about 250 in the second hour before returning to, and remaining at, about 127 (Robinson and Morrison, 1957). The increase in breathing rates in both experiments was presumably an effort to lower body temperature through evaporative cooling along the moist respiratory passages.

When the level of ambient O2 is experimentally halved, that is, reduced from just over 20 percent to 10 percent, the Devil’s breathing rate rises to about 55 from 20; the amount air inspired and expired at each breath, the tidal volume, falls only slightly from about 9 ml/kg to about 6 ml/kg, but the total ventilation nonetheless rises from about 100 ml/kg/min to about 330 ml/kg/min (Nicol, 1982: fig. 1). The only time the ambient oxygen is likely to be reduced is, say, at the end of its daily resting cycle and at the end of a deep shelter burrow, or when two mating Devils had spent several days at the end of a deep mating burrow.
When blood CO2 levels rise, Devils respond by increasing both their breathing rate and, most markedly, their tidal volume (Nicol, 1982: fig. 1). Such a situation would arise in the wild during strenuous activity or perhaps at the end of a burrow. 
Heart Rate and Output
Recorded heart rates also range widely. Minimum heart rates for two alert animals with body weights of 4.3 and 5.9 kg were 54 and 66 beats per minute, respectively (Kinnear and Brown, 1967). These figures fall well within the body weight dependent range for marsupials in general, which are well below the range for eutherians (Kinnear and Brown, 1967).

Observations (n = 20) on an unspecified number of animals with unspecified histories recorded heart rates that “often fell to about 50 beats per minute (Nicol, 1982).

 Experimental procedures may induce an elevated heart rate. For example, heart rate in three ether-anesthetised adults had a mean of 180 beats per minute (Parsons et al., 1970). And heart rate in five animals with elevated body temperatures and possibly slightly anaemic following a surgical procedure had a mean rate of 142 (± 30) beats per minute (n = 29; Nicol, 1982).
The Devil’s normal cardiac output is about 100 to 200 ml/kg/min. But when the ambient oxygen falls, cardiac output rises, to about 580 ml/kg/min in an atmosphere of 10 percent oxygen (Nicol, 1982: fig. 1).
Blood Pressure

In three ether-anaesthetised mature animals, aortic blood pressure averaged 94/42 mm Hg, and pulse pressure averaged 52 mm Hg (Parsons et al., 1970). In three sodium pentobarbitone – anaesthetised mature animals, femoral artery pressure ranged 120/85 – 125/95 mm Hg (Weiss and Richards, 1971). And in five intact and resting animals, systolic pressures averaged 131 ± 26 mm Hg and diastolic pressure 98 ± 23 mm Hg (28 observations; Nicol, 1982). The latter measurements, due to the alert and resting state of the animals, are probably the most indicative.
Blood Constituents 
Red Blood Cells

The red blood cell (RBC) count in Devils was 6.7 x 1012/l in one long-term captive (Bartels et al., 1966); averaged 6.5 x 1012/l in four captives (Isaacks et al., 1984); averaged 6.6 x 1012/l (± 0.2) in four other captives, and ranged 5.8 to 6.6 x 1012/l (mean = 6.3) in four individuals of unstated provenance but probably from captivity (Nicol, 1982). The normal RBC count in humans varies from 3.8 to 5.5 x 1012/l, with males having a higher count than females.
Devil red blood cells are biconcave discoids (Simmonds et al., 2011: fig. 1b). Mean “thickness” and “length” were 1.70 μm and 7.26 μm, respectively, in one long-term captive (Bartels et al., 1966). Mean diameter was 6.8 (± 0.29 sd) μm in 24 cells from an unstated number of captives (Benga et al., 1992). 
The mean RBC surface area was calculated as 101.3 μm2 in one long-term captive (Bartels et al., 1966).

The mean RBC volume was 70.1 μm3 in one long-term captive (Bartels et al., 1966); averaged 64.8 (± 1.0) μm3 in four captives (Isaacks et al., 1984); averaged 65.0 (± 1.1) μm3 in four other captives (Simmonds et al., 2011), and ranged 64 to 68 (mean = 65.5) μm3 in four individuals of unstated provenance (Nicol, 1982).
Devil RBCs are at the low end of the size range in marsupials (Benga et al., 1992), but the functional significance of red RBC size is not understood so no explanation to their small size is forthcoming.

The five reports of the Devil haematocrit range widely. In one long-term captive it was 47 percent (Bartels et al., 1966); in four captives it averaged 41.6 (± 2.2) percent (Isaacks et al., 1984), and in four long-term captives it averaged 42.5 (± 1.8) percent (Simmonds et al., 2011). In four individuals of unstated provenance it ranged 39.1 to 41.7 (mean = 40.8) percent (Nicol, 1982) and in an unspecified number of individuals of unstated provenance it ranged 39 to 49 (Munday, 1988: table 1). And in three freshly-caught individuals it ranged 28 to 38 (mean = 33.4) percent (Parsons et al., 1970). The overall range of 28 to 49 percent seems large for a group of healthy animals, and it encompasses almost the entire range for Australian marsupials (Munday, 1988: table 1).
Reported haemoglobin levels in Devils generally fall within a relatively narrow range. In one long-term captive Devil it was 20.1 g/dl (Bartels et al. 1966); in four captives it averaged 15.3 (± 0.7 sd) g/dl (Isaacks et al., 1984), and in four other captives it averaged 15.5 (± 0.5) g/dl (Simmonds et al., 2011). In four individuals of unstated provenance it ranged 13.8 to 15.0 (mean = 14.0) g/dl (Nicol, 1982) and in an unspecified number of animals of unstated provenance it ranged 13 to 18 (Munday, 1988). And in three freshly-caught, ether-anaesthetised adults it ranged l1 to 13 (mean = 12.2) g/dl (Parsons et al., 1970). In addition, haemoglobin values in four to six animals observed pre- and post exercise had average values of 12.0 (± 0.6) g/dl at pre-exercise rest, 13.3 (± 0.4) g/dl just after exercise, 13.5 (± 0.4) after10 minutes, 12.1 (± 0.3) g/dl after 30 min and 11.9 (± 0.3) min after 70 min (Nicol and Maskrey, 1986). The first value in this list (20.1g/dl) is high, but the other values are well within the range of other marsupials (Nicol, 1982; Munday, 1988: table 1).
The mean corpuscular haemoglobin in Devil RBCs was 30 pg in one long-term captive (Bartels et al., 1966); averaged 23.8 (± 0.6) pg in four captives (Isaacks et al., 1984); averaged 23.8 (± 0.3) pg in four other captives (Simmonds et al., 2011), and

ranged 22.3 to 24.1 (mean = 23.2) pg in four animals of unstated origin (Nicol, 1982).
The mean corpuscular haemoglobin concentration in Devil RBCs was 42.7 g/dl in one long-captive animal (Bartels et al., 1966); averaged 36.9 (± 0.6) g/dl in four captives (Isaacks et al., 1984); averaged 36.4 (± 0.47) g/dl in four other captives (Simmonds et al., 2011), and ranged 34.6 to 35.5 (mean = 35.2) g/dl in four individuals of unstated provenance (Nicol, 1982). 
Red blood cell ATP and its metabolites
Red blood cells use ATP as an energy source and as it is used and re-formed several intermediate metabolites are created. Some of these have been measured in the Devil (Isaacks et al., 1984), and all are within usual mammalian values.
Red blood cell electrolytes

Levels of calcium (0 m-equiv., N = 3), magnesium (4.7 m-equiv., N = 1) and phosphate (7.8-9.1 mg %, N =3) in RBCs are within the general mammalian range (Parsons et al., 1970; Parsons, Guiler and Heddle, 1971; Parsons and Guiler, 1972b).

Red blood cell membrane permeability
The permeability of the red blood cell membrane to water in Devils seems typical of most Australian marsupials, the variation that does exist being poorly understood (Benga et al., 1993).
Red blood cell sedimentation rate

The red blood cell sedimentation rate in a single lactating female was 18 mm/h (Parsons et al., 1970). In humans this value varies with age but in adults ranges about 12 to 23 mm/h.

White Blood Cells

The white blood cell (WBC) count for an ether-anesthetised lactating female was 15 x 109/ l (Parsons et al., 1970, reported as simply 15 000); for four captives it averaged 9.8 (± 1.2 sd) x 109/l (Issacks et al., 1984); for four other captives it averaged 7.0 (± 0.7) x 109/l (Simmonds et al., 2011); for nine captives from tumour disease-free areas it averaged 7.1 (± 1.9 sd) x 109/l (Kreiss et al., 2008), and for four captive and two wild individuals it averaged 8.2 (± 2.65 sd) x 109/l (Woods et al., 2007). In four animals of unstated origin it ranged 8.6-14.6 (mean = 12.2) x 109/l (Nicol, 1982) and in an unstated number of animals of unstated provenance it ranged 7.5 to 14.8 (Munday, 1988: table 2). And for six wild animals from tumour disease-free areas and 14 wild healthy Devils from areas with disease, the means were 16.6 (± 5.9 sd) and 10.1 (± 2.9 sd) x 109/l, respectively (Kreiss et al., 2008). These overall values are at the high end of the range for marsupials (Nicol, 1982; Munday, 1988: table 1), which may not be surprising in a scavenger that is not adverse to eating rotting flesh. 
There are two major groups of white cells or leucocytes: granulocytes (or polymorphonuclear leucocytes) and agranulocytes (or mononuclear leucocytes). 
In Devils, the number of granulocytes as a proportion of the total WBC count ranged from 73 to 76 (mean = 74) percent in three Devils (Parsons et al., 1970) and from 44 to 52 (mean = 48) percent in four others (Nicol, 1982). The reason for this large discrepancy between the two reports is unclear.
There are three types of granulocytes: basophils, eosinophils and neutrophils. In one study that involved two wild and four captive Devils the average number of basophils expressed as x 109 per litre (± SD) was: 0.05 (± 0.06) (Woods et al., 2007). And in another study of nine captive Devils, six wild Devils from facial tumour disease-free areas and 14 Devils from an area with the disease the means were: 0.2 (± 0.2), 0.3 (± 0.2) and 0.1 (± 0.1) (Kreiss et al., 2008).

For the eosinophils, the two studies found average values of: 0.10 (± 0.09), 0.05 (± 0.03), 0.05 (± 0.05) and 0.02 (± 0.01), respectively.
And for neutrophils: 4.04 (± 0.75), 3.4 (± 1.8), 12.6 (± 5.5) and 5.5 (± 1.9).

There are three types of agranulocytes: lymphocytes, monocytes and macrophages. 
For the lymphocytes, the two studies mentioned found average values of: 2.50 (± 2.12), 2.0 (± 1.2), 2.6 (± 1.5) and 3.0 (± 1.7).
For the monocytes: 0.87 (± 0.53), 1.1 (± 1.2), 0.7 (± 0.2) and 1.1 (± 0.4).

The macrophages were not counted in either study.
In Devils, the number of lymphocytes as a proportion of the total WBC count ranged from 20 to 27 (mean = 24) percent in three Devils (Parsons et al., 1970) and from 45 to 51 (mean = 48) percent in four others (Nicol, 1982). And the proportion of monocytes ranged 0 to 4 (mean = 2) percent and 2 to 6 (mean = 3.5) percent, respectively. The reason for the large discrepancy in the proportion of lymphocytes as between the two reports is unclear, as it was for the proportion of granulocytes (above).
A recent study that distinguished lymphocytes found that among a cell population consisting of granulocyte neutrophils and all agranulocytes, the percentage compositions (± SD, presumed as not stated in original) were: neutrophils 7 (± 5), T lymphocytes 55 (± 8), B lymphocytes 33 (± 8), natural killer-like cells 4 (± 1) and monocytes 5 (± 3) (Brown et al., 2010).
The counts of these white cells, which are an important component of the immune system are all well within the normal range for mammals.

There are two common types of lymphocytes, B cell and T cell, both of which can proliferate as part of the immune response. When challenged to proliferate experimentally, they do so competently, although the response time is variable among individuals (Woods et al., 2007; Kreiss et al., 2008; Stewart et al., 2008). The significance of this variable response is unclear. The less common natural killer cells also respond competently to foreign antigens (Brown et al., 2010).
Similarly, when the bacteria-destroying neutrophils were challenged in vitro, they performed competently (Kreiss et al., 2008).

Platelets

Platelets, or thrombocytes, are small cells involved in the clotting process in mammals. They averaged 218.0 (± 46.0) x 109/l in four captive Devils (Simmonds et al., 2011). This is almost the same average value as in humans (Simmonds et al., 2011).
Fibrinogen

Fibrinogen is a plasma soluble glycoprotein involved in the clotting process. It had an average value of 2.0 (± 0.0) g/l in four captive animals (Simmonds et al., 2011). In humans, the normal level ranges from 2.0 to 4.0 g/l.
Blood Serum Electrolytes

The resting levels of calcium (3.4-6.7 m-equiv., N = 4), chloride (100-102 m-equiv., N = 3), magnesium (1.8-2.4, N = 4), potassium (4.6-5.0 m.-equiv., N = 3) and sodium (135-142 m-equiv., N = 3) are within the normal mammal range (Parsons et al., 1970; Parsons, Guiler and Heddle, 1971; Parsons and Guiler, 1972b). Calcium, however, may be lower in lactating females, although the sample size was small (N = 1; Parsons et al., 1970; Parsons, Guiler and Heddle, 1971; oddly, the female’s value was mentioned specifically in the first reference but not in the second).

Blood Serum Enzymes

Levels of the enzyme acid phosphatase (actually a group of similar compounds) are very high in both the serum and tissues in adult Devils (Parsons et al., 1970; Parsons, Heddle and Guiler, 1971; Parsons, Guiler and Heddle, 1971; Parsons and Guiler, 1972a-b; Sallis et al., 1973; Sallis and Guiler, 1977; McKeag et al., 1981; Nicol, 1982; Sallis et al., 1984). Levels of blood total acid phosphatase, for example, can be two orders of magnitude higher (310-462 King Armstrong Units, N = 9) than in most other mammals. Devils share these high levels only with Dasyurus maculatus (Parsons and Guiler, 1972b: Sallis and Guiler, 1977; Parsons et al., 1982). It is unclear whether the high levels in the blood are due to high levels of release from an organ, which remains unidentified, or from low rates of clearance from the blood (J. Sallis, in Nicol, 1982). 
Plasma acid phosphatase levels seem to increase throughout the first two years of life, that is, the period when Devils are reaching maturity. This suggests that the enzyme levels may be responding to a change in diet (Sallis and Guiler, 1977), perhaps from milk to omnivory to meat.
The levels of alkaline phosphatase (2.0-18.0 King Armstrong units), amlymase (53-73 (Somogyi Units), lactic dehydrogenase (530-650 Wroblewski Units), glutamic pyruvic transaminase (13-25 International Units), glutamic oxaloacetic transaminase (59-70 I.U, N = 3 in all cases) in resting Devil serum are all well within the range of mammals in general (Parsons et al., 1970; Parsons, Guiler and Heddle, 1971; Parsons and Guiler, 1972b)
Blood Lipids

The blood levels of cholesterol (54-135 mg%, N = 5), phospholipids 110-174 mg%, N = 2), triglycerides (50-71 mg %, N = 4) and total lipids (399-442 mg%, N = 2) (Parsons et al., 1970; Parsons, Guiler and Heddle, 1971; Parsons and Guiler, 1972b) are all within the general range for mammals.

Blood Organics
The levels of blood glucose (102-252 mg %, N = 3), urea (53-104 mg %, N = 9) and uric acid (1.0-3.8 mg %, N = 3) and the levels of serum bilirubin (0.5 mg %, N = 1) are all within the normal range of mammals (Parsons et al., 1970; Parsons, Guiler and Heddle, 1971; Parsons and Guiler, 1972b).
Blood Serum Proteins

The levels of total protein (6.5 g%); pre-albumin (0) and albumin (3.5 g%), and the globulins alpha 1 (0 g%), alpha 2 (0.77 g%), beta (0.81 g%), gamma (1.45 g%, N = 1 in all cases) are within the range of normal mammalian values (Parsons, Guiler and Heddle, 1971; Parsons and Guiler, 1972b).

Blood Plasma Nucleotides, Nucleosides and Bases

A variety of plasma products of nucleic acid metabolism have been surveyed in the Devil and four other Australian marsupial species, but while the results are highly reproducible and differ among species, there is as yet no functional explanation for the differences (McKeag et al., 1981; Sallis et al., 1984).

Other Blood Constituents
The level of protein-bound iodine was 1.4-1.8 μg %) in two adult males and 16 μg %) in one lactating female (Parsons et al., 1970; Parsons, Guiler and Heddle, 1971). The male values are within the normal mammalian range, but the female is high and probably relates to the fact that she was lactating.
Blood Gases, pH  and Bohr Effect

The oxygen tension at which half the haemoglobin is saturated with oxygen, the P50, has been determined twice under the same conditions (37 C and pH 7.4) with similar results: 41.2 mm Hg and 44 mm Hg (Bartels et al., 1966 and Nicol, 1982, respectively). These values are well within the range of dasyurid marsupials (Hallam et al., 1995), but dasyurid values are high relative to other marsupials (Hoversland et al, 1973; Bland and Holland, 1977: fig. 1; Henty et al., 2007) and mammals in general (#). The value for a healthy human would be about 26.6 mm Hg under similar conditions. Dasyurids’ high P50 values are indicative of their blood’s low affinity for oxygen (as half of the bound oxygen is “given up” at oxygen pressures that are higher than in most other mammals). This has been interpreted as an adaptation to a high level of activity associated with predaceous (actively hunting) habits (Hallam et al., 1995). 
The partial pressure of oxygen, PO2, in awake, resting animals had a mean of 98.5 mm Hg (sd = 15; 44 observations on six animals) for arterial blood and 57.4 mm Hg (sd = 10; six observations on one animal) for venous blood (Nicol, 1982). In a single sedated but struggling animal, the PO2 had a mean of 60.7 mm Hg (sd = 73, six observations; data in Bartels et al., 1966). In a single animal under anaesthetic the value was a low 62 mm Hg for blood from a cardiac (arterial?) puncture (Parsons et al., 1971), suggesting an effect of the anaesthetic (Nicol, 1982). 
The partial pressure of carbon dioxide, PC02, in the same (above) awake, resting animals had a mean of 30.8 mm Hg (sd = 3.95) for arterial blood and 33.1 mm Hg (sd = 3.8) for venous blood (Nicol, 1982). In the single sedated but struggling animal as above the PCO2 had a mean of 42.5 mmHg (sd = 21.5, six observations; data in Bartels et al., 1966).  The animal under anaesthetic had a high of 39 mm Hg (Parsons, Guiler and Heddle, 1971).
The HCO3- content for the awake, resting animals had a mean of 19.3 mmol/l (sd = 2.2) for arterial blood and 21.1 (sd = 2.9) for venous blood (Nicol, 1982), whereas the animal under anaesthetic had a slightly lower value of 18 mmol/l (Parson, Guiler and Heddle, 1971).
The pH for the awake, the resting animals had a mean of 7.44 (sd = 0.04) for arterial blood and 7.44 (sd = 0.03) for venous blood (Nicol, 1982). The pH for the sedated but struggling animal had a mean of 7.43 for venous blood (sd = 0.23, data in Bartels et al., 1966). The animal under anesthetic had a slightly lower value of 7.29 (Parsons, Guiler and Heddle, 1971), suggesting that the procedure had caused a degree of acidosis (Nicol, 1982).
When the oxygen content in the ambient air is experimentally reduced from about 20 percent to about 10 percent, the PO2 in the venous blood falls slightly and while the PO2 of the arterial blood falls markedly to just above that of the venous partial pressure. This is natural enough as the amount of available oxygen is simply less. The PCO2 and pH in the arterial and venous blood drops and rises, respectively, however, due to the increased breathing rate and greater clearance of CO2 from the blood (Nicol, 1982: fig. 1).

There are two determinations of the effect of the blood pH on the P50, the Bohr effect, and both are very similar: ∆ log P02/∆pH = -0.47 and -0.44 (Bartels et al., 1966 and Isaacks et al., 1984, respectively). These two values are higher than the only other marsupial for which there is data, the Brush-tailed Possum, with a value of -0.60 (Henty et al., 2007). The lesser Bohr effect in the Devil may reflect its higher P50, which achieves a similar effect, unloading oxygen as needed, by a different means.

Blood Clotting
Observers experienced at taking blood samples from Devils and other marsupials have noted that Devil blood clots very rapidly (Parsons et al., 1970; Sallis et al., 1973). Perhaps rapid clotting facilitates wound closure in a species noted for intra-specific fighting, which can lead to severe wounding.
Digestion

Fed on rats, Devils digest between 77.9 and 79.9 (mean = 79.1) percent of their food’s dried weight and between 85.8 and 88.0 (mean = 87.2) percent of its energy content (Green and Eberhard, 1979). These digestion and energy efficiencies are in line with other carnivores.
Fat

Devils store fat most obviously in the tail (Mooney, 1992; Denholm, 2010), which gives it a carrot shape (Jones, 1994). When over-fed in captivity, fat accumulates on the neck, back and lower abdomen (Kelly, 1993). Very fat devils may also have a roll of fat just above the shoulder and another roll above the base of the tail (Sinn et al., 2010). All these areas would probably also be fat storage areas in wild Devils, should conditions ever be so good.
Dissection of Devils in good condition reveals large amounts fat stored just under the skin (Green, 1967; Parsons et al., 1970; Parsons et al., 1971; Guiler, 1992), where it can be 12 mm thick and around the viscera (Guiler, 1964; Green, 1967), where it can completely cover the intestine and kidneys (Green, 1967: plate 5).

The fat in the # is yellow in colour, while the fat in the neck and under the skin along the back is white (Parsons et al., 1970; Parsons et al., 1971).

The subcutaneous back fat lies just deep to the sub-peritoneal fat and runs from the neck to the rump with short extensions into the base of the limbs (Parsons et al., 1970).
There is no evidence in Devils of brown fat (Hayward and Lisson, 1992; Kabat et al., 2003), the type of fat that supplies the energy for non-shivering thermogenesis in eutherians.

There is limited evidence that Devils’ body condition varies seasonally. Males are said to show a decline in condition during the mating season (Pemberton, 1990: fig. 7.6; M. Jones unpublished data in Jones and Barmuta, 1998). And in pastoral areas, Devils are heaviest during spring, (September- October), due to the availability of lambs, which are born (and perish) at this time of year (Guiler, 1970a; Pemberton, 1990: fig. 7.6 for males). Tasmanian wildlife authorities apparently have survey data that would further address the question of seasonal fluctuation of body weight generally (Sinn et al., 2010), but as yet there is no published analysis.
Adrenal Function
The two adrenal glands appear to differ in size, the left being about 13 to 23 percent heavier than the right (data in Weiss and Richards, 1971). 
Fourteen different steroids have been found in the Devil’s adrenal venous blood. Ten have been identified, and the most common, by far, was cortisol. Two males and one female were used in the survey, which was carried out under anaesthetic and involved minor surgery, and levels were noticeably higher for two steroids, including cortisol, in males and for one steroid in females. Interestingly, of seven Australian marsupials (four herbivores, one herbivore/insectivore and two carnivores) surveyed for ACTH-induced cortisol secretion, the Devil had the highest level of all with no overlap at all with the other species (Weiss and Richards, 1971).

In wild Devils, males tend to have lower amounts of free corticoidsteroids than females. Adult males also show no significant seasonal differences, whereas adult females have rising values from mid-summer (January) to mid-autumn (April) when births occur, followed by the declining values to early winter (June) when the young are still in the pouch and then rising to mid-spring (October) when the young are just about to become independent, followed by a decline (Pemberton, 1990: figs 7.1 and 7.3).
When freshly caught and brought into captivity, wild Devils show increased levels of stress-associated corticoid steroid hormones. The levels return to what are perhaps normal resting values, however, after about 48 hours in males but not for about a month in females. Indeed, the levels remain significantly higher in females than in males for at least up to six months, the length of the experiment. It is unclear if the females in this experiment had prolonged higher levels due to their special circumstances (one female caged with one male) or to their apparently higher levels in general (above; Jones et al., 2005).
Lymphatic System
Anatomically, the Devil’s lymphatic system is similar to that of other mammals. There are lymph nodes and a spleen, and a thymus is clearly evident in juveniles and subadults as well as adults (Mackenzie, 1921). And histologically, there is nothing to indicate that the Devil’s lymphatic system is other than fully competent (Woods et al., 2007).

As an historical aside, before the immunological importance of the thymus was discovered, it was briefly considered to bear some inverse relationship with muscle development and regeneration (Mackenzie, 1921).

Immune Response
On the face of it, Devils would seem to have a very good immune system. Adults with massive open wounds on the head can be found tucking into the intestines of rotting carcasses looking none the worse for wear and, to judge from their extensive scarring, have probably survived as bad or worse in the past. The capacity to deal with wounds that would seemingly be prone to bacterial infection suggests that the Devil’s neutrophils, the white blood cells responsible for attacking microbial infections, are both numerically (above) and functionally normal. 
The Devil also seems fully able to produce antibodies to foreign proteins. For example, when injected with horse red blood cells, two adult Devils produced “high antibody titres,” which were boosted again following a second injection. Indeed, the response was two orders of magnitude greater than the response mounted by the New World Opposum in a similar experiment (Woods et al., 2007).

The Devil’s ability both to resist bacterial infection and to mount a robust reaction against an injection of foreign cells shows that its inability to combat its facial tumour disease (a foreign cell) is a failure of only one part of its immune response repertoire and not a general failure.
Sedation Drugs

A variety of drugs have been used to relax or anaesthetise Devils in zoo, laboratory and field work. Zoo veterinarians have used tiletamine-zolazepam (Smeller et al., 1977; Booth, 1994; Holz, 1992, 2002), but the degree of relaxation is variable and recovery times can be in excess of six hours (Holz, 1992, 2002). 
Lab researchers have used, variously, ether followed by sodium pentabarbitone (Guiler and Heddle, 1970; Weiss and Richards, 1971), sodium pentobarbitone alone (Parsons and Guiler, 1972b), and phencyclidine (Bartels et al., 1966). 
Field workers have used ketamine hydrochloride and xylazine hydrochloride (Munday, 1988; Pemberton and Gales, 1991). Recently zoo (Booth, 1994; Holz, 2002) and lab workers (Brown et al., 2010; Simmonds et al., 2011) have been using isoflurane (gas) anaesthesia.
Interestingly, in the case of phencyclidine, despite the “large” dose administered (3mg/kg injected intramuscularly), the drug failed to relax the Devil it was being used on (Bartels et al., 1966). The significance of this lack of response is unclear.

Genetics
Work on the Devil’s genetics began with the description of its karyotype in 1923 and most recently achieved the sequencing of its entire genome in 2010 and 2011.
Chromosomes

The normal Devil karyotype consists of 14 pairs of chromosomes, including an XY (males) or XX (females) sex pair (Greenwood, 1923: figs 22-25; Koller, 1936: figs 1b; Martin and Hayman, 1967; Sharman et al., 1990; Bostanci, 2005: fig.; Pearse and Swift, 2006: fig. 1; Connellan, 2006: fig. on p. 109; Pyecroft et al., 2007: fig 2; Quammen, 2008: fig. p. 1; Kreiss et al., 2010; Bender, 2010: fig. 23.2; Lachish et al., 2011).

A gene found only on the Y chromosome allows a molecular means of assessing sex from tissue as well as an external body part such as hair and even scats. The gene is isolated, its DNA amplified and then the amplified DNA run on gel for visualisation (Lachish et al., 2011).

There is little information on variation within the Devil karyotype, although a pericentric inversion, not seen in other dasyurids and hence probably derived within Devils, occurs as a common variant in pair 5 across much of the Devil’s range (AusVet, 2005; Pearse and Swift, 2006).  It was originally thought that this chromosome variant might play a role in the Devil’s facial tumour disease (Pearse et al., 2007; Pyecroft et al., 2007; possibly also Pearse in Denholm, 2007; see also Newsletter, September, 2011; below), but nothing further has been heard about this idea. In any event, should the chromosome become important, its study will be facilitated by the captive-bred production of an individual homozygous for it (Newsletter, December 2010, September 2011; STTDP website: Trowunna devils join Insurance Population, 19 August 2011). 
Devils have a dichotomy in the length of their telomeres, the structures at the end of the chromosomes. In each pair of chromosomes, one member has long telomeres and the other member has short telomeres. In the sex chromosome pair, the X, which is inherited from the mother, has the short telomeres and the Y, which is inherited from the father, has the long telomeres. This led researchers to infer that all the chromosomes with short telomeres may be inherited from the mother and all the chromosomes with long telomeres were from the father (Bender et al., 2009).

In terms of chromosomal abnormalities, two Devils that were “internally female” but with a “scrotal rudiment” in place of a pouch had XO karyotypes based on leucocyte culture (Sharman et al., 1990).

Genetic diversity
In 2004, an analysis of 11 polymorphic microsatellite loci in six populations from throughout much of the Devil’s range indicated that genetic diversity, as measured at each locus both by the mean number of alleles and the degree of heterozygosity, was low (Jones et al., 2004). 
This observation was re-enforced in 2007 when geneticists showed that the diversity in Devil’s major histocompatibility complex (MHC), that part of the genome involved in the recognition of self (mediated by Class I genes) and non-self (mediated by Class II genes) in the immune response, was indeed low (Siddle et al., 2007b). This low diversity has had serious consequences for the spread of the Devil’s facial tumour disease (below).

Sequencing of mitochondrial DNA in two Devils from the near extremes of the species range, the northwest and southeast, provided further evidence of the low genetic diversity in Devils. The two Devils showed 13 single nucleotide polymorphisms, or SNPs, which was second last in a comparison of the average number of SNP differences between pairs of individuals in other species, which ranged from a high of 85 in Bushmen humans (20 in European humans) to a low of 5 in the Thylacine (Gorilla at 92 is omitted here on the chance that it included two species). Interestingly, the two lowest ranking species, the Devil and the Thylacine, were the only marsupials in the comparison (Miller et al., 2011: fig 2c).
The Devil’s low genetic diversity was originally thought to have developed when the Tasmanian population went through a “bottleneck” when it was isolated by the rising waters of Bass Strait some 14 000 years ago (Jones et al., 2004; Lambeck and Chappell, 2001). One unsubstantiated estimate of the Devil’s population size at this time was 500 individuals (H. McCallum, in Pickerill, 2007). There were also suggestions that the Devil’s low genetic diversity might be due, at least in part, to one or more of the “lows” in the population fluctuations that may have occurred since European settlement (Jones et al., 2004; K. Belov, on ABC PM, 3 October 2007; p. #). 

Geneticists working on ancient DNA, however, have challenged this interpretation. Unpublished work on the DNA of Devil sub-fossils from the mainland (STTDP Website: Ancient remains, published 20 November 2008, modified 7 July 2010; ABC Science: Fossil DNA saving our species; 28 February 2011) apparently suggests that low genetic diversity was a feature of Devils even before their isolation on Tasmania (Adelaide Now, 12 May 2011).

Recent sequencing work, however, suggests there may have been some recent loss of genetic diversity. Mitochondrial DNA from seven recent individuals and six museum specimens collected between 1870 and 1910 (precise date within this period unknown) and 1994 confirmed that genetic diversity in Devils was relatively low. But it also showed that while six haplotypes were common to both recent and historical specimens, a seventh haplotype was present only in a historical specimen. Interestingly, the apparently “missing” haplotype was from what was either the oldest or second oldest specimen (1870-1910 vs 1908) (Miller et al., 2011), a period which includes one of the Devil’s reputed historic population lows.
Genetic substructuring

The early analysis of 11 microsatellite loci in six populations (above) provided the first evidence of genetic substructuring across the Devil’s range when it showed that the semi-isolated population in the northwest part of the range was different genetically from the five populations in the eastern part (Jones et al., 2004). 

A further insight into the genetic substructuring of the Devil appeared first in the media in March 2009 with a report that there were differences in certain SNPs, between western and eastern Devils (Hayden, 2009). It was not clear at the time whether these SNPs were in the mitochondrial or nuclear DNA. A few months later more results were released, again in the media. In an interview, one of the researchers said a survey of SNPs in the mitochondrial DNA of “almost 200” animals from across Tasmania had revealed five regional “groups” (haplotypes), one of which was the western population from which most of the facial tumour disease-free captive breeding population has been taken (below). This was the only group, apparently, in which there was no variation in the loci examined (V. Hayes, on ABC Catalyst, 18 June 2009). When the details of this work were published in June 2011, it became clear that analysis of 17 SNPs in 175 individuals returned the five extant “region-specific” groups and one “ancient” group of apparent unknown provenance (Miller et al., 2011: fig. 1a). The far northwest population showed no internal variation. The published work also included an analysis of 702 SNPs in the nuclear DNA which identified eastern, central and northwestern groups (Miller et al, 2011: fig. 3b). 
In early 2010, geneticists sequenced an 1180 base pair fragment of a mitochondrial gene and found that devils from throughout the range were similar except for the animals from near coastal areas of northwestern Tasmania (Murchison et al., 2010).

Immunological geneticists also contributed to an understanding of the genetic substructuring in Devils when in 2010, they showed that variation in the Class I segment of the MHC could be divided into two distinct nucleotide lineages, called group 1 and group 2. Most Devils and the Devil’s facial tumour cells have both groups, but some Devils in the northwest have only group 1 or group 2 (Devils from one central locality also have only group 1) (Siddle et al., 2010; see also Kreiss et al., 2011). This has implications for a potential immune response in wild Devils (below).

The precise geographical distributions of all these genetic markers have yet to be determined. But they clearly indicate geographical substructuring, and this has implications for any suggestion about translocating individuals for whatever reason.
Genome size

The Devil genome has about 3.63 pg (Martin and Hayman, 1967) of DNA or about 3.3 gigabases (total number of nucleotide base pairs; Miller et al., 2011). These are near average values for mammals.

Genome sequence
The rapid spread of the Devil’s facial tumour disease pushed it to the top of the waiting list for an entire nuclear genome sequence. Sequences from both healthy Devils and the tumour would allow comparison of the two and identification of ways in which the tumour differed. This would provide possible insight into how the tumour originated, how it is changing and what avenues means might be able to treat the tumour or prevent its spread to other Devils. 

Curiously, two groups undertook the sequencing effort independently of each other. The first group began in early 2007 (Bevilacqua, 2007; Steadman, 2007; Waterhouse, 2007) and was initially interested in “the genes involved with the devil tumour” (E. Murchison, in Bevilacqua, 2006a) and specifically in whether a virus might be causing the cancer (Bevilacqua, 2006a; Bevilacqua, 2007; Waterhouse, 2007). But media reports as early as November 2006 had also referred to the possibility of the work potentially leading to the Devil having “… its genome fully sequenced (Bevilacqua, 2006b),” a supposition unlikely to have originated with the journalist. And in early 2008, a delegation of Tasmanian politicians visiting the first group’s lab in the US was clearly told that sequencing the Devil’s genome was the goal (Science Daily, 28 January 2008).  If this group was actually sequencing the genome at the end of 2007, however, it seems to have been unknown to one of the principles involved in the second group, because she was reported in November 2007 as looking for someone to sequence the Devil’s genome (see also below). Indeed, even as late as 2010 in a review of marsupial genetics and genomics, this first group was not listed as the one sequencing the Devil’s genome (Papenfuss et al., 2010: table 6.1; Marshall-Graves, 2010b). In any event, the first group actually began sequencing the Devil’s genome, as represented by one individual, in about September 2009 (Darcé, 2010), finished it about a year later (Darcé, 2010) and announced their results at a genetics conference in Hobart in September 2010 (Anonymous, 2010b; Darby, 2010; Pennisi, 2010). But the group has yet to publish the results. And whether STTDP funding assisted this group is as yet unclear.
The second group seemed to have had a specific mandate for the sequencing work, as a Save the Tasmanian Devil Program Genetics Workshop held in Hobart in November 2007 agreed that this group would begin work sequencing “… the complete genome using new generation sequencing technology (Newsletter, March 2008).” The 2010 review of marsupial genetics and genomics also listed this group as the only one involved in sequencing the Devil’s genome (Papenfuss et al., 2010: table 6.1; Marshall-Graves, 2010b). The group began work at the end of 2007 or the beginning of 2008 in some accounts (Hayden, 2009; ABC Catalyst, 18 June 2009) or in “late 2008” in others (Darcé, 2010; ABC News, 11 November 2008), receiving what appeared to be its major funding in August 2008 (Gordon and Betty Moore Foundation). The group finished sequencing two devils and a tumour from one in about July 2010 (Darcé, 2010), submitted their results for publication in February 2011 and saw them published in June 2011 (Miller et al., 2011). This group had no funding from the STTDP.
The second group bridled at the first group’s “publication” prior to peer review, but researchers in the two competing human genome projects in the late 1990s had already established the precedent, at least in genomic work, for announcing results prior to publication  (Pennisi, 2010).

In any event, the ability to sequence the complete genome within a relatively short time, two months at the moment, makes it possible to compare genomes from different animals on a nucleotide by nucleotide basis for possible relevance to population variability, sub-structuring and disease resistance (V. Haynes on ABC Catalyst, 18 June 2009; Pennisi, 2010).
Interactions with Humans

Aborigines

Tasmanian aborigines apparently called the Devil, “purinina” (Booth, 2007) or “tardebar’ (Mooney, 1992). And they had explanations for at least two aspects of its biology. They thought that the Devil got its pattern when, through greed, “it tried to catch animals in a bush fire and got burnt, rolling over and over in the soot (Mooney, 1992).” And it got its red ears because it “… is so bad tempered (presumably from the fire) that the other bush animals are constantly talking about it (Mooney, 1992).”
Whether Aborigines ate Devils is controversial. Some writers say they did (Guiler, 1992); others infer they did not (Noetling, 1910; Hall and Jones, 1990). The controversy may stem from regional differences both in the abundance of Devils and the “tastes” of the local people. On the mainland, Devil remains are sometimes found in middens, suggesting they were eaten by at least some Aborigines (Kershaw, 1912; Mahony, 1912; Gill, 1953). 
The discovery of a single Devil tooth necklace found on an Aboriginal at a burial site in southwestern New South Wales raises questions about the aesthetic and symbolic significance of Devils to Aboriginals. The necklace was found around the neck of a rather tall male skeleton in a shallow grave, dated at about 7140 years (Pardoe, 1995). The necklace, which would have reached the pelvis of the wearer, contained 178 teeth, all canines (uppers and lowers), representing a minimum of 47 animals. Considerable effort had gone into making the necklace, because each tooth had to be pierced through the root in order to be strung on the necklace (Macintosh et al., 1970; Macintosh, 1971: plate 2; Flood, 1983: plate 6). The necklace is unique both as an ornament and as an example of Aboriginal people piercing teeth for any purpose. That such an object exists so fully developed and without precedent makes it truly astonishing.
The original describer of the necklace devoted considerable analysis and thought to the necklace and developed some interesting ideas about it. Careful analysis led to the conclusion that the individual teeth were of different ages and showed different styles of workmanship among themselves. This suggested that the necklace might have been in existence for several human generations and was important to those generations, perhaps as a symbol of a totem being. But the fact that the necklace was also finally “laid to rest,” as it were, suggests that its original relevance may have declined to such an extent that it could be “retired.” And the reason for its loss of relevance, may have been the decline of the Devil in this part of the mainland, as part of its general decline, and hence its loss of meaning to the local inhabitants.  If the Devil did have totemic importance, however, it may have been very local. This might account for the uniqueness of the necklace.
Aboriginal people in northern Australia also depicted the Devil in rock paintings (Lewis, 1988: figs 1-2; see also Calaby and Lewis, 1977: figs 1-2 and McCarthy, 1976: fig. 1). The clearest painting has been dated stylistically at between 6000 and 9000 years (Lewis, 1988).
Settlers

The early settlers seem to have had only one direct economic use for Devils. They used the animals’ body fat (p. #) as a leather preservative (Guiler, 1992). The convicts ate Devils, which were reported to taste not unlike veal (Harris, 1808), but Devils never became a staple in the settler diet. A trapper active on the remote west coast in the mid-1930s reported that Devils tasted like wallaby (S.L. Larnach, in Macintosh, 1971).
Early trappers had no interest in Devil fur. They were more interested in wallabies and possums. In fact, trappers came to hate Devils, because they ate the animals in their wire snares and would even chew through the snares if they got caught themselves (Fleay, 1952; Green, 1967). In fact, Devils can even chew through cyclone mesh fencing (Guiler, 1992: fig. 39). Trappers even used to set auxiliary traps just to control the Devil population in areas where they were snaring other mammals (Guiler, 1982). There is a newspaper story about one old female Devil that was snared wearing six earlier snares (L.D. Connell, in D. Macdonald, 1927).
Early farmers and graziers also hated Devils, because they believed the animals destroyed stock. In 1930, the Van Diemen’s Land Company even put a bounty on Devils on their properties in the northwest part of the state. The price was, in today’s money, about 25 cents (2/6d) for males and 35 cents (3/6d) for females (Mooney, 1992; Parks and Wildlife Service Tasmania, 2009). It is true that Devils occasionally take a newborn lamb or incapacitated sheep. But they are unable to catch and kill a healthy sheep. In fact, in scavenging dead stock, Devils keep the paddocks clean and parasites like sheep tapeworm and blowflies in check (Guiler, 1992). This “cleaning service” is increasingly appreciated by a new generation of people on the land (Jones, 1994).  For example, the manager of a property in northwest Tasmania has said that Devils help maintain “farm hygiene” (STTDP Website: North-west Devils continue to thrive; 21 June 2010).
Devils have always occurred, sometimes commonly, around the edges of cities and towns (Guiler, 1970, 1983a; Jones, 1994, 1995, 2008; STTDP Website; Nick Mooney’s Devil tales – it’s ‘all creatures great and small’ gone wild; 25 February 2011), although their nocturnal habits mean they are not often seen. In rural areas, Devils occasionally take up residence under houses where they can be noisy (N. Mooney, in Wood, 2003b; Owen and Pemberton, 2005).
Devils with little familiarity with people are usually fearful and hence docile and easy to handle. But with increasing familiarity, some become bolder and more aggressive and difficult to handle (Sinn et al., 2010). This may explain why some captive Devils are aggressive with their keepers (#).
Sometimes even naïve wild Devils, both young and old, can be immediately aggressive toward humans. But usually a Devil acts this way because it has been trapped or chased. When two wildlife volunteers released a newly weaned Devil from a trap, it chased the pair so aggressively that they had to retreat to their car (Owen and Pemberton, 2005). And when two wildlife officers wondered whether a Devil was fast enough to chase down prey, they released one and chased it, only to have the animal suddenly stop, turn and hiss at the pursuer (Owen and Pemberton, 2005). 
Devils occasionally nip their handlers (#), but there are no reports of serious injuries. Whether this is due to good luck, or indicative of the degree of the Devils’ “intent” is unclear.  
When a captive Devil bit a five-year old boy on the finger, the finger became infected with the bacterium Paseturella multocida, a common infectious agent in animal bites. The infection was readily controlled with antibiotics (Georghiou et al., 1992).
Humans seem to have taken a new interest in Devils since their facial tumour disease took hold and started diminishing their numbers. Visitors now go to see Devils in zoos and in the wild, where they can be attracted to staked-out road kills (Mooney, 1992).
Devil Facial Tumour Disease
In 1994, a Devil researcher wrote that “despite being quite rare earlier this century, numbers of Devils have been steadily increasing for the last 30 years and their status is considered to be secure” (Jones, 1994). And even in the fateful year of 1996 she could write that of all Tasmania’s living carnivores “only the Devils seems secure at the moment” (Jones, 1996). But in October 2006, this same researcher had come to believe that “almost every devil in Tasmania is going to die within a year of reaching adulthood of this disease. And that’s – stunning (ABC Catalyst, 19 October 2006).” 
First Evidence of DFTD 
The first well-documented evidence of the existence of Devil Facial Tumour Disease (DFTD) was in 1996 when Christo Baars, a Dutch wildlife photographer visiting Mt William National Park, took pictures of several Devils with large lumpy, red growths on their mouths feeding on a set carcass (Hawkins et al., 2006).
It is unlikely that the discovery of the disease was contemporaneous with its origin. Instead, it probably started sometime before 1996. But just how much earlier is hard to say. A wildlife researcher thinks he may have seen an animal with a facial tumour in 1984 at Mt William, where the disease was first documented (D. Pemberton, in Owen and Pemberton, 2005). 

Even more intriguingly, a zoology curator at the Tasmanian Museum and Art Gallery believes she saw deformities in three skulls housed in European museums in 2004 that were similar to the deformities caused by DFTD (K. Medlock, on ABC, Stateline Tasmania, 10 September 2004; K. Medlock, in Owen and Pemberton, 2005). If the skulls were from wild specimens, it could have important implications for the origin of DFTD. It has to be said, however, that all the skulls of Devils in Australian museums have been examined for other purposes by those familiar with DFTD, and no evidence of disease similar to DFTD has been reported in them. 
Furthermore, none of the six biologists who trapped more than 2000 Devils between 1964 and 1995 can recall seeing anything like the tumour disease in their time (STTSP Website: The Disease; accessed 17 June 2010).

The existence of the disease was first made public in a news story in March 2003 (Mooney, 2003a; Wood, 2003a), more than six years after it was first noticed.

Tumour Characteristics
The Devil’s facial tumours are usually described as occurring on the head, inside of the mouth and the neck (Hawkins et al., 2006; Lachish et al., 2007; Bender, 2010). But the neck only seems to be involved as a tumour on the head grows into the neck. The tumours first appear as small firm pink nodules and then grow steadily and rarely, if ever, stop growing or regress (Hawkins et al., 2006; Lachish et al., 2007). The tumours are “distinctive and readily identifiable in the field (Lachish et al., 2010a).”  The tumours can appear quickly. One devil with a single lesion had four more after just eight days (C. Hamsen, in Darby 2011).
There are only two reports, both vague, of a tumour getting smaller. One involved an a wild animal in which the tumour was recorded as having become  smaller between captures but then later resumed growing (Newsletter, August 2007). And the other involved an unspecified number of animals injected with live cells either from an active tumour or from tissue culture (the report did not say which) subsequent to which there was “… some degree of resorption and redevelopment … (Pyecroft, 2007).”  There has been no further information on any other cases of apparent tumour regression, even temporarily.
As the tumours grow, they become flaky and friable such that, in time, pieces come off easily. They start to ulcerate, become infected with bacteria and suppurate. Needless to say, the tumours “stink” (M. Jones, in Parer and Parer-Cook, 2004).  In their advanced stages, the tumours can push teeth out; erode bone such that the jaw might break off, and grow over and into the eye socket. The primary tumours can impair and ultimately curtail the ability to eat, drink, breath and see. A single tumour can reach a diameter of 12-14 cm before an animal dies (Hawkins et al., 2006; M. Jones, ABC Catalyst, 19 October 2006; M. Jones, on ABC Science Show, 21 April 2007).

An individual Devil can have between one and four primary tumours (Hawkins et al., 2006; M. Jones, on ABC Science Show, 21 April 2007). Indeed, multiple tumours are more common than single tumours. In one study, 68 percent of 85 infected animals had more than one primary tumour (Loh et al., 2006). 

The primary tumours often metastasize, presumably through the blood and lymphatic systems, to form secondary tumours in the lymph nodes and other internal organs where they can eventually impair the organ’s function (Loh et al., 2006; Bender, 2010: fig. 23.1). One popular account put the total number of tumours in one animal as high as 50 (Wood, 2003d; see also M. Jones, in Wood, 2003a), most of these would have been secondaries. It is also clear from the unpublished inoculation experiments on one Devil, “Cedric” (below), that metastases can be released at a very early stage in the growth of the primary tumour and a metastasis can possibly take up to 18 months to noticeably affect the health of an animal. 

Tumour Cytogenetics
A signature feature of facial tumour cells is a distorted chromosome complement.  Devils normally have 14 chromosomes including an XX in females and an XY in males. Facial tumour cells, however, have only 13 chromosomes, only some of which can be related to the normal chromosomes. Chromosome pair 2, one member of chromosome 6, and the sex chromosomes appear to be missing; chromosome 1 has the long arm deleted, and four unpaired chromosomes of uncertain provenance are present (DPIWE, 2005a: fig. 1; Pearse and Swift, 2006: fig.1; Swift, 2007; see Kreiss et al., 2010 for a slightly different interpretation of some of the reputed homologies).

In February 2007, a research team reported they were trying to determine the details of how the normal Devil karyotype had been repartitioned in the cancer karyotype and whether the re-arranged karyotype might have contributed to the onset of the disease (Bender et al., 2007; ABC Tasmania, 14 June 2007; Science Alert, ANU, 29 July 2007; Marshall Graves, 2010a). But as yet, this research has not been published. 
When researchers found the pericentric inversion in chromosome five as a variation of the apparently normal Devil karyotype (p. #), they thought it might bear some relationship to the disease (AusVet, 2005; possibly Pearse, in Denholm, 2007; Pearse et al., 2007; Pyecroft et al., 2007; AMMRF News 2010; STTDP website: Trowunna devils join Insurance Population, 19 August 2011). But the current state of this hypothesis is unclear.
As the chromosome work proceeded, researchers discovered there was more than one chromosomal “strain” or “sub-clone” of the disease. The number of different strains was reported as four in early 2007 (McGlashan et al., 2007), nine in mid-2008 (ABC News, 25 July 2008; Mather, 2008; Newsletter, September, December 2008, March, June 2009), “up to12” in early July 2008 (PHVA, 2008); 13 in mid-2009 (Newsletters: September, December 2009; March, June 2010; DPIPWE, 2010) and “multiple” at the end of 2011 (STDP Annual Report 2010/11). In early 2010, however, the number had fallen to nine (Woods and Sharman, 2010), and in 2011, it was reported as “at least 8 (Hamede et al., 2011).”
The strains appear to represent subtle differences in the already highly altered karyotype (STTDP website. New strains of DFTD emerging; published 15 August 2008; revised 4 August 2011), but few details are available. Two scientific publications mentioned that one strain is a near triploid and the other a near tetraploid (Kreiss et al., 2010; Mills 2011). And one researcher commented that “some new strains of the tumour … look very nasty (J. Marshall Graves, ANUchannel video, 29 March 2010),” whatever that may mean. 
There are the barest indications that the strains have a geographic association, as a media account mentioned that strain 2 was widespread and known in “the general vicinity of Trowunna (Anonymous, 2006b).”

New chromosome strains are not only apparently appearing within populations, they also appear to arising within a single cancer cell line within a single individual. As early as 2005, it was observed that “in a small number of affected devils which have survived for a period with the disease … further chromosomal transformations have occurred (DPIWE, 2005a).” It appears as if as many as three strains can occur in a single tumour (Kreiss et al., 2010). But, again, there is no further information on these intra-individual strains.
It is unclear whether the strains differ in their virulence. The only indication to date is a media report that mentioned that one particular animal from a new location for the disease “… had a strain of the disease that was less deadly than in other areas (Mounster, 2011).”

As well as producing new strains, the tumour is also changing in other ways. The STTDP’s science manager has said “Every time the cell divides, it becomes really clunky, so the cancer is growing more slowly (C. Boland in Darby, 2007).” But no details have been published as yet. 

Somatic cell lines are subject to mutation and presumably both the chromosomal mutations and the yet to be explored point mutations are evidence of this process (Miller et al., 2011). It also seems likely that the mutation rates in the Devil’s tumour cell lines are higher than in healthy somatic cell lines (Miller et al., 2011), although this possibility has yet to be explored.
Tumour Cytology 
Initial examination of facial tumour cells gave no clue as to their origin, because the cells are not only dedifferentiated (anaplastic), they can also assume a variety of new forms (pleomorphic) (Pycroft et al., 2007).
In 2004, veterinary pathologists determined that the tumour was likely to have had its origin in one cell type (Darby, 2005; DPIWE, 2005a; Loh et al., 2005; Loh et al., 2006a). And using histochemical techniques, they soon discovered that cell type was most likely of neural crest origin, perhaps of neuroectoderm origin and possibly even of neuroendocrine origin (DPIWE, 2005a-b; Loh et al., 2006b, 2007; Pycroft et al., 2007).
In 2010, however, genetic analysis followed by gene product analysis indicated that the original cell was a Schwann cell or, perhaps more likely, a Schwann cell precursor cell. Schwann cells sheath the nerve fibres in the peripheral, but not the central, nervous system and are derived embryologically from the neuroectoderm. The researchers, however, could not categorically exclude the possibility that the tumour might have elements of both Schwann cell and neuroendocrine cell tissue types (Murchison et al., 2010).

Tumour cell lines are now maintained in culture (Brown et al., 2010), facilitating research on them.
Is the Tumour Evolving?

The increasing number of chromosomal strains of the Devil’s facial tumour suggest it is evolving (p. #). But there are no details, as yet, about how the strains differ, their geographic distribution, their evolutionary history or their possible effect on the disease.

It is unclear how the disease might evolve. In 2008, researchers working on the genetics and spread of the disease offered three possible scenarios for the evolution of the cancer. It could become more aggressive and unstable and drive itself to extinction. Or it could evolve to become less aggressive and grow more slowly. Or it could evolve immune evasion strategies and extend to possibly currently resistant Devils or even to other species, most likely, the Devil’s two closest relatives in Tasmania, the two quolls (PHVA, 2008). In general, however, there should be intense selection on the Devil to develop resistance to the disease. And there should be intense selection on the tumour to become less virulent (Hamede et al., 2011).
Thinking about the possible evolution of the tumour in the context of the tumour’s competition for resources, that is, uninfected Devils, then two trends might be expected. First, the latency period might shorten so that a tumour might attain the infectious state sooner. Presumably, the latency period is limited by the rate of cell division. In this context, it would be interesting to have more information on the variation in the latency period in order to determine how much scope there is for the latency period to shorten. Second, the virulence of the tumour might diminish so that a tumour might “live longer” and hence have more chance to spread. This possibility makes it important to gather information on the variability in the growth of infectious tumours and the longevity of Devils with different size classes of tumours.

What Caused the Disease?

In all likelihood, the Devil’s facial tumour had its origin as a single mutation in a single cell in a single Devil (McCallum et al., 2007). Parenthetically, that original or “index” Devil was probably a female according to a recent unsupported assertion (E. Murchison, Guardian video: Fighting contagious cancer, 29 September 2011; Darby, 2011). But what caused that mutation is unknown and, as a unique historical event, is likely to remain unknown (Bender, 2010; O’Neill, 2010; Jones and McCallum, 2011). Nonetheless, there have been several suggestions as to its cause, and in each case, the suggested causal factor has been examined in Devils either for a simple presence or absence, or an unusually high concentration.

An early suggestion was that a virus might cause the cancer (Jones, 2003; Ladds et al., 2003; McManus, 2003; Harington et al., 2006; McGlashan et al., 2006), as they are known to cause other types of cancer. An early news report said that a preliminary study had found DNA from retrovirus in a healthy Devil’s genome (Bevilacqua, 10 December 2006, 2007), but embedded virus are not unusual and most are thought to have little effect. In any event, nothing further seems to have come from this initial report. In addition, attempts to find virus particles in tumour tissue or fluid derived from those tissues have been unsuccessful (DPIWE, 2005a; A. Hyatt, in Loh et al., 2006; Pyecroft et al., 2007) and the idea of a viral origin has now been put to one side. 

Poisons and pollutants were also suggested (Denholm, 2006b). The omnivorous Devil would contact these agents through feeding, explaining why the tumour apparently first appeared on the face, muzzle and oral cavity (Harington et al., 2006; McGlashan et al., 2006; Obendorf and McGlashan, 2008).

As to poisons, strychnine was widely used between the 1860s and 1950 to control both native and exotic species (Mooney, 1992; Obendorf and McGlashan, 2008); it was even used as late as 1964 (Green, 1967). The substance was banded long ago, but it is unknown how much “old stock” might have been retained and used. Strychnine is unlikely to be relevant to DFDT, however, because although a potent poison, it is not mutagenic. Parenthetically, Devils feeding on strychnine-laced baits rarely died close enough to the baited carcass to be found, suggesting the poison took long enough to work to allow a Devil to move off some distance (Green, 1967).

Sodium monofluoroacetate (1080) took over from strychnine in 1952 (Obendorf and McGlashan, 2008). Devils, however, are fairly resistant to this naturally occurring plant compound, as measured directly by their tolerance levels and indirectly by their increase in population coincident with its introduction and use (data from RSPCA, cited in DPIPWE 2010; see also Ross, 2008). In addition, there seems to be no suggestion that 1080 is mutagenic.

Organochlorines, of which DDT is the best-known example, were widely used to control insect pests up until the 1970s, and although no longer used today, some of the breakdown products, such as DDE, are long lasting in the environment. Organochlorines have a number of detrimental biological effects, but they are not generally recognised as mutagens. A survey of Tasmanian wildlife in 1975-1977 found organochlorine residues in Devils to be usually ≤ 0.01 mg/kg. But one of nine Devils had DDE residues of 0.50 mg/kg and another had 0.10 mg/kg. Both animals were from nearby localities in the central highlands (Bloom et al., 1979: figs 2-3, table 2). In a survey in 2003-2007, one of 32 animals had a level of 0.47 mg/kg and another 0.8 mg/kg (Ross, 2008). The relevance, if any, of the few animals with higher values is unclear, but it is interesting to note the only slight drop in maximum values over an interval of 26 years, during most of which organochlorins were no longer used.

The organophosphate insecticide mevinphos was used illegally between 1991 and 1998 to poison Devils directly before being withdrawn from sale (McGlashan et al., 2006; Obendorf and McGlashan, 2008). Mevinphos, like other organophosphates, is a mutagen and disrupter of chromosomes (Obendorf and McGlashan, 2008). Organophosphates biodegrade fairly quickly in the environment, but this would not be relevant were a single unlucky Devil to come into contact with a still-active compound.

As to pollutants, a variety of industrial chemicals and their breakdown products have been considered. Devils scavenge in rubbish tips, or at least they used to, before they were “tidied up” and more rigorously controlled, and rubbish tips are, or at least were up until recently, the biggest cumulative single terrestrial sink for the by- and end-products of modern industrial society.

Several industrial pollutants have been analysed in both diseased and healthy Devils, and none occur in concentrations currently thought to be important. But most of the standards for mammals are based on placentals, not marsupials, so there remains the possibility that the latter react differently (Ross, 2008).

Doxins are a widespread and long lasting class of pollutants that are stored cumulatively in fat and become more concentrated in animals higher in the food chain. They disrupt reproduction and development in vertebrates, but they are not carcinogenic. The dioxin levels in Devils, which are of course at the top of their food chain, were well within the designated safe standards for vertebrates and showed no differences between healthy and stricken animals (Ross, 2008).

Organobromide chemicals were, and some continued to be, widely used in flame retardant materials, especially plastics and textiles. They are many different varieties and some a known to be toxic and others carcinogenic.

Two classes of organobromides have been examined in Devils, polybrominated biphenyls (Vetter et al., 2008) and polybromianted diphenyl ethers (Moore, 2008; Ross, 2008). Both classes of materials occur in many varieties, disperse widely, bioaccumulate (mainly in lipids) and have debilitating effects on development and physiology of animals. Some forms of each class of materials are known, or suspected, to be carcinogenic at least in some animals.

The use of polybrominated biphenyls (PBBs) has been regulated in western countries since the 1970s. They were never manufactured in Australia, but they would have entered the country embedded in imported products. Total PBB levels, of which PBB 153 comprised the major part in each Devil, ranged 340-0600 pg/g lipids in eight healthy and eight diseased Devils. There was no significant difference in mean levels between the two groups; indeed the two Devils with the highest (by far) levels were both healthy. These overall levels are well below internationally recognised thresholds for toxic effects (Ross, 2008; Vetter et al., 2008). This reassuring outcome aside, the results raise two other interesting issues. First, it is surprising that levels in Devils are so high considering PBBs were never manufactured in Australia. This raises the question of where the PBBs have come from and what the levels may be in other Australian species and in humans. And second, the results for individual Devils range over two orders of magnitude. This raises the question of why some Devils have such high levels. What might they have gotten into?

Total polybrominated diphenyl ethers (PBDEs) ranged 570-54800 pg/g lipids in the same Devils mentioned above. There was no significant difference in mean levels between the two groups; indeed the highest value (by far) was from a healthy Devil. These overall levers are well below internationally recognised thresholds for toxic effects (Ross, 2008; Vetter et al., 2008).

Four chemical elements that usually only occur in low concentrations in nature but that can be concentrated to high levels through human activity have also been examined in Devils: arsenic, cadmium, lead and mercury.  Arsenic and cadmium are carcinogens; mercury is a possible carcinogen in some compounds, but lead is unlikely to be so. In the case of arsenic, some Devils had levels that would be considered high in dogs, another carnivore albeit a placental one, and the difference between healthy and diseased Devils just failed to reach significance (P < 0.07) (Ross, 2008). The other three elements, however, were within ranges thought not to be important from studies in humans and other animals. There was also no significant difference between healthy and diseased Devils (Ross, 2008). 

Knowing how the facial tumour got its one-off start would be interesting. But even if we knew, it would be unlikely to lead to any practical conservation measure.

The Role of Humans

Although the cause of the initial mutation will probably never be known, it is clear that many humans thought we had a role, otherwise, there would not have been speculation about so many possible causal factors that are human creations. Indeed, the temporal link between the origin of the disease and the peak of free-dumping of toxic and mutagenic bi-products of western industrial consumer society is simply impossible to put out of mind. At the very least, the alternative way of looking at the disease’s origin, as a mutation that would have occurred anyway, even in the total absence of humans, seems less plausible.

Assuming a human cause has two consequences. First, it may be a taste of things to come, as an increasing number of novel chemicals or concentrations of existing chemical pile up. And second, it means humans have a responsibility to “do something” to try to reverse the disease. Were the disease to be caused by a mutation totally unrelated to human existence, then it would be logical and indeed imperative to do nothing but let nature take its course – if indeed you still believe in nature as a constantly evolving entity and not simply a living museum. 

Tumour Transmission

The two cytogeneticists who discovered that the tumour cells had a highly altered chromosome complement also noticed that while the karyotype of the tumour cells always had two similar pair five chromosomes, it obviously differed from the constitutional karyotype of one infected animal that had a pericentric inversion in pair five. 

This led the researchers to propose that the tumour did not arise anew within the cells of newly affected Devils but was apparently a cell line that started in one Devil and was transmitted to other Devils, probably through biting. Instead of being rejected as “non-self” by the bitten Devils’ immune system, the tumour cells were somehow accepted as “self” and allowed to grow uncontrolled. 
In other words, although the transmitted cells are actually a graft from another individual (an allograft), they are accepted as if they were a graft, say of skin, from one part of an individual’s body to another part of that individual’s body (an autograft). But why the graft is accepted rather than rejected was unclear. This understanding of the tumour and its transmission came to be known as the allograft theory (Pearse and Swift, 2006; see also Anonymous, 2006a).
This research was published in a one page article and remains one of the most elegant pieces of research and inferential thinking to come out of the entire effort to understand the disease. And it helped re-direct thinking about the cause of the disease. Almost overnight, for example, it put paid to the theory that the disease was caused by a virus.
Support for the allograft theory was soon forthcoming from two areas, immunology and genetics. In 2007, immunologists reported that when lymphocytes from two healthy Devils were combined, they failed to stimulate each other to proliferate as might be expected. This result was consistent with the allograft theory’s basic inference that the Devil’s immune system could not recognise cells from another Devil as foreign (Woods et al., 2007; also G. Woods, pers. comm. in Pearse and Swift, 2006). This result was soon shown to be wrong (p. #) and as such became irrelevant to the allograft theory.
About the same time, geneticists genotyped four polymorphic microsatellite loci and major histocompatibility complex loci found that the genotypes at these loci were identical in all the tumours examined (indicating one source) but different from most of the hosts, which also differed among themselves somewhat (Siddle et al., 2007b). Subsequently, other geneticists working with 14 microsatellite loci got the same result (Murchison et al., 2010).
The primary tumours of the head are friable and pieces dislodge easily. And swabs from animals with external tumours weeping into the mouth or tumours in the mouth itself “… show high levels of free floating tumour cells in the saliva … (Wells, 2010). Hence it is easy to understand how, when Devils bite each other in fighting or mating, small pieces of tumour might break off and become inserted into the sub-dermal (skin) or sub-epithelial (mouth) tissue at the wound site (Pearse and Swift, 2006; McGlashan et al. 2007). Wounds inflicted by the long canines seem especially likely to embed tumour cells into another animal (#).
An apparently unpublished study showed that the canines were the “only teeth anatomically capable of creating deep penetrating wounds into the soft tissue of another Devil (Obendorf et al., submitted, as cited in Obendorf and McGlashan, 2008, italics in original).”
An experiment to test the direct transmission from a diseased Devil to a healthy one began sometime prior to July 2006 (Sunday Tasmanian, 23 July 2006; see also Harington et al., 2006; McCallum and Jones, 2006; McGlashan et al. 2007; Pyecroft et al., 2007).  It involved injecting 16 healthy captive Devils with tumour “cells derived from cultured cell lines and natural tumours,” which then grew into tumours in the test animals (Pyecroft et al., 2007; Hamede et al., 2008; Obendorf and McGlashan, 2008). To date, these results have not been published. In fact, in April 2008 the STTDP’s Biosecurity Guidelines said that “… the actual method of transmission from one animal to another is not confirmed … (DPIW, 2008).” Nonetheless, the results are quoted in reviews as recent as 2010 (Bender, 2010).
The only other insight as to mode of transmission involved the incidental observations that when Devils have been injected with live tumour cells to see if they would develop antibodies, tumours developed at the injection sites (below). 
Transmission tests are not only important in determining whether the tumour can be transmitted by “injection” but, if the tests are positive, they can also provide insight into the latency period of the disease (McCallum and Jones, 2006). 

If transmission is by “injection,” the question arises as to when a tumour becomes capable of releasing cells that might be transmitted. When the tumour first becomes noticeable to the naked eye, the overlying skin or lining (mouth) is still intact, and it is possible, therefore, the potentially infectious tumour cells remain contained for some presumably short period prior to the tumour opening up. If so, then this “intact tumour” period could provide a way of identifying affected but pre-infectious individuals (DPIPWE Website: Nipping DFTD in the bud, 26 August 2010).
Other modes of transmission remain possible as well. Devils eating other Devils that had recently died from the disease might pick up live cancer cells through open sores in their mouths (Hamede et al., 2008; McCallum et al., 2009; Hamede et al., 2011). Devils might also pick up live cells from the saliva and froth (fomites) left in a carcass by a diseased Devil (Hamede et al., 2008; McCallum et al., 2009; McCallum and Jones, 2010; Hamede et al., 2011).
Why Aren’t the Tumour Cells Rejected?

The proposal that the tumour cells are transmitted from one Devil to the other as an allograft immediately raised the issue of why the Devil’s immune system does not reject the tumour cells as “other” or “foreign” (Pearse and Swift, 2006). There were two possible reasons. Either the Devil’s immune system was inherently unable to recognise the tumour cells, or the tumour had the capacity to evade the immune system’s surveillance system (A.-M. Pearse, on ABC Science Show, 4 February 2006; #).
Research addressing this issue quickly returned results that indicated the problem lay with the Devil’s immune system. Genetic research, for example, showed that diversity in the Devil’s major histocompatibility complex, that part of the genome involved in the immune system’s recognition of self and non-self, is low (Siddle et al., 2007b). The low diversity in this part of the Devil’s genome fit well with the earlier finding of the Devil’s generally low genetic diversity (Jones et al., 2004; Siddle et al., 2007b). Indeed, as early as September 2003, a researcher involved in the early general genetics research had suggested there might be a connection between the Devil’s low genetic diversity and its susceptibility to the disease (Wood, 2003c). This result suggested that the Devil lacked the ability to respond to the tumour.
Geneticists also showed that the tumour cells’ surface antigen genes were being expressed (Siddle et al., 2007a), although they did not examine whether the antigens were actually appearing on the surface of the cell. This result suggested that the tumour probably had surface antigens that were there to be recognised, if only the immune system were capable of doing so.
Immunological research measured the in vitro proliferation of lymphocytes in response to a variety of standard antigens. These tests indicated that the Devil’s immune system was fully competent, although there was wide variation in the degree of response among, and even within, individuals (Woods et al., 2007). 
But when lymphocytes from 15 Devils of unstated provenance were mixed together in pair-wise tests, “there was a failure of the … lymphocytes to proliferate (Stimulation Index mean = 2; Woods et al., 2007)” (see also see also Anonymous, 2007; Menzies Research Bulletin 52). This experiment was apparently done a second time with nine Devils from eastern Tasmania, and “no mixed lymphocyte responses were observed (SIs ranged 0.3 – 4.6; Siddle et al., 2007b: table 4),” although later the response would be called “low (Kreiss et al., 2011).” These results suggested that the lymphocytes from the different individuals were not different enough to be recognised as “non-self” instead of “self” (Woods et al., 2007; Siddle et al., 2007b).
Interestingly, however, the results of these two experiments were seemingly opened to question shortly after they were published, because the researchers wrote in their annual report for 2007 that “mixed lymphocyte reactions among eastern and western devils were performed, and some experiments (especially between West and East devils) showed high reactions … (Menzies Research Institute Annual Report 2007).”  
This apparent ambiguity lay dormant for more than three years until mid-2011 when the researchers published the results of what was apparently a third mixed lymphocyte experiment using 15 Devils from a variety of locations including both the east and west and presumably similar (identical?) protocols as in the earlier two experiments. The results of this experiment showed that the mixed lymphocyte reactions varied between “weak” and “strong” (overall SIs ranged 0.5-128, medians ranged c. 2-32; overall SIs in east ranged 0.5-64; Kreiss et al., 2011: fig. 2). The researchers explained the different results between the second and third experiments (they didn’t mention the first experiment) by suggesting that “it is likely that different (or rare) MHC antigens were ‘diluted out’ and not present in enough quantity to stimulate proliferation of the responder cells (Kreiss et al., 2011).”

The revised results of the lymphocyte experiments were not published as stand alone research, but as part of a larger and even more significant experiment on skin grafts. A call for reciprocal skin graft experiments had been made as early as October 2007 (Siddle et al., 2007b); funding ($ 23 000) was available by early January 2008 (UTas media release, 7 January, 2008; ABC News, 7 January 2008), and results were expected by the end of that year (ABC Hobart, 2008). But the results were only alluded to in mid-July 2010 and then published a year later, in July 2011 (Kreiss et al., 2011). And the results showed convincingly that a skin graft from one Devil would be rejected by another Devil, suggesting that the Devil’s immune system has no trouble indentifying cells from another Devil as foreign.
Parenthetically, even after the clear results of the skin graft experiments were published, researchers continued to evoke the Devil’s low genetic diversity as contributory to the disease’s spread (G. Woods, Science Alert, 25 July 2011; G. Woods, in STTDP website: Unlocking the secrets behind the spread of DFTF, 9 August 2011; G. Woods, on ABC Rural Bush Telegraph, 20 September 2011; Hamede et al., 2011) even though there was apparently no new evidence to support this belief.

The skin graft experiment and the revised mixed lymphocyte experiment have now turned researchers’ attention to the tumour’s apparent ability to evade the host’s immune response (Kreiss et al., 2011; ABC, World Today, 22 July 2011; Science Alert, 25 July 2011). This will involve asking whether the tumour is modifying its own antigens (Woods et al., 2007; E. Murchison, in Wylie, 2010) or suppressing the host immune system’s ability to recognise those antigens (G. Woods, as reported in Denholm, 2010; E. Murchison, in Wylie, 2010). 

In light of this re-focusing on the tumour itself, it is interesting that in early 2010, researchers had shown that the Devil’s facial tumour expressed a precursor to the hormone that controls cortisol levels in the blood and that Devils with tumours had levels of blood cortisol that were just short of significantly higher than in healthy Devils (P = 0.06). Cortisol has immunosuppressive activity and hence this was the first hint of how the tumour itself might escape detection of a functioning immune system (Murchison et al., 2010).
Although the first clear indication that it was the tumour’s properties that might explain its success and not the Devil’s immune response was the mid-July 2011 report, there was a grant awarded in February 2010 to “explore why the Devil’s immune system fails to recognise the tumour and mount an immune response (The Examiner, 18 February 2010).” Considering the time to write and award the grant, some researchers must have suspected that the tumour was the place to look instead of the immune system no later than sometime in the later half of 2009.

It is interesting to speculate about what might have happened if the revised mixed lymphocyte results had been published quickly instead of several years later, because they could have prompted, if not the complete shift of focus away from the immune system and onto the tumour, then at least a more balanced focus. Perhaps researchers inside the Devil research community knew of the revised result before they were finally published, but outsiders interested in the Devil’s unusual tumour may not have known.
As to the skin graft experiment itself, seven Devils from eastern Tasmania received eight reciprocal grafts and the five that engrafted successfully were subsequently rejected (Kreiss et al., 2011).

When Does Transmission Occur?

If transmission occurs primarily when one adult Devil bites another, as seems likely, there are only two known circumstances when Devils are close enough often enough for transmission to occur on a regular basis: when feeding in a group at a carcass and during mating.
Researchers have come to believe that transmission is more likely to occur during mating than during group feeding (Jones et al., 2007; McCallum et al., 2007; Hamede et al., 2008; Hawkins et al., 2008; Jones et al., 2008). For example, one researcher said that “… most of the biting happens at the time of mating (H. McCallum, in Johnston, 2007).” There seem to be two lines of evidence for this inference. The first is that the proportion of severe injuries in adults in one population over a three year period was higher during the mating season that during the “pouch young season” and the “dispersal season (Hamede et al., 2008).” But this may not be unexpected, because during the mating season, except for the few days a pair may be secluded in a mating den, mating bites would be additional to the bites occurring during on-going social activities such as feeding at carcasses, resulting in an overall increase in biting in this period. It may be true that transmission occurs more often during the mating season due, perhaps, to an increase in overall biting frequency. But it does not necessarily mean that transmission is more likely during mating per se.
The higher prevalence of severe bites in adults has been described as “… typically around twice as common during the mating season (March) as in other seasons … (McCallum et al., 2009), but in the original reference cited the actual increase based on means is 1.2-1.4 times as high (Hamede et al., 2008: fig. 6).

The second line of evidence seems to be based on the assumption that the few days of the year a male and female remain together in a mating den “may facilitate transmission (Hamede et al., 2009).” However, data from “proximity loggers” attached to Devils show that there is no significant difference between the mating and non-mating seasons in either the number of encounters or the length of  encounters between Devils (Hamede et al., 2009: fig. 3). This lack of difference is striking, because the meagre evidence from both captive and wild animals is that pairs can spend several days secluded in mating dens (p. #). Why this behavioural difference didn’t show up in the data is unclear. Furthermore, there is little direct information on the nature and severity of the biting in mating encounters, and without this, inferences as to the implication of proximity during mating and transmission of the disease are speculative at best.
Devils’ biting behaviour at carcasses is well understood, because it is easy to observe. But biting behaviour during courtship and mating is less well understood, because it is difficult to see. Males drag quiescent females around by the ear when guarding them and they sometimes bite them on the nape during mating. But, perhaps tellingly, neither the ear nor the nape seem to be focal points for primary tumours.  Other opportunities for biting, such as males fighting over females and females rejecting males, are even more fleeting and, therefore, even less well understood. 
Transmission: Density Dependent or Frequency Dependent?

The long term future of an infectious (or parasitic) agent with just one host is dependent on whether it spreads in a density- or frequency-dependent manner. An agent that spreads according to the density of infected individuals is likely to go extinct because at some point the density of infected individuals falls so low that random contact can cause them to be overlooked.
In contrast, an infectious agent that spreads according to the frequency of infected individuals will only go extinct when its host goes extinct. This is especially the case when the infection occurs in a vital and hence avidly sought contact, such as sex. Even when the density of infected individuals is low, healthy individuals will still seek contact with them.  
It can be extremely difficult to determine if a disease is transmitted in a density or frequency dependent manner. Devil researchers, however, have come to believe that the disease spreads in a frequency-dependent manner (McCallum et al., 2007, 2009; Jones et al., 2008; Bender, 2010) based on the belief that the increased prevalence of bites during the mating season is due to biting during mating (above) and the observation that the disease occurs at high frequencies even in populations with low density (McCallum et al., 2008; Jones et al., 2008; McCallum, 2008; McCallum et al., 2009). As noted above, however, there are other explanations for the increased prevalence of severe bites during the mating season, and it is also possible that any density dependency in transmission rates will only become evident at very low densities.
Although most researchers discuss frequency-dependent transmission in qualified terms as the most likely mode of transmission, a recent reviewer of the disease stated categorically that this is the means of transmission (Bender, 2010).

Distribution of Tumours: Age and Sex
The disease usually occurs in adults, that is, animals two years of age and older (McCallum et al., 2009; Beeton and McCallum, 2011). However, it can also occur in animals possibly as young as one year old (DPIWE, 2005; STTDP website: The Disease; 17 June 2010) but certainly as young as 13 months (McGlashan et al., 2006: fig. 3; C. Hawkins, in Jones et al., 2007; McCallum et al., 2007). In one survey covering several sites, just under five percent of 147 diseased animals were estimated to be under two years old (Hawkins et al., 2006; see also Loh et al., 2006). Recently, however, the population on Freycinet Peninsula was described as having “a lot of the juveniles … also have the disease (M. Jones, ABC Science Show, 3 September 2011). This is the first indication that large numbers of juveniles are being affected.
The tumour affects both sexes equally (Loh et al., 2006; Hamede et al., 2009; McCallum et al., 2009). At an early stage of research into the disease, it was thought that males were affected first and then females (Clark, 2003; McManus, 2003; Bevilacqua, 2004). It was also thought that the disease was more prevalent in males than females (Anonymous, 2003). Apparently neither belief turned out to be true, although the assertion that males seem to be first affected persists in some current STTDP literature (About Devil Facial Tumour disease, created 20 January 2010; accessed 1 October 2011).
Distribution of Tumours on the Body
The primary tumours are usually described as being on the head and neck (Lachish et al., 2007). However, in one of the earliest surveys of the distribution of the tumours on the body, the distribution of single primaries was 62 percent on the oral mucosa and 38 percent on the haired part of the face (N = 26). Apparently none were on the neck, even though the neck was mentioned in the abstract (Loh et al., 2006).

Although the primary tumours are said to occur only on the head and neck, Devils bite each other over other parts of the body (AusVet, 2005).  For example, observations on 220 Devils trapped in a three year study in northeast Tasmania, showed that 48.4 percent of wounds and scars were on the muzzle, 28.7 percent on the rump and tail and the rest were on the ears, shoulders, legs and back (Pemberton and Renouf, 1993). And observations on Devils in one population feeding at a carcass in winter showed that of the 147 bites recorded 87.8 percent were to the head, 9.5 percent to the body, 2.7 to the tail and none to the limbs (Hamede et al., 2008).   And in the adults of one population over three years, the proportion of injuries to the head was 54.6 and 65 percent in males and adult females, respectively; injuries to the body were 30.6 and 21.6 percent, respectively, and injuries to the tail and limb were rare. In subadults, most injuries were to the limbs (52 percent) followed by the head (25.7 percent) (Hamede et al., 2008).
In addition to these data, the DPIW apparently has “a very nice data set on wounds of wild devils all over the state” (ABC Online, 1 May 2009), which would presumably give the most comprehensive indication of the number and distribution of wounds and scars over the entire body. But to date, there is no published analysis of this data. 
It is clear from the data that are available that despite the distribution of the bites over the entire animal, the tumours seem to occur significantly, indeed only, on the head. The most likely explanation for this is that only the head provides the conditions for the transmitted tumour cells to “take.” The experiment to test this idea, injecting live tumour cells into or just below the dermis and seeing if a tumour develops locally, seems not to have been done. It could be done ethically, however, if any tumour was surgically removed at the first indication.
Tumour’s Secondary Affect on Individuals
The facial tumours of Devils affect other aspects of their biology besides its ability to eat, drink, breath and see. For example, the tumour affects the sex ratio of the young in females. Healthy females have sex ratios that do not differ significantly from parity (p. #), but diseased females have significantly more females than males (Lachish et al., 2009).

Surprisingly, many aspects of the Devil’s behaviour, ecology and reproduction seem largely unaffected by the disease - at least until it is well advanced. There is no difference, for example, in movements of healthy and diseased animals (Brandenburg, 2010).

The disease also seems to have little effect on the reproductive capacity of Devils, at least in females. In the Freycinet Peninsula population, for example, the mean litter size did not differ significantly between healthy (mean = 3.42) and diseased (mean = 3.40) females (Lachish et al., 2009). 

Time to Death

It is difficult to estimate the period between the time an animal is bitten and becomes infected and the time it dies, because it is difficult to infer or observe the critical beginning and end points. Some inferences can, however, be made. Trapping surveys gather data on the length of time an animal can live with the disease, which is an estimate of the minimum longevity of an infected animal. No analysis of these data has been published as yet. 
A most frequently quoted figure for survival time once a tumour becomes obvious is six months (Dennis, 2006; Lachish et al., 2007). And the most frequently quoted figure for maximum survival time is nine months (Hawkins et al., 2006; Lachish et al., 2007). There is, however, one record of nearly one year (Dennis, 2006) and another for 14 months (R. Hamede, on ABC, The World Today, 1 January 2009). The provenance of the animals holding the nine and near one year records are not in the public domain, but the animal still alive at 14 months was from a population showing an apparent immunologically based resistance to the disease (see also M. Jones, ABC Science Show, 3 September 2011). Recently, a veterinarian working with the Devils wrote that “it was originally hypothesised that devils would die in about 6 months but there are indications some infected animals will live much longer … (Wells, 2010).” The provenance of these longer living individuals was also not given.
The comment that “affected animals may die as little as 3 months after the first appearance of lesions” (Bender, 2010) is not supported by the reference cited (Hawkins et al., 2006). Recently, however, a field researcher has said that in eastern populations, “most Devils are dead within three months of a visible tumour arising (M. Jones, ABC Science Show, 3 September 2011).” The estimate of three months contrasts sharply with the previous most-cited estimate of six months
Population Decline

Just prior to the outbreak of the disease, the entire Devil population was estimated to be about 130 000 - 150 000 individuals based on extrapolations from estimated densities in different habitats (Jones and Rose, 1996, as cited in Jones et al., 2004; N. Mooney, in Bradshaw and Brook, 2005; M. Jones and N. Mooney in Hawkins et al., 2008: McCallum, 2008). This range was subsequently criticised as being too high, but no reason was given and no alternate estimate provided (McCallum et al., 2007), although figures of a “minimum of 20 000” (H. McCallum, in Byrnes, 2007) and 40 000 were mentioned elsewhere (H. McCallum, in Pickerill, 2007) and a “guess” of about 30 000 implied more recently (H. McCallum, ABC Brisbane Online, 8 September 2011). In March 2011, the STTDP published an estimate of 120 000 Devils having been alive in 1998 (Newsletter, March 2011). Interestingly, before any careful estimation had been attempted, Tasmanian authorities believed that Devil numbered in the hundreds of thousands (Sunday Tasmanian, 18 February 2001).
In any event, at the outbreak of the disease, the population was probably the largest it had been since European settlement (Owen and Pemberton, 2005). Since the outbreak of the disease, however, the total numbers have declined steadily (Hawkins et al., 2006). At the end of 2004, it was estimated to be 60 000 – 90 000 individuals (C. Hawkins, in Hobday and Minstrell, 2008). Currently, the population is thought to be about 80 percent of its pre-disease number, leaving only about 10 000 – 20 000 Devils in the wild (H. McCallum, in Pickerill, 2007; H. McCallum, in Courtney, 2010; see also, DPIPWE, 2010). One recent, presumably, authoritative, estimate, however, puts the range at 17 000 – 42 000 (Newsletter, March 2011). Recall that at the time of European settlement, there were thought to be about 45 000 Devils in Tasmania (p. #).
Mention should also be made of media reports in early 2011 of only 2000 Devils being left in the wild (Dobbin, 2011; Platt, 2011a; Toy, 2011). Such an estimate might be disregarded as a misunderstanding or mistake had it not reported by three different journalists. The source is unknown.

Periodically the authorities and researchers have issued estimates of the percentage decline of the entire Devil population: 27 percent by early 2004 (Hawkins et al., 2008); 41 percent by early 2006 (Hawkins et al., 2008); 53 percent by 2006 (Hawkins et al., 2006; McCallum et al., 2007); 64 percent by 2008 (C. Hawkins et al. unpublished, cited in Hawkins et al., 2008; McCallum et al., 2009); 70 percent in March 2009 (Newsletter, March 2009); 84 percent in February 2011 (STDP Annual Report 2010/11), and  more than 80 percent by mid-2010 (University of Tasmania media release, 3 August 2010). 
Curiously, however, two researchers closely involved with modelling the Devil’s population wrote in March 2011 that the overall population decline was at least 60 percent (Beeton and McCallum, 2011a; see also H. McCallum, on ABC Brisbane, online 8 September 2011) and a lab actively working on the disease could write in September 2011 that only “… 41 per cent of the population had been lost to … [the] disease (Menzies Research Institute, Projects in the area of devil facial tumour disease, 21 September 2011). It is unknown if these estimates represent lapses or reflect a difference of opinion about the total percentage decline.
Although all affected populations have declined, no local population has yet gone extinct (STTDP spokesperson, W. Brennan, in Burgess, 2010). It is difficult, however, to know how much immigration contributes to keeping the local numbers up. It is also difficult to know if decimated local populations have reached a steady-state or are just continuing to decline albeit more slowly. In any event, the largest declines for local population reductions are: c. 80 percent for the Freycinet Peninsula (data in Lachish et al., 2009: fig. 2) and 97 percent for Mt William (STDP Annual Report 2010/11). 
Although it is encouraging that local populations appear to be managing to hang on, the worry is that there comes a point when a local population, or even the whole population, becomes so small that an unusual event could cause it to go extinct (Bradshaw and Brook, 2005).

Geographic Spread

Devils with facial tumours were first found in the northeast part of Tasmania at Mt William National Park in 1996 (Mooney, 2004). It is almost certain that the disease first appeared in this part of the state and then spread south and west. 
The estimates of the rate of spread vary from about 5 to 52 km/y (Jones, 2003; Ladds et al., 2003; McCallum et al., 2007; Newsletter, December 2010; STTDP website: Background, 13 March 2010; S. Fox, on ABC News, 9 November 2011).
The disease does not spread evenly along a single front. Its spread has been described as “patchwork” (N. Mooney, in Bevilacqua, 2004); emerging in some areas but not others (J. Jackson, as reported in Sayer, 2004), and “… with spots of disease flaring ahead of the wider front (Darby, 2011).” Presumably, this pattern simply reflects the vagaries of Devil movements, but its possible implications for natural resistance or immunity have apparently not been explored.
There have been periodic updates on just what proportion of the state is affected, but these estimates varied widely.  For example, the disease was said to have spread across 65 percent of the state as of December 2004 (DPIWE, 2005a-b); 51 percent by mid-2005 (Hawkins et al., 2006); 56 percent by the end of 2006 (Brennan, 2006); 51 percent by early 2007 (Lachish et al., 2007); 59 percent by March 2007 (Hawkins, 2007; McCallum et al., 2007); “more than 60 percent” in early 2010 (STTD Website: The disease, 17 June 2010; also Menzies Research Institute: Projects in the area of devil facial tumour disease, 21 September 2011), and 75 percent at the end of 2011 (STDP Annual Report 2010/11).
Estimates of when the disease will have extended throughout the state are also quite variable. In 2007, the projected dates varied from 2010 (Alumni News, November 2007) and 2012-2013 (H. McCallum, in McGlashan et al., 2007) to 2012-2017 (McCallum et al., 2007); in 2008, from 2014-2019 (McCallum, 2008); in 2009, they were estimated to be in about 2012 (“as little as five years”; McCallum on Radio Australia, Innovations, 18 May 2009) or in 2014 (Lachish et al., 2009), and in 2011 the year 2016 was implied (H. McCallum, on ABC Brisbane Online, 8 September 2011).

Estimates of the time to extinction of local populations were about 15 years in 2007 (McCallum et al., 2007).
Estimates of the date of possible extinction in the wild have varied between 2017 and 2040, specifically in chronological order: 2017-2022 (ABC News, 4 March 2007; H. McCallum, in McGlashan et al., 2007), 2027 (Jones et al., 2007, H. McCallum, in McGuirk, 2007; Paine, 2007); 2027-2032 (H. McCallum, in Edwards, 2007); 2032 (DPIW, 2007); 2026-2031 (H. McCallum, on ABC Brisbane Online, 8 September 2011) and 2030-2040 (H. McCallum, on ABC PM, 1 September 2010).
Tumour’s Affect on Population Structure and Genetics
The arrival of tumour facial disease into a new area can have profound consequences on the local Devil population. The most obvious affect is a reduction in population size. This may be as much as 97.5 percent (Lachish et al., 2007), although no local population has gone extinct as yet (DPIPWE, 2010). 
There is also a profound change in population age structure with the loss of most animals older than two years (PDIWE, 2005; Jones et al., 2008; Lachish et al., 2009).

There is also a profound shift in age at first breeding, with an increase in the number of females breeding at one year of age (Lachish et al., 2007; Jones et al., 2008; Lachish et al., 2009: fig. 4). Pre-disease, between 0 and 12.5 percent of one year old females might have bred in a population. But post-disease this can rise to as high as 83 percent in some populations, such as Mt William, where the disease was first noticed and presumably been established the longest. The youngest age at which a female in an affected population has been observed breeding is 14 months (Jones et al., 2008). This shift to earlier breeding is thought to be due to an increase in resources brought about by the smaller local population size instead of an evolutionary shift (Jones et al., 2008). Furthermore, breeding one year old females are probably faster growing and definitely slightly larger than non-breeding one year old females, suggesting that more rapid attainment of some size or developmental threshold contributes at least in part to their earlier breeding (Lachish et al., 2009).
There was also an early report that at least at one site, Devils had extended their breeding season. Pre-disease, Devils at Mt William bred in a three week period in March and April. But post-disease, the Devil researcher most familiar with this site, was reported as having found evidence that the animals were now breeding throughout the year (D. Pemberton, as reported by ABC Hobart and ABC News, 21 July 2008). But nothing further has been published.

Arrival of the disease also leads to a decrease in female dispersal in terms of both distance moved and frequency of movement. This was, again, possibly due to less competition for locally available resources. There was, however, no significant change in male dispersal (Lachish et al., 2010b).
The disease also appears to have been attended by significant changes in the frequencies of some alleles, which suggests that evolution has occurred. For example, in three east coast populations, one allele had a frequency > 0.34 pre-disease, but this declined to < 0.015 two to three generations post-disease (Lachish et al., 2010b). The function of the alleles is unknown; hence it is unclear if the change is adaptive or not.
The disease has led to a greater genetic differentiation among populations. Surprisingly, however, it has not led to any significant loss of genetic diversity within populations (Lachish et al., 2010b).
There is some genetic evidence for an increase in inbreeding within populations. This is a logical consequence of smaller population size and reduced dispersal (Lachish et al., 2010b; STDP Annual Report 2010/11).

Some population parameters, however, appear to be unaffected by the disease. For example, the sex ratio was not significantly different in three east coast populations (combined) both before and after the disease had become established (P = 0.16, Fisher Exact Test; data in Lachish et al., 2010b), each sex ratio (before = 68/78 and after = 81/65) being not significantly different from parity (see also Lachish et al., 2007).
Among females, the proportion of adults (≥ 2 y) that breed remains high, varying between 81 and 100 percent (Lachish et al., 2009: fig. 4), which is even higher than in most pre-disease populations (p. #).

And survivorship, while strongly depressed, does not differ between the sexes (Lachish et al., 2007).

Finally, both healthy and diseased animals were trapped at similar rates (McCallum et al., 2009), suggesting that the foraging activity in the two groups is similar.
Conservation
Conservation Status

Devils first received their first legal protection on 3 May 1941, when they were listed as “wholly protected,” and it became illegal to kill them without a permit (Launceston Examiner, 5 May 1941). Prior to that, it was open slather. In the early part of the 19th Century there was a bounty on Devils, set at half the value of the bounty on Thylacines, and as late as 1928, Devils were listed as “wholly unprotected” (Hibberd, 2006). The legal protection given to Devils in 1941 may have been one of the contributing factors to the noticeable increase in their numbers beginning in the 1960s.

With the advent of its facial tumour disease, the Devil received higher conservation status with up-grades on state, national and international threatened species list. In May 2008 it was raised to “Endangered” under Tasmania’s Threatened Species Protection Act 1995; in late 2008 it was raised to Endangered on the Red List of the International Union for the Conservation of Nature (IUCN), and in May 2009 it was raised to Endangered under the Commonwealth’s Environment Protection and Biodiversity Act 1999 (STTDP website: Status, 3 August 2011).
In September 2006 the Devil’s facial tumour disease was gazetted under Tasmania’s Animal Health Act as a List B notifiable disease (STTDP Website: Tasmanian Devils, 24 June 2010; Status, 3 August 2011).

Interestingly, in what might have been a response to the scarcity of the Devil by the 1920s (above) the Commonwealth prohibited its export overseas, both alive and as skins, in December 1921 (Hobart Mercury, 16 December 1921).
Bureaucracy and Funding
Organisation

The first move toward a coordinated response to the Devil’s facial tumour disease came on 14 October 2003 when Australian wildlife biologists met in Launceston, Tasmania to discuss the disease (ABC World Today, 14 October 2003; Brand Tasmania Newsletter, October 2003; Darby 2003, 2011; Tyler et al., 2011). A short time later, in April 2004, the Tasmanian state government brought the response to the Devil’s facial tumour disease under one group, the Save the Tasmanian Devil Program (STTDP) (DPIPWE, 2010). This group, sometimes also referred to in the early days as the Devil Facial Tumour Disease Project Team (Pycroft et al. 2004) or just Devil Disease Project Team,  became “the official national response to the threat posed” by the disease (STTDP Website: Save the Tasmanian Devil Appeal, 3 June 2010). Virtually all of the work now directed toward the conservation of the Tasmanian Devil is carried out under the auspices of, or in partnership with, this program.

The STTDP originally described itself as “an initiative of the Australian and Tasmanian governments in partnership with the University of Tasmania” (STTDP Website: Program administration, 24 June 2010; DPIPWE Annual Report for 2010). But it later dropped the partnership designation for University of Tasmania and relegated it to just one of several supporting institutions (STTDP website: The Program, as modified on 9 August 2011). Why this change occurred is not clear, but it occurred at about the time the university became the public fund-raising arm of the now purely government program (below). 

The coordinating authority for the STTDP is the Tasmanian government’s Department of Primary Industries, Parks, Water and Environment’s (DPIPWE) website (accessed 4 July 2010; STTDP website: The program, 9 August 2011); its website is through the DPIPWE, and its street address is the same as the DPIPWE. 

Although it hardly needs saying, all Devils, captive and wild, are “owned” by the Tasmanian government. As a result, the Tasmanian government decides who does and does not get access to Devils and their tissues (Waterhouse, 2007). The state government originally vested this responsibility to staff in an earlier version of the DPIPWE (Waterhouse, 2007). But when a number of overseas researchers with relevant expertise complained that their “offers to help” were either going unacknowledged or being knocked back (Hobart Mercury, 21 November 2006), the government made the senior scientist responsible for assessing the research proposals (Duncan, 2006). But when the senior scientist resigned in mid-2009 (below), it became unclear who had the assessment responsibilities, and it remains unclear today. Suffice it to say that in some areas, especially in some immunological aspects, the research seems remarkably parochial.
In the early days of work on the disease, the Tasmanian government received “many requests” for samples of the tumour DNA from overseas scientists and these requests are assessed by Tasmanian researchers on the basis of whether “they might help the plight of the devil” (Johnston, 2007). However, to date only two overseas research groups appear to have received tissues (see Genome Sequence section). And one of these prevailed only after a major sponsor threatened to withdrawn support. The sponsor’s spokesperson said at the time: “It just shows you the politics of it. … There's too much self-interest, too much red-tape (Ball, 2009).” 
The STTDP is overseen by a Steering Committee, which consists of “Government stakeholders, the University of Tasmania, non-government stakeholders and experts” (STTDP Website: Program administration, 24 June 2010). The Steering Committee must approve all STTDP strategies and “ensures the program continues to achieve its targets (Boland, 2011).” The Committee meets quarterly, although there was a hiatus in its meetings. Initially, it met first on 27 July 2007 and last on 21 April 2008. It then seems to have not met for just over two years. It resumed meeting in the middle of 2010 (STTDP Website: Steering Committee, 5 October 2010). It is not clear why the break occurred. 
The Steering Committee currently consists of eight members (STDP Annual Report 2010/11; STDP Annual Report 2010/11). Four members, including the Chair, are from the Tasmanian government’s DPIPWE; one is from the University of Tasmania (Zoology Department); one is from a Commonwealth Government department; one from and the Australian Wildlife Health Network based at Taronga Zoo in NSW, and one from Taronga Western Plains Zoo (STDP Annual Report 2010/11). This group presumably has the greatest power within the STTDP, although it is not clear how it actually operates.
It is not clear who has the final say in determining policy with regard to the Devil’s facial tumour disease and conservation, a bureaucrat in DPIPWE or the Steering Committee. One suspects the former.
For a while the STTDP had a Senior Scientist. He was appointed in June 2006 (ABC News, 26 June 2006; see also ABC News, 10 November 2005) and resigned in mid-2009. He was finally replaced in December 2010. And in what was perhaps either a sign of the times or a change in STTDP culture the position was re-named Science Manager.

The Steering Committee takes advice from three “subordinate” committees. In July 2011, the STTDP established a Scientific Advisory Committee (SAC) “to assist the Program with the development of science strategy and projects, evaluate the quality of science in the program, and to provide advice on the capability required to support the program UTAS Media Release, 5 July 2011).” The SAC has ten members; three are from Tasmania, five from interstate and two from overseas (NZ). This Committee, both in its brief and composition, should make a major contribution to the research and conservation of the Devil.
The Meta-population Advisory Committee (MAC) provides advice on the Insurance Population to the Steering Committee. This committee met first in February 2010, but how often it meets is unclear. The MAC consists of seven members. Two, including the Chair, are from DPIPWE; two from the zoo industry; one from an interstate university (small population management expert), one from an international conservation group, and one from a Commonwealth Government department (STDP Annual Report 2010/11).
Finally, there is a Stakeholders’ Reference Group (SRG). This group seems to have been formed in 2006 (Newsletter, November 2006) and met quarterly until November 2008 when it seems to have ceased meeting (McClone, 2010) for reasons that are unclear. It was apparently re-formed in 2010 and was to meet quarterly (STTDP Communication Strategy, 2008-2013), but there seems to be little information about the “new” SRG. It currently consists of 15 members, representing animal welfare, conservation, primary industry and tourism interests (STDP Annual Report 2010/11).
The STTDP website contains much interesting information and many useful links. It also often foreshadows developments, mostly “good news” stories, well before they are published. 

Income
There is insufficient information readily available in the public domain to determine precisely the sources and sums of money coming into the STTDP program and the recipients and sums going out. In general, funding for STTDP comes from, in decreasing order of largess, the Australian government, the Tasmanian government and the public. Public donors range from large international corporations to individual children donating their “work” money. A large part of the STTDP website is dedicated to communicating with the public and encouraging public donations.  To date, the Australian and Tasmanian governments have committed $ 25 million to the STTDP. But it is unclear just how much the public has contributed.

The first public appeal for funds to research the Devil’s facial tumour disease was launched on 13 November 2003 and called “The Tasmanian Devil Disease Community Appeal.” The funds were administered by the University of Tasmania Foundation (Wade, 2003; The Advocate, 14 November 2003; Brand Tasmania Newsletter, April 2004). The first research funds were awarded in 2005 (Hobart Mercury, 2 February 2005; STTDP website: Save the Tasmanian Devil Appeal: grants and scholarships allocations, 3 March 2011; ABC News, 8 March 2005).
In June 2009, an agreement between the Tasmanian state government and the University of Tasmania led to what appeared to be a modification of the STTDP’s public appeal program to include management initiatives as well as research. Called the Save the Tasmanian Devil Appeal (STDA), it describes itself, somewhat, obliquely as “the only [?] official fundraising entity that directs funds in full to … [the Save the Tasmanian Devil Program]. So 100 % of the funds raised by the Appeal go to the research and management activities that have been prioritised as important to the long-term solution to devil facial tumour disease and the aim to keep Tasmanian devils sustainable in the wild (UTAS website: Save the Tasmanian Appeal, 3 June 2010; ABC News, 6 June 2009).” The over-seeing Save the Tasmanian Devil Appeal Committee (STDAC) is part of the University of Tasmania Foundation. The STDA appears to have begun operating sometime in 2010.

On the face of it, it appears that the STDA, like its predecessor, is officially part of the University of Tasmania, but it directs its funds in accordance with the STTDP, which is, as noted above is “an initiative of the Australian and Tasmanian governments” but “coordinated” by the Tasmanian government’s DPIPWE. Indeed, DPIPWE has a full-time manager who assists the STDA committee (DPIPWE Annual Report for 2010; see also STDP Annual Report 2010/11). In 2010, STDA’s goal was to raise “more than $ 1 million (UTAS website: Save the Tasmanian Devil Appeal, 3 June 2010). 
Disbursements
Funds are distributed to two major areas, research and management. Research grants from all publicly donated funds are allocated by the Tasmanian Devil Research Advisory Committee (TDRAC). At the beginning of 2010, this committee consisted of six representatives from the University of Tasmania and one from DPIPWE. In August 2011 it consisted of five representatives from the University of Tasmania, one from the STTDP and one without stated affiliation but possibly a University of Tasmania Honorary Research Associate in the School of Zoology by the same name (STTP website: Grants & Scholarships, 11 August 2011).
Between 2005 and 2010, the STTDP distributed $689 152 for research on the Tasmanian Devil. Of this, 71 percent went to the students and staff of the University of Tasmania and 73 percent went to these plus other researchers in Tasmania (data in STTDP website: “Grants and scholarships. Current grants recipients; published: 16 February, modified: 24 February 2011). It is not clear from information in the public domain whether the applications for funding made to TDRAC are peer reviewed and if so, just how this review is carried out.
The aim of the STTDP is to “maintain the Tasmanian Devil as an ecologically functional species in the wild” (AusVet, 2005) or, as slightly modified subsequently, to ensure “an enduring and ecologically functional population of Tasmanian Devils in the wild in Tasmania (DPIW, 2007; STDP Annual Report 2010/11).” This is not the same thing, however, as maintaining the Devil as a continuously breeding population in the wild. It allows for extinction in the wild with re-establishment from captive bred animals which would have the same “functionality” as continuously breeding Devils would have had. The STTDP has yet to explain just what aspects of the Devil’s  “functionality” it is most interested in, but researchers associated with the program are beginning to consider the issue (Fox et al., 2010).
It is not clear exactly how STTDP funds for management are distributed. Just in terms of the upkeep of the animals, STTDP says it costs about $ 7000.00 per year to maintain one Devil in a zoo. With nearly 490 Devils now in the Insurance Program and assuming Devils are as costly to maintain in free-range enclosures as in zoos, then the annual expense of just maintaining the Devils is nearly $ 3.5 million a year. The STTDP’s Appeal solicits funds for the purposes of upkeep, but just how much it disperses to this end is unclear. 
In terms of overheads, presumably salaries for STTDP staff and Tasmanian government employees dedicated to the project would be substantial, but the precise sums are unknown.
In 2009, the STTDP established the Tasmanian Devil Conservation Grants scheme. The purpose of the grants is to increase the capacity and number of Australian institutions participating in the Insurance Population. The fund is administered by Zoo Aquarium Association’s Wildlife Conservation Fund. And “while the Grants Program is open to activities across Australia, a portion of the funds is reserved for projects in Tasmania (DPIPWE annual report for 2010). To date it has awarded three grants totally $492 000 to three of ZAA’s members, one for a free range enclosure and two for more traditional enclosures (STTDP website: $492,000 to expand the Tasmanian devil Insurance Population, 3/12/2010).
Decline within Populations

As yet, no known population of Devils has gone extinct (STDP Annual Report 2010/11). Instead the pattern seems to be a severe initial reduction in the population size and then an apparent stabilisation (data in McCallum et al., 2009: fig. 3). For example, at Mt William, where the disease was first noticed in 1996, estimates of the population decline were: about 75 percent in August 2004 (data in McCallum et al., 2007); 87.5 by July 2006 (data in McCallum et al., 2007); about 90 percent at the end of 2006 (Darby, 2006); about 90 percent in or just prior to 2007 (McCallum et al., 2007); 89 percent in February 2007 (Hawkins, 2007); about 97.5 percent in early 2007 (data in Lachish et al., 2007); about 94 percent by March 2009 (Newsletter, March 2009); remaining about 94 percent in early 2010 (W. Brennan, in Burgess, 2010; Fox et al., 2010), and 97 percent at the end of 2011 (STDP Annual Report 2010/11). 
On Freycinet Peninsula, where the disease was first detected in 2001 (Lachish et al., 2007, 2009), the total population size seems to have stabilised at about 40 to 50 percent of its pre-disease size over the last two years (2006-2007) for which information is publicly available (data in Lachish et al., 2007: fig. 5; McCallum et al., 2007: fig. 3.; 2009: fig. 5). And the adult population size appears to have stabilised at about 13 percent of its pre-disease size over the last two years (2007-2008) for which information is available (data in Lachish et al., 2010#: fig. 3c).

It is possible, of course, that these severely reduced populations haven’t stabilised at all. Rather, the rate of loss may just have slowed to such an extent that sampling error can not distinguish between continuing slow attrition and stability. Further data would be needed to distinguish between a slowing decline and stabilisation. Curiously, however, no estimates of population size more recent than early 2008 have been published for any population. In fact, the most recent estimates for most populations are no later than late 2007 (data in McCallum et al., 2009). And yet, in early 2006 the plan had been to continuously monitor at least some of these long-term disease sites (unspecified) at least annually (Hawkins et al., 2006).
If any population has stabilised it would be important to know why. Does low density provide for some stability, or does the existing population represent an increased resistance in the population, which might provide the basis of a recovery in the population. This possibility seems to have received little attention.
Insurance Population

When Tasmanian wildlife authorities realised that the facial tumour disease was spreading rapidly and there was nothing anyone could do to stop it, they decided to try to protect at least some healthy Devils from infected Devils through isolation. The idea was that if Devils went extinct in the wild, taking the tumour cell line with them, healthy Devils could be released back into the wild. Under this scenario, the Devil’s future existence as a self-reproducing entity could depend entirely on this so-called Insurance Population. 

Furthermore, in the early days before it was not known how the tumour disease spread, the possibility that it might be airborne, led the authorities to plan for isolation to be on the mainland. The first meeting with the organisation representing the receiving institutions, what is now the Zoo and Aquarium Association (ZAA), was in mid-December 2004 (ABC PM, 8 December 2004; Hobart Mercury, 8 December 2004). In early 2005 the first animals were collected into the wild and placed in quarantine for 12 months in some accounts (Devils on the Verandah website: Noah’s Ark for Devils, undated) and 18 in others (STTDP website: Background, 13 March 2010). Hence an agreement with ZAA must have been concluded sometime in the interval. What this agreement entailed seems not to be in the public record, but the fact that virtually every mainland ZAA institution in even marginally appropriate climate zones has been supplied with healthy Devils from the wild, may indicate its scope. Thus when the original rationale for mainland captivity, that is airborne transmission, was effectively negated with the discovery, perhaps as early as the end of 2005 and no later than early 2006, that direct physical contact between an infected and a healthy Devil was the mode of transmission, there may have already been a binding contract to supply Devils to most, if not all, ZAA members on the mainland.
In any event, as to the size of the Insurance population, a meeting of captive breeding specialists and Devil biologists in Hobart in July 2008 determined that to maintain at least 95 percent of the Devil’s genetic diversity, at least 1500 (1700 in some accounts) Devils would have to be put into the Insurance Population if this population was managed intensively at the level of individuals and at least 5000 if it was managed more generally at the level of the population. It was envisaged that the Insurance Population might have to be maintained for at least 50 years to allow for extinction to occur and re-introduction to be accomplished (Jones et al., 2007; Sinn et al., 2010; STTDP website: Insurance population, 12 October 2010). This time is equivalent to about 25 Devil generations and beyond the lifetimes of most of the people currently involved with the Devil.
The insurance population program calls for two kinds of isolation. One involves moving healthy Devils to new locations and other involves fencing off still healthy populations in their original location.  In the first case, Devils are shipped to zoos and wildlife parks (hereafter, zoos) on the mainland; put into large “naturalistic” enclosures in Tasmania and, more recently, on the mainland, or released onto off-shore islands. These endeavours are well underway.  In the second case, healthy Devil populations were to be fenced off, taking advantage of natural barriers to dispersal, such as peninsular necks and inappropriate habitat. This effort is still in the planning stages.
Devils for the insurance population have been sourced from areas in the east, southwest and northwest, where populations were and still are, as far as can be determined, disease free. And as two additional precautionary measures, only “recently weaned” juveniles were taken from the wild, and they were held in quarantine for a period, variously reported as 12 to 20 months, prior to being distributed to an insurance population facility (DPIWE, 2005a-b; Darby, 2006; C.E. Hawkins, pers. comm., in Department of Sustainability, Environment, Water, Population and Communities, 2010). More recently, however, wild Devils of unstated age were transported to a large free range enclosure (below) after a quarantine of only six months (ABC News, 29 April 2011). 
It was recognised early on that there would be a problem housing the requisite number of Devils foreshadowed in the Insurance Population program. The number of Australian facilities is limited and so is their capacity, so either additional local facilities would have to be found or built, or the program would have to be expanded to include overseas facilities (Jones et al., 2007; The Age, 21 October 2007). In the past, media accounts mentioned that 15 to 20 zoos in Europe and North America might receive Devils (Darby, 2007a; The Age, 21 October 2007).

A partial decision seems to have been made sometime in 2008 when the authorities stopped taking Devils from the wild for the Insurance Population, because all available Australian receiving facilities had been filled (Tasmanian Conservation Trust media release, 2009; Borrell, 2009). Implicit in this decision seems to have been the further decision to not include overseas institutions in the Insurance Population program.

Parenthetically, the last Devil in an overseas zoo was a seven and a half year old captive-bred male that died of cancer in the Fort Wayne Children’s Zoo 18 May 2004 (Associated Press, 13 September 2003; Rochester Sentinel, 19 May 2004; Mount Airy News, 20 May 2004; Fort Wayne News Sentinel, 20 May 2004; Fort Wayne Daily News, 15 February 2010).

Originally, young Devils were sent to two quarantine facilities: Taroona, a suburb of Hobart, which was to receive Devils from the west coast and Maria Island off the east coast, which was to receive only female Devils from the eastern part of the state. The Taroona facility still makes the news (Denholm, 2010), but Maria Island facility has not been mentioned in the media since November 2006 (ABC 7:30 Report, 20 November 2006). Recently, DPIPWE’s research and demonstration station near Cressy in the northern Midland’s has begun serving as a quarantine station as well (STTDP website: DPIPWE/ZAA Tasmanian Devil Insurance Population Workshop, 25-26 November, 2010, 26 November 2010).
A recent incident, however, suggests that the quarantine and export protocols put in place to control the spread of the disease seem to have failed spectacularly. In May 2010, two Tasmanian zoos outside the Insurance Population program, East Coast Natureworld and Tasmania Zoo, sent six young Devils to two mainland zoos, which were also not part of the program. Two young went to Hunter Valley Zoo in New South Wales and four to Peel Zoo in Western Australia. And in at least one case there was a “management fee” of $5000.00 for each of four Devils. The Tasmanian state government approved the export of the animals but when the case was brought to public attention, decided to henceforth limit export only to facilities in the program. Another three young Devils destined for Phillip Island Zoo, also not a participant in the Insurance Population program, apparently got caught up in the government’s change of mind (Duncan, 2010c-d; Towie, 2005; The Advertiser, 26 May 2010).
Although the authorities stop taking Devils from the wild for transport to existing facilities sometime in 2008, they are still taking them from the wild to seed new facilities, such as free range enclosures. For example, they apparently took 18 animals from the west coast sometime in 2010 in order to populate the free-range enclosure at Coles Bay in eastern Tasmania (ABC News, 29 April 2011).
Zoos

Zoos, because of their existing facilities and experience, were the first to receive Devils, and the first Devils in the program were shipped to four mainland facilities in December 2006 and January 2007 (Darby, 2006; Denholm, 2006a; Newsletter, February 2007). As of 27 September 2011, “more than 20” mainland and Tasmania zoos and quarantine facilities held more than 490 Devils (Boland, 2011; see also Newsletter, September 2011). The facilities now holding Devils under this program are: National Zoo and Aquarium and Tidbinbilla in the ACT; Australian Reptile Park, Symbio Wildlife Park, Taronga Western Plains Zoo, Taronga Zoo in New South Wales; Australia Zoo, Currumbin Wildlife Sanctuary, Dreamworld and Lone Pine Koala Park in Queensland; Adelaide Zoo, Cleland Wildlife Park, Gorge Wildlife Park and Monarto Zoological Park in South Australia; Devils@Cradle, Trowunna Wildlife Park and the Taroona and Cressy quarantine facilities in Tasmanian; Ballarat Wildlife Park, Halls Gap Wildlife Park and Zoo, Healesville Wildlife Sanctuary and Pearcedale Conservation Park in Victoria and Perth Zoo in Western Australia (STTDP website: Insurance population, 4 August 2011). In addition, at least one mainland zoo holding Devils implies that it is part of the Insurance Program, but it is not.

After the available zoos on mainland Australian have been saturated, the plan, at least originally, was to start shipping the animals to zoos in Europe, New Zealand and North America (Jones et al., 2007; The Age, 22 September 2007; PVHA, 2008).  But whether this is still part of the plan is not clear. Currently, the only Devils in captivity overseas are the two animals sent to Copenhagen Zoo in April 2006 to celebrate the birth of the first child of the Crown Prince of Denmark and his Tasmanian wife (The Age, 17 October 2005; AP Newswires, 17 October 2005; STTDP website: Trowunna devils join Insurance Population, 19 August 2011).
The first arrival of animals at a new zoo is often greeted with glowing publicity, as are most other subsequent “good news” and human interest news stories such as a suspected incipient breeding (ABC Newcastle, 10 February 2011), births (ABC, The World Today, 5 April 2007), old-age retirements (#) and even old-age deaths of “old favourites” (#). However, there is no information in the public domain to allow evaluation of how the individual animals in all the facilities are faring and hence determine how “well” this part of the program is working. 
Animal keepers often use breeding success as an indication of how good their facilities and husbandry practices are. There is no summary of how successful breeding is in the Insurance Population, and most zoos just report the total number of young in a breeding season and not the average number of young per mother (ABC News, 14 and 22 December 2011; Gloucester Advocate 22 December 2011). But some general information is indicative. Litter size, for example, tends to be lower in captivity than in the wild (p. #). And the number of mature females breeding in any one year also tends to be at the low end of the range observed in the wild. A senior keeper at one facility said in an article on the occasion of a 100 percent breeding rate in nine females that “usually they have only a 30 percent reproduction rate in captivity” (Kent, 2009; but < 30 percent according to Jones et al., 2007).

The main problem with zoos, of course, is that they expose the animals to a plethora of artificial conditions (Jones et al., 2007; H. McCallum, on ABC The World Today, 5 April 2007; McCallum and Jones, 2010), which any school child with an interest in Devils could enumerate at length. These conditions can affect not only individual behaviour but also long-term evolution through what is essentially domestication. In terms of short-term behaviour, for example, zoos are commercial organisations with families as clients and, therefore, have to ensure that Devils are active during the day, eat only a narrow range of pre-killed food, do not fight to the point of serious wounding, live in densities and social structures unlikely to occur in the wild and lose their fear of humans (Newsletter, March 2010). Furthermore, some zoos “hand-rear” the young (Bevin, 2007; Adelaide Now, 14/01/2012). This deprives them of the benefits of the mother’s milk and disrupts the mother-young interaction. And Devils have been sent to some zoos where the climate will exert additional selection pressures.  Indeed, the director of Tasmania’s conservation division has said that zoo animals would be “… incompetent to survive in the wild … (Duncan, 2010d).”
Another problem with zoos is that the species will lose their natural parasites and commensals and pick up exotic ones (Jones et al., 2007; McCallum and Jones, 2010).

A Tasmanian zoo has now kept Devils in captivity for 11 generations (STTDP website; Trowunna devils join Insurance Population, 19 August 2011; Newsletter, September 2011). Each successive generation, both in life and as specimens after death, becomes valuable for the insight it would provide into the effects of long-term captivity.

In an interesting observation with implications for Devils kept on public display, one experienced keeper noted that “Like most marsupials Devils cannot stand continuous exposure to full daylight. Ultimately this causes them to become blind (Fleay, 1935).” Another keeper noted that they may also suffer from solar dermatitis, sunburn and heat stress, as well as “pre-mature loss of vision (Kelly, 1993).”
Free range enclosures
Large free range enclosures (FREs) have been started in order to mitigate the recognised effects of the highly artificial environment of zoos. In Tasmania, this program is called Devil Island Project and on the mainland, in NSW, it is called Devil Ark.

In Tasmania, the first free range enclosure opened at Bicheno (12 ha, but effectively 11.3 ha) in 2008. The second enclosure opened at Bridport (22 ha) in 2010. And the third opened on the Freycinet Peninsula (reported variously as 22 or 27 ha) in April 2011 (STTDP Website: Insurance Devils settle into Freycinet FRE, 24 February 2011; Newsletter, March 2011; Devils to range free at Freycinet, Tasmanian government media release, 29 April 2011; STDP Annual Report 2010/11). A fourth is planned to open in 2012 at Tasmania Zoo at Riverside (22 ha; STDP Annual Report 2010/11. 
Bridport and Riverside are in the northeast part of the state and Bicheno and Freycinet Peninsula are in the central east (Newsletter, June 2010; STTDP Website: Three new free-range enclosures; 21 June 2010 and Insurance Devils settle into Freycinet FRE; 24 February 2011; Newsletter, March 2011).

The number of adult animals held at the Bicheno facility has been variously reported as 11 or 14 (Newsletter: June 2008, December 2009, Denholm, 2009 and Anonymous, 2009a; and Newsletter: December 2008, respectively), although the former number appears to be correct (Sinn et al., 2010). This represents a density of 91.7 Devils per km2 (97.8 per km2, if 500 m2 of holding pens are excluded) (Sinn et al., 2010). 
The Freycinet Peninsula facility was originally intended to house 21 individuals (STTDP website: Founder Devils home from mainland Insurance Population; 9 December 2010) but on opening actually housed 18 (STTDP Website: Insurance Devils settle into Freycinet FRE; 24 February 2011; Newsletter, March 2011; Devils to range free at Freycinet, Tasmanian government media release, 29 April 2011). Assuming an area of 22 ha instead of 27 ha as in earlier reports, this latter number represents a density of 82 Devils per km2. 
The number of animals held at Bridport has not been disclosed nor has the number of Devils planned for Riverside. At the end of 2011, however, the three established free range enclosures in Tasmania were said to have “over 50” Devils (STDP Annual Report 2010/11).
Recently, a series of free range enclosures have been built at a 350 ha site on the Australian mainland. The site is within a 500 ha private property at an elevation of 1300 m in the Barrington Tops in central New South Wales. When completed, this facility will have 13 to 40 enclosures ranging from 0.5 to 10 ha in size (Connell, 2010; Denholm, 2010d; Keene, 2011; ABC AM, 18 January 2011). It will start with 45 to 48 Devils, with plans to have 360 Devils by 2016 (Denholm, 2010d; ABC, AM, 18 January, 2011; Kelly, 2011a) and 900 or 1000, depending on accounts, by 2020 (Courtney, 2010; Newsletter, December 2010; Keene, 2011; Gloucester Advocate, 21 December 2011). The first announced stocking rates envisage six to eight Devils in enclosures of two to eight hectares (STDP Annual Report 2010/11). These rates represent a density of 75 to 400 animals per km2.
Large free range enclosures are certainly a more naturalistic environment than a zoo, but they are still highly artificial. For example, in the pioneering Bicheno enclosure, which is simply an enclosed grassland, the animals are fed, provided with dens, have little opportunity to catch and kill prey, are caught regularly for examination, and are maintained at densities 8 to 46 times higher than in wild populations. And at least some of the founding individuals already display changes in behaviour, such as being active during the day (STTDP Website: Maria Island translocation project, 21 June 2010: photo; Newsletter, June 2010: photo) and, in their interactions with humans, being less fearful, more aggressive and more difficult to handle (Sinn et al., 2010). 
And at the Devil’s Ark free range enclosure in the Barrington Tops area of New South Wales, the Devils are treated for parasites, ticks and worms (Kelly, 2011b), another form of artificial selection. The treatment for worms is of particular interest, because presumably it will also kill any Dasyurotaenia robusta, an endangered, and therefore protected, species of tapeworm known only to occur in Devils. 

There is also some suggestion that the size of the enclosure and the stocking density at Bicheno may not be adequate to allow some animals enough room to escape physical aggression (Sinn et al., 2010).

Some free range enclosures advertise themselves as containing a “wild population (Tyler et al., 2011).”

Fencing off natural populations
As yet no healthy population has been isolated within its own habitat, mainly for reasons of cost and sustainability. The authorities have, however, considered fencing off three disease-free populations that inhabit large areas largely surrounded by sea: Woolnorth in the northwest; Robbins Island (connected to the main island by an intertidal flat) also in the northwest, and Cape Sorrell Peninsula on the west coast (McCallum and Jones, 2010). But the double fence that would be required for the land part of the enclosure would be costly to build and maintain as it would have to be secure against potential breaches due to accidents (burrowing wombats, falling branches, flooding and erosion), cleverness (Devils) and malevolence (humans). It would also have to be acceptable to the local human population.

The most advanced of these three proposals is Woolnorth, a 22 000 ha property on the extreme northwest point of Tasmania with about 550 Devils (DPIPWE website, Assessing the impacts of broad-scale fencing, 26/8/2010; Denholm, 2010f). The project’s feasibility study was finished in March 2011 (STDP Annual Report 2010/11) and work on the 11 km long fence was to begin in the 2011/2012 financial year (ABC News, 23 June 2011). As of early November 2011, however, a decision was apparently still pending (A. Sharman, as reported in Darby, 2011).
A variant of the fencing idea is to isolate a diseased population such as the one on Freycinet Peninsula, cull all the Devils inside and restock with healthy Devils (H. McCallum, in Denholm, 2009e). This would require being certain that all diseased individuals, both symptomatic and asymptomatic, had been removed.
One enduring problem with the Insurance Population strategies on Tasmania itself is the threat of a diseased animal getting into the isolated area, either through its own accord or being placed there maliciously. In the absence of a diagnostic test for the pre-symptomatic stage of the disease, once a diseased animal was found in a captive group, it would compromise all the animals in the facility (McGlashan et al., 2007). Or as two applied ecologists, addressing the issue of the most efficient use of fencing, wrote: “A fence breach would require the removal of every devil from the enclosure (because their infection status would be unknown) and their replacement by new, uninfected individuals, which would be sourced from uninfected areas or other insurance populations (Bode and Wintle, 2009).”

And a breach is a not an imaginary concern. In 2006, an outbreak of facial tumour disease in three captive Devils at the Trowunna Wildlife Park was thought most likely to have occurred when an amorous wild male got into the facility during the mating season and then slipped out again undetected (Andrewartha and Campbell, 2006). 

This same facility had another animal develop the disease in 2009 (ABC News, 2 April 2009), but despite it raising some very interesting questions, no further information about it has been forthcoming. For example, does the outbreak represent another breach of the zoo’s biosecurity, or if the infected animal was in the zoo at the time of the original breach, could it have experienced a very long latency period?
Off-shore islands

Another early idea for isolating healthy Devils from the disease is to introduce them to as many as six of Tasmania’s off-shore islands, beginning with Maria Island some 4 km off the east coast  (N. Mooney, in Wood, 2003c; Martain, 2003; Whinnett, 2005; ABC, World Today, 5 March 2007, 5 April 2007; Cordingley, 2007; McGuirk, 2007; Neales, 2011). This decision was made, however, only after overcoming the concerns of some Aboriginal people and conservationists (Cordingley, 2007; McGuirk, 2007). 
Maria Island contains endangered species, and therefore the introduction of an animal not native to the island requires a permit from the Commonwealth Government. The Tasmanian authorities submitted their application in early December 2011 (Neales, 2011; Paine, 2011). 
The Maria Island Translocation Project began with a baseline survey of those resident native species, such as the ground-nesting seabirds, that may be affected by the Devils. The survey will be followed by the release of up to 80 animals of a representative sex and age structure, the males of which will be sterilised beforehand (ABC News, 19 March 2010; Newsletter, June 2010; STTDP Website: Insurance population, 12 October 2010; Denholm, 2010; Neales, 2011). The impact of the Devils on other species and the impact of the island on the Devil will then be monitored. Then, if all goes according to expectations, a group of healthy Devils will be released to establish a breeding population.  Devils would be but the latest exotic species to be released on Maria Island and become established, joining Brown Bandicoots, Barred Bandicoots, Eastern Bettongs, Brush-tailed Possums, Common Wombats, Bennett’s Wallabies, Forester Kangaroos and Emus, Tasmanian Native Hens and Cape Barren Geese already in the menagerie (Rounsevell, 1989; N. Mooney, in Wood, 2003c; Newsletter, June 2010).
Proponents of the Maria Island introduction say it will help in defining the Devil’s “functioning” role in the wild (Newsletter: June 2010). Perhaps. But it would be interesting to know what specific questions can be answered better through an “introduction” to an island than through the many disease-driven “removals” occurring on the main island.

The only other islands to which Devils might be introduced have only recently been mentioned: King Island in western Bass Strait and Prime Seal Island just to the west of Flinders Island in eastern Bass Strait (Paine, 2011).

The idea that Devils should be translocated to one or more off-shore islands as part of the Insurance Population was in the air as early as 2003 (Jones, 2003; Martain, 2003; McManus, 2003; Wood, 2003c) and was discussed seriously as early as February 2005 (ABC News in Science, 7 February 2005; Newsletter, May 2010; McCallum, 2007; McGlashan et al., 2007). But in that the removal of the 120-130 individuals comprising the introduced Devil population on Badger Island (p. #), also off the west coast of Flinders Island, may not have been completed until sometime shortly before August 2007 (N. Mooney, in Hawkins et al., 2008), the authorities appear to have been talking about taking Devils off one island at the same time they were talking about introducing them onto other islands. 
The reasons for the animals’ removal from Badger Island were never made entirely clear. It seems the local Aboriginal people may have had concerns about the appropriateness of the animals’ being on the island. And in May 2004 there was a concern that the population might have been infected with DFTD. There were no old males and one Devil had what appeared, on visual inspection, to be typical facial disease type tumours (Hawkins et al., 2006: appendix 1). But what the authorities actually found when they removed the Devils has never been made public. If the population was truly affected and was founded on the basis of only one introduction in the mid-1990s (p. #), that is, around the same time as the disease was first noted on the main island, then it suggests that either the founding animals came from the Mt William area, where the disease was first noticed in 1996, or the disease was more widespread in the northeast than currently thought.

Two female Devils with their young were sent from the Badger Island population to the free range enclosure at Bicheno (Radio National, Innovations: Devil Island Project, 26 May 2008). But what happened to the rest of the animals is unclear. And parenthetically, the fact that animals were sent to Tasmania from this population, suggests that it may not have been affected by facial tumour disease after all.
Captive Breeding Strategy
For the moment, the breeding strategy of the Insurance Population program is to maintain most (90 or 95 percent depending on report) of the existing genetic diversity in Devils. It is not to make “improvements” in the stock, even in its resistance to facial tumour disease, because selection for single characteristics, such as tumour resistance, may have detrimental consequences for other parts of the genome (PHVA, 2008; Siddle et al., 2010).
The Insurance Population effectively constitutes a metapopulation, that is, a series of separate populations loosely connected, in this case by human agency. As the population grows, records will be needed of each Devil’s location, health, breeding history and genetics in order to maximise each animal’s genetic utility within the metapopulation. And as the captive population has the potential to grow rapidly, even with modest reproductive success, decisions will have to be made about which Devils will be allowed to breed and which will not. There is an existing stud book for Devils, maintained by the Healesville Wildlife Sanctuary (DPIWE, 2005b), and presumably it has been expanded to keep track of all the animals in the Insurance Population (J. Hockley, ABC Rural, Bush Telegraph, 20 September 2011).
Extensive logistics will also be required, as animals will have to be shipped between facilities. And all this record keeping will have to be maintained indefinitely, perhaps for the rest of the species existence.
Breeding for Resistance

Astoundingly, one zoo in Tasmania has recently advertised itself as “… attempting to selectively breed devils with resistance to DFTD (Tyler et al., 2011).” Considering that the STTDP has only recently acknowledged the existence of apparently resistant Devils in the wild, this project by a local zoo seems incongruous. Where did they get their breeding animals; how do they know the individuals are resistant, and how will they determine whether they have bred resistant offspring?

Gamete Banking

The harvesting and preservation of gametes is a common conservation measure for preserving the genetic diversity of species, and experiments have begun on preservation techniques for both the sperm and eggs of Devils (Ogilvie, 2011). With regard to sperm, researchers have experimented with various solutions for storing sperm over the short term. The work achieved viability ratings of between 61 and 77 precent after 12 h (Keeley et al., 2011; Platt, 2011b). 
With regard to eggs, another group has experimented with the vitrification of the Devil’s granulosa-oocyte complex. Vitrification involves the diffusion of cryoprotectants into the cell, followed by rapid cooling which leads to a solid, glass-like structure that allows long term cold storage. The experiment had a success rate, defined as viability post-thawing, of about 70 percent (Czarny and Rodger, 2010).
In 2011, a joint venture between the reproductive research facility of the commercially-based Busch Gardens in the US and the Taronga Conservation Society Australia set up the first gamete bank for Devils at the Taronga Western Plains Zoo in Dubbo, New South Wales (Platt, 2011b). Media reports suggest the bank will begin by storing sperm (Jeter, 2009; Kempton, 2011).  Interestingly, the facility was first mooted in mid-July 2009 (Jeter, 2009), but it has never been mentioned on the STTDP website. A critical question associated with any gamete bank is who “owns” the gametes and off-spring produced from them. This question remains to be clarified in the case of the Devil’s gamete bank.
A disease suppression experiment on the Forestier Peninsula that ran for years (below) apparently included “gamete rescue from the culled animals (Keeley et al., 2011).” But the precise purpose of the rescue, and the fate of the “rescued” gametes are unclear.
Disease Suppression

An early idea about how to deal with the disease in natural populations where movement into and out of the population could be controlled was to remove the affected animals already in the population and prevent affected animals from entering it. The idea was that this could lower the prevalence of the disease if not eliminate it entirely.

The population on Forestier Peninsula provided such an opportunity. The peninsula, actually the first of two tandem peninsulas (Forestier and Tasman), was originally connected to the mainland by a very narrow spit. But in 1905 the isthmus was breached by the narrow but deep and fast-flowing Denison Canal, and reconnected by a vehicular bridge. Today, therefore, virtually all terrestrial species can only enter or leave the peninsula over the bridge, unless they are accustomed to swimming, which seems not to be the case with Devils (p. #).
In June or July 2004, depending on accounts, researchers began a pilot project to cull all Devils judged, by visual inspection, to be infected. This involved two ten day trips per year (STTDP website: Wild management, 4 August 2011; Beeton and McCallum, 2011a; Hamede et al., 2011). This was followed in January 2006 by a more intensive effort, involving four trips per year (Jones et al., 2007; Lachish et al., 2010a; STTDP website: Nipping DFTD in the bud, 24 August 2010; Beeton and McCallum, 2011a). The culling apparently involved animals as young as 1.5 y of age (Keeley et al., 2011).
Initially, the removal program seemed to be working (S. Smith, in Denholm, 2006a; Dennis, 2006; Jones et al., 2007: fig. 2; H. McCallum, on ABC, The World Today, 5 March 2007). But by April 2009, the researchers concluded it wasn’t working after all (Hamede et al., 2009; Lachish et al., 2010a). Nevertheless, they decided to keep it going, in the hope that more frequent trapping might work. In May 2010, the trapping times were increased from tri-monthly to monthly in order to catch animals before the lesions broke through the skin or mouth lining and become infectious (DPIPWE website: Nipping DFTD in the bud, 24 August 2010; Newsletter, September 2010). 
In August 2010, a media story said the program now appeared to be working (Denholm, 2010; see also Bender, 2010), apparently on the criterion that the population was larger than modelling predicted it would be in the absence of culling (DPIPWE, 2010). In November 2010, however, the program was reviewed again, and in December 2010, it was announced it would be stopped due to lack of effectiveness. The population was still declining (STTDP website: Disease suppression winds down, 22 December 2010; Newsletter, 2011). The estimated cost of this suppression program was “in excess” of $ 200 000 per year (Beeton and McCallum, 2011a; see also ABC, The World Today, 5 March 2007; Waterhouse, 2007). The entire program, therefore, cost more than $ 1 00 000 dollars.
A practical problem with the program was that a certain proportion of the Devil population, possibly as much as 20 - 25 percent, never entered the traps and hence constituted a persistent reservoir for the disease (Newsletter, June 2009, December 2009; Lachish et al., 2010a; STTDP Website: “Pavlov’s Devil,” 17 February 2011). Interestingly, the possibility that some Devils might be “trap shy” was realised as early as May 2007 (Johnston, 2007). Once researchers realised that some devils are trap shy they began working on other trapping techniques and traps to try and catch animals reluctant to enter the standard trap (Newsletter, June 2009, December 2009). The results of this work are unknown.
There were also two general concerns about the suppression program. First, it was removing individuals that might actually live long enough to breed at least once (McCallum and Jones, 2006; Lachish et al., 2007). And second, it was removing animals with any sign of tumours, including any animals that might have had a slight genetically based resistance to the disease (ABC PM, 9 June 2008 see also R. Hamede, in Johnston, 2007). A counter-consideration, however, was that culling of diseased, that is manifestly genetically susceptible, animals might increase the chances of matings between any genetically resistant devils (Beeton and McCalllum, 2011).
Curiously, just three months after the program was stopped, modelling concluded that for this suppression program to have had any chance of being effective, culling would have had to be carried out almost continuously and hence at logistically unrealistic intensity (Beeton and McCallum, 2011a). The modelling suggested that “almost all of the infectious devils (around 96 %) would need to be removed on a regular basis to stop the disease (Betton and McCallum, 2011b).” The study commented that as a disease management strategy for wildlife, culling should only be attempted once appropriate models have shown that it is likely to be effective (Beeton and McCallum, 2011a). Considering the conclusiveness of the post-facto modelling, presumably any pre-facto modelling of the Devil suppression program, based on less knowledge, would have given an even more pessimistic chance of its likely success. 
It is also interesting to note that if the disease does spread in a frequency dependent manner, which has been thought to be the case since 2008 (Hamede et al., 2008, 2009; McCallum et al., 2009), then “culling to reduce host density is not a viable management strategy (Hamede et al., 2011).” Nonetheless the culling program continued for two years after frequency dependent transmission was accepted as the most likely mode of spread. 
Release Back into the Wild

If Devils are ever released back into the wild, it would be desirable to know how they will fare after having spent time in captivity. To test this, some (all?) of the pouch young of females euthanased in the removal experiment on the Forestier Peninsula were hand-reared until nearly a year old and then returned to the general area where their mothers were captured. The “orphans” were fitted with electronic collars and micro-chipped so their movements could be traced. 
The first release of animals under this program was in two groups of four, one at the end of 2007 and the other over the following few weeks (ABC News Online, 6 December 2007; Tyler et al., 2011). There was second release in May 2008 (STTDP Website: Sobering roadkill trials; 5 October 2010), but the number of animals released was not disclosed. There was a third release sometime in 2009, but again the number of animals involved was not disclosed. It is unclear if there have been any subsequent releases. It is also unclear just how many animals in total have been released, although as of June 2010 it was said to be “more than 20 (Newsletter, June 2010).”
The results of this experiment have not yet been published, but some snippets are available from media reports. Within four months of their release, three of the eight Devils in the first release had been killed on the road; two had disappeared and were presumed dead, and three were still alive (STTDP Website: Sobering roadkill trials; 5 October 2010). And in the first half of 2010, at least two females from an unspecified release were carrying pouch young (Newsletter, 2010). To judge the effectiveness of this release program, it will be necessary to know the fate of similar cohorts of animals left in the wild in the same area over the same period of time. 
Release “back into the wild” in any area that had had the disease would have to be predicated on the virtually certainty that all the diseased Devils in the area had been removed, either by disease or human agency. Because if even one diseased Devil were over-looked, the release would be compromised and the time and money expended on it wasted.

Translocation

From time to time, the suggestion is made to translocate Devils from one part of their current range to another part. For example, if some populations prove to be immune to the disease, some individuals from those populations or their captive bred progeny could be transferred to populations susceptible to the disease in an effort to “strengthen” them (McCallum, 2008b; A. Sharman and M. Jones, on ABC, The World Today, 1 January 2009; M. Jones, on ABC, Stateline Tasmania, 13 November, 2009, and ABC News, 14 November 2009; K. Belov, on ABC Science Online, 10 March 2010; Jones and McCallum, 2011). Similarly, diseased Devils could be removed from an area and replaced with disease-free Devils (STDP Annual Report 2010/11).
This raises an issue common to all translocation programs: do we want to disrupt the natural pattern of genetic variation (Lachish et al., 2010#), which is, after all, as much a part of what the Devil is as its geographic variation in colour pattern and body weight. If we are interested in saving a Devil that continues to be shaped by natural processes, then the answer about whether to translocate would be “no.” But if we are simply interested in saving any human-modified creature that has genealogical continuity with the pre-disease Devil no matter what it may look or act like, then the answer might be “yes.”  And in this context, it is worth remembering that the Save the Tasmanian Devil program will deem itself a success if it ends up saving a “functional” Devil, whatever that may mean eventually.
Re-introduction to the Mainland

Some scientists have suggested that the Tasmanian Devil should be “re-introduced” to mainland Australia. They give two reasons. The first is that Devils might help suppress the many exotic species that wreak havoc on the remnant native fauna. The main target species would be predators such as cats and foxes and herbivores such as rabbits (M. Jones, in Wood, 2003c; Johnson and Wroe, 2003; Wroe and Johnson, 2003; Johnson, 2006).
The second argument for re-introduction to the mainland is to help save the Devils themselves by giving them a refuge free not only of facial tumour disease but all the artificial aspects of even the largest free range enclosures to say nothing of zoos (Johnson, 2007; M. Jones, on ABC News, 6 July 2011).  

There are two issues inherent in this idea. First, would Devils “take” if released on the mainland? The answer to this is related to what made Devils go extinct on the mainland in the first place, because, if the causative factors are still operative, it would be pointless to try and “put Devils back.” Some have suggested releasing them in places with no dingoes and ongoing fox control (M. Jones, on ABC News, 6 July 2011), showing a belief that dingoes may have been at least partly responsible for their disappearance from the mainland in the first place But the fact is, there is simply no clear understanding why Devils disappeared from the mainland (p. #).

The second issue is just how effective Devils would be in suppressing exotic species. The answer to this question lies in the effectiveness of Devils in limiting the abundance of exotic species in Tasmania, such as cats and rabbits.
Devils would almost certainly eat the un-guarded nest young of cats. They would probably also eat adults, but they are unlikely to catch many. Devils probably interfere with cats at large carcasses, but as cats do not appear to be particularly dependent on such carcasses this may not be an important interaction. Nonetheless, there is some spotlight survey evidence that cat numbers have been slowly increasing as Devil numbers decline (Jones et al., 2007: fig.3). 
How Devils might go with foxes is problematic, as foxes have a yet to build to any great numbers in Tasmanian. Some observers believe the absence/low density of foxes, despite apparent repeated introductions, is due to the very presence of a robust Devil population. It does seem likely that Devils would eat fox cubs, compete (favourably?) with them for dens, and perhaps scare them off carcasses. Perhaps one of the large free-range enclosures planned for Devils, especially the one on the mainland, could be used to test some of the assumptions about Devil/fox interactions.

Devils would almost certainly also eat rabbit young in their nest as well as any adults they might catch. And at some localities, rabbits seem to form the major food item (Guiler, 1964). But if Devils have had an impact on rabbit numbers in Tasmania, it may not be very great, because rabbits numbers were high even when Devil numbers were high just prior to the onset of facial tumour disease. 

In terms of total effect, therefore, Devils might contribute in a small way to the suppression of these three exotic species on the mainland, but whether it would be worth the effort seems problematic.

The re-introduction of the Devil to the mainland for its own sake, even if it were to “take,” again raises questions about the point of conservation. If it is to maintain continuous breeding populations of a species’ in its natural habitat, then the re-introduction of a species to an area where it went extinct naturally is nothing more than human meddling. But if it is simply to maintain continuous breeding populations anywhere in the world under any conditions, then it would fit the bill. The latter view, however, opens up a continuum of possibilities each with its own list of, typically, unexamined assumptions about the purpose of conservation. 
Where Are All the Bodies?
The fact that the diseased Devils in the Forestier Peninsula removal experiment are euthanased (J. Hamilton, in McGlashan et al., 2006; Woods et al., 2007) raises the issue of what happens not only to these dead animals, but to all the other dead animals that may pass through the hands of researchers, wildlife authorities and zoo keepers. There is little information on this issue in the public domain. To be sure, some bodies are used in research (Woods et al., 2007) and ear tissue samples have been routinely taken since 1999 (Newsletter, September 2010; Unitas, October 2010). But it is not clear what happens to the bodies that are not used for other purposes or the tissue-sampled carcasses. It is known, however, that “Cedric” was buried for biosecurity reasons (ABC News, 24 September 2010).
So far, the only publicly available information on the number of culled or “removed” Devils is 145 animals from Forestier Peninsula as of April 2009 (Lachish et al., 2010a) and 120-130 Devils from Badger Island (N. Mooney, in Hawkins et al., 2008; PHVA, 2008), respectively.  In the latter case, two females and their young went sent as foundation stock for the first free range enclosure at Bicheno (Radio Australia- Innovations – Devil Island Project; 26 May 2008), but what happened to the rest is unknown.
If the authorities truly believe that the Devil is headed for extinction, then it would seem prudent, if not mandatory, to provide for the culled Devils to go into either existing museums or a special-built facility.

Surprisingly little is know about the ontogenetic, sexual and geographic variation in Devils and the culled Devils might provide our last chance to assess this variation. Furthermore, specimens from the wild represent a time capsule of many aspects of Devils’ biology and, in some cases, the systemic effects of disease. And specimens that die in zoos will show any physical effects that may be caused by a captive life.
And how many Devils should be preserved? The answer must surely be: about the same number of Tasmanian Tigers we now wished had been preserved when they were still common. This would surely be on the order of several hundred.
There is also a problem, of course, of what to do with Devils that become old and infirm in the Insurance Population, a problem that will increase as the number of captive Devils increases. So far, only one facility, Kyabram, a zoo in Victoria, has offered to take at least some aged animals for use in an educational program (ABC News, 18 January 2010). But if the Insurance Program becomes saturated or reaches it projected numbers, unless breeding is curtailed, there will be more Devils in captivity than can be accommodated. And of course, curtailing breeding is yet another form of artificial selection.
Test for Disease at a Pre-symptomatic Stage

A diagnostic test for Devil facial tumour disease before it becomes obvious by visual inspection would, of course, be a great help in combating the disease. Such a test has been a goal of researchers since the beginning of the fight against the disease. 
In July 2007 researchers at the University of Tasmanian and what was then called the DPIW were awarded $ 85 000 to search for blood serum protein markers that could be used for pre-clinical diagnosis (ABC News, 24 May 2007). The payoff seemed to come when, on 2 April 2009, the University of Tasmania announced that researchers in the university’s Australian Centre for Research on Separation Science within the School of Chemistry had developed a blood test for the disease. The test was said to be “… fast, taking about three to four hours to produce a result,” “non-invasive,” requiring only “…one drop of blood from an ear prick,” and not requiring “a PhD to use it.” However, an additional “six months” would be required to “validate” the research (Newsletter, June 2009). Not withstanding, one of the principle researchers described the work as a “definite breakthrough (Tedmanson, 2009).” At the end of 2009, the test, said to be akin to a PSA test for prostate cancer, was reported as “still undergoing scientific validation” (Denholm, 2010a). And in August 2010 it was still undergoing “validation” but with the hope of delivery “by the end of the year” (Denholm, 2010f). This seemingly inordinate delay brings to mind the somewhat enigmatic comment made by the Save the Tasmanian Devil Program manager in the middle of 2009 as to whether the test was “ … indicative of just DFTD, or is it indicative of some other process going on with the devils (ABC Online. Stateline Tasmania, 1 May 2009)?”
The key to developing a diagnostic test for the disease is, of course, ultimately dependent on finding some biologically active entity or marker in diseased animals that is not present in healthy animals. In the case of the blood test we don’t know what that “something” is.  But research on the cell type (Schwann cell) in which the tumour seems to have arisen, has identified a unique gene whose protein product, periaxin, may provide the basis for a diagnostic test for both very small tumours and their metastases (Murchison et al., 2010; Tovar et al., 2011). It remains to be seen, however, whether a field test for the disease can be developed based on this unique marker. In any event, a diagnostic test based on the gene would still not provide a means of recognising pre-symptomatic Devils.

At one stage, a researcher set out to examine the possibility that the tumour might affect the structure or chemical constituents of the Devil’s hair and thereby serve as an early indicator of the disease, as was thought to be case with the hair of human breast cancer patients (Church et al., 2007; CSIRO media release, 4 June 2007; Radio Australia. Innovations, 13 August 2007; Newsletter, August 2007). The only thing that came of this work, however, was a detailed description of  the ultrastructure and chemical composition of Devil hair, but with no word about any diagnostic potential (Church, 2009)

Latency Period

There are two ways to define the effective latency period. The first is the actual length of time after infection that an animal itself becomes infective. And the second is the length of time after infection that an animal develops the first symptoms, usually small bumps or nodules.

With regard to first definition, there is circumstantial evidence that the infection can be transmitted in as little within three to seven weeks. In all likelihood, a Tasmanian zoo Devil that was infected sometime in May infected another Devil in the zoo on the 20th of June (Andrewartha and Campbell, 2006). Hence, depending on when the initial infection occurred, the period within which the infection was transmitted was between 20 and 51 days. 
With regard to the second definition, most estimates of the latency period are about six months (Pyecroft et al., 2007), but these estimates have never been supported by a specific analysis. The shortest period is three months (12 weeks) and the longest period is ten months. The shortest period is based on an animal experimentally injected with live cells (“Clinky,” below; Obendorf and McGlashan, 2008) and the longest period (Andrewartha and Campbell, 2006; McCallum et al., 2007, 2009; PHVA, 2008) is presumably based on a “post-weaning” juvenile brought into quarantine as part of the Insurance Population program (Bevilacqua, 2005a; McGlashan et al., 2006). 
According to a media story about another animal (“Cedric,” below) experimentally injected with live tumour cells, tumours developed at the injection sites in a little over five months (Foley, 2009; UTas media release, 1 September 2010).
Lastly, there is a suggestion that the latency period may be “strongly” dependent on the mode of transmission from one individual to another (McCallum et al., 2009). This comment was in reference to a paper published in 2007 (Pyecroft et al., 2007). But the cited work allows no such inference to be drawn, and no further details have been published.
Vaccine

As early as February 2007, researchers were “actively” pursuing a vaccine against the Devil’s facial tumour (McGlashan et al., 2007), and this goal is constantly in front of immunologists working on the disease. But to date, they have made little headway. 
A vaccine, furthermore, would be difficult both to develop and to deliver. Medical researchers have only been able to develop a protective vaccine against a few cancers, and then only ones caused by viruses. There are, as yet, no vaccines for cancers arising from a mutation in a cell, the closest analogue for the Devil’s facial cancer. The main technical problem is how to get the body’s immune response to recognise a vaccine, when it can not recognise the cancer itself (McCallum, 2008). In contrast, viruses differ more from the hosts own cells to begin with and therefore make it easier to make vaccines that amplify the host’s natural immune response. 
Currently immunologists are looking at two ways to attack the cancer with a vaccine. One is to “modify … [the] tumour cell or try to do something to make … [the] tumour look different to the Devil’s own immune system so that it will respond (A. Kreiss, on ABC News 24 September 2010).” The second is to immunise “… against a protein that is expressed by the tumour but not by normal devils (J. Graves, in Australian R&D Review, February 2010).
There is also the practical matter of how a vaccine, or any other therapy for that matter, could be delivered to enough animals to make it effective in the wild. To be most effective, it would have to be delivered in a bait and as a single dose.
Therapeutic Treatments
Researchers continue to trial other therapies as well. In October 2008, a private consulting company announced online that the Tasmanian government had funded a collaborative project (with University of Sydney and DPIW researchers) to investigate “chemotherapy agents effective against the Tasmanian Devil Facial Tumour,” especially those used successfully in a transmissible cancer in dogs (Veterinary Oncology Consultants, 21 October 2008). This work actually began in August 2008 and is now being written up (D. Phelan and Moore, pers. comms). In late 2009, immunologists mentioned that cytotoxic drugs could kill the tumour cells, but “…when trialled on diseased Devils the chemotherapy was [only?] partially effective (Menzies Research Institute Annual Report, 2009). A March 2010 media story based on a visit and interviews with the staff at the quarantine facility at Taroona on the outskirts of Hobart mentioned in passing that “chemotherapy trials are being carried out at other sites [note plural] (Smith, 2010).” The DPIPWE’s annual report for 2010 noted that “chemotherapy drugs have proven to be ineffective in treating tumours in devils and this work is close to completion,” but [t]rials will commence in 2010 on new therapeutic drugs which have proved highly effective in treating cancers in dogs.” And most recently, the STTDP’s annual report for 2010/11 listed among projects to be undertaken in the 2011/12 financial year, “chemotherapy/treatment trials for devils with DFTD.”
In 2010, immunologists succeeded in getting facial tumour cells to grown in immuno-deficient lab mice (Kreiss et al., 2010). This should facilitate trials of different tests and treatments for the cancer.
Auxiliary Conservation Measures

With Devil numbers declining steadily from facial tumour disease, every surviving Devil becomes increasingly important in the future of the species. Hence the concern with other sources of mortality, such as baiting programs to kill wild dogs and foxes, which are also carnivores, and roads.

Baiting for foxes

Currently, there is a broad scale program to bait canids, especially foxes. This involves inserting 3 mg of the poison 1080 into pieces of processed or kangaroo meat and spreading them across the landscape at a density of about 200 m apart. Devils, being scavengers, will of course find and eat these baits. Luckily, however, Devils are much less susceptible to 1080 than are foxes. The LD 50 for1080 for Devils is 4.2 mg/kg whereas for foxes it is 0.10 mg/kg (data from RSPCA, cited in DPIPWE 2010; see also Ross, 2008). A Devil, therefore, needs to eat ten times the amount needed to kill a fox (Duncan, 2010a). The dosage and bait size are adjusted so that a fox will be killed by finding and eating only one bait, but a Devil would have to find and eat at least 10 baits every two or three days, the time it takes for the poison to be largely metabolised.
Curtailing road deaths

There are two concerns about the impact of roads on Devils. The first is the establishment of new roads into currently disease-free areas, such as the Tarkine. Devils move along roads, no doubt for the same reasons humans do – easier access, and hence a new road into a disease-free area is likely to increase the rate at which the disease moves into an area (Hawkins et al., 2005, as cited in Obendorf and McGlashan, 2008).

The second issue with roads is that when existing dirt roads are up-graded, that is, sealed, widened and straightened, vehicular speeds increase, leading to an increase in the number of Devils being killed. The authorities believe this source of Devil mortality can be mitigated, at least in some areas, by keeping the sealed part of the road narrow, laying a pale coloured seal (making Devils more conspicuous) and erecting signage (ABC News, 16 April 2011).
Animal Welfare Insights
Although observers occasionally express a belief about the intensity of a diseased wild Devil’s suffering, no one has described the basis for their belief.  Human observers certainly find the Devil’s facial lesions horrific to look at, and it is easy to imagine the kind of physical pain they might cause in a human. But if any species raises an issue of whether all animals experience physical pain and suffering in the same way it is the Devil. For not only is severe wounding in intraspecific interactions part of its normal life, Devils can behave in a seemingly quite normal manner, despite horrific wounds. It is possible, therefore, that Devils have a very high threshold for physical pain, which may serve them well in dealing with the disease.

Devils may also have a strong recuperative capacity, as one keeper has described their healing powers as “remarkable (Kelly, 1993).”

The Save the Tasmanian Devil Program’s policy on when to euthanase diseased wild animals is not explicitly in the public domain, but a veterinarian associated with the program notes that “the current position is to euthanase infected males, but females must be treated on their merits (Wells, 2010).” it would make good sense not to euthanase on welfare grounds as long as an individual may be able to contribute to the next generation, say a male with tiny, non-infectious, tumours just before the mating season or a female with advanced tumours but with a chance of getting off her current litter of young. This seems to be the practical policy, at least with female Devils (Denholm, 2010; Wells, 2010; STTDP website: 6233 2006, 31 May 2011).
Consequences of the Devil’s Extinction

What would happen if the Devil went extinct in the wild? Tentative signs are said to be evident already from areas where Devil populations have declined substantially, although these may only be short to medium term effects that will be effaced as other animals start taking advantage of the Devil’s absence. 

Perhaps the most noticeable immediate effect would be the longer time the bodies of dead animals, both native and exotic, would remain in the landscape. Instead of being cleaned up over one or a few nights, they might linger for as long as they do on the mainland, as only less efficient scavengers would be working on them. As early as October 2003, there were anecdotal accounts of increased numbers of carcasses where Devil numbers had declined (Young, 2003; Hawkins et al., 2006). And it is now estimated that each day, 100 tonnes of carcasses are added to the Tasmanian landscape that Devils would have otherwise eaten (Mooney, 2006; N. Mooney, in Brennan, 2007; Newsletter, May 2007). 
In terms of the impact on living species, pressure might come off those species whose young the Devil probably preys on, including indigenous species such as the two quolls and introduced species such as cats, foxes and rabbits (Mooney, 1992; Hawkins et al., 2006; McCallum and Jones, 2006). 
The pressure might also be relieved on the Devil’s competitors, such as the adults of the indigenous forest ravens and the two quolls as well as the introduced cats and foxes (Hawkins et al., 2006). In some areas where Devils have declined, there are anecdotal reports that the number of Spotted-tailed Quolls has increased (ABC News in Science, 7 February 2005; N. Mooney, in Brennan, 2007; Johnston, 2007; N. Mooney, on Radio Australia, Innovations, 18 May 2009) and even firmer evidence the number of cats has increased (Young, 2003; D. Obendorf, in Hobart Mercury, 2005; N. Mooney, in Brennan, 2007; Jones et al., 2007: fig 3; Bester, 2009; Denholm, 2010f; Paine, 2012). In contrast, the Eastern Quoll has shown “dramatic declines” coinciding with Devil’s decline (Hollings et al., 2011).
There have been sporadic reports of foxes in Tasmania for many years (I saw one in the central highlands in 1975), but they have never become established. And one reason is thought to be predation and competition by Devils (Hawkins et al., 2006).

Some researchers believe that if the Devil goes extinct, other native species will do so as well. The STTDP’s website asserts that the fox could endanger seven of its possibly 70 prey species in the Tasmanian landscape (Newsletter, May 2007; see also N. Mooney, in Brennan, 2007). And the STTDP’s Senior Scientist at the time suggested that four other, unnamed, species would follow the Devil into extinction (H. McCallum, on Radio National, Innovation, 18 May 2009). Subsequently, another Tasmanian wildlife biologist named the likely candidates for extinction as the Eastern Quoll, Tasmanian Bettong, Eastern Barred Bandicoot and Tasmanian (or Red-bellied) Pademelon (The Mercury, 27 May 2011; see also Johnson, 2007).  
From the human perspective, however, Tasmania would lose its most widely recognised living animal. And if tourists viewed the state government’s efforts to “save the Devil” as inadequate, the state’s image might be tarnished further, adding to the calumny of the loss of the Thylacine in the last century.
Spread to other species

Some researchers are concerned that the disease could spread to other species (E. Murchison, on BBC News, 27 June 2011), the most likely candidates being, presumably, one of the two species of quoll in Tasmania. This is only likely to happen if an infected Devil were to bite a quoll; the quoll survived; the tumour cells were able to avoid detection by the quoll’s immune response, and the tumour cells found a congenial location in an organ that would facilitate transmission from one quoll to another, such as in and around the mouth or perhaps more likely in this less socially “bitey” species, the reproductive organs. This seems like a big ask.
An Immune Response?

The best possible outcome in the fight against Devil Facial Tumour Disease, of course, would be to discover that some individuals or populations in the wild were immune to the disease. Indeed, in September 2008, the STTDP’s Senior Scientist wrote that “it is clear that if some animals are resistant to the disease, this will totally change the overall management strategy for the disease and the prognosis for the species as a whole (Anonymous, 2008b; see also A. Kreiss, on ABC, The World Today, 1 January 2009; H. McCallum, in Smith, 2010).”

In fact, it appears as if some individuals are able to mount an immune response and possibly even resist the disease. But it is easy to form the opinion that much of what is known is not being released.

Researchers may have first realised that some wild Devils might be at least somewhat resistant to the disease in June 2005, when field workers found one individual that had lived with the disease much longer than other Devils, nearly one year (Dennis, 2006). And this view could have been reinforced by the subsequent discovery of two more individuals described as “partly resistant,” presumably on the same criterion as the earlier animal, longevity (Dennis, 2006). These three animals have never been mentioned again.

Researchers definitely become aware of resistant individuals in the wild in late 2006 or early 2007 when they discovered that two Devils sent from the “Cradle Mountain area” had antibodies to the disease. However, researchers only reported this discovery publicly in early July 2008 at a specialists’ meeting (PHVA, 2008), although a Tasmanian government press release of 29 May 2008 noted that “several wild caught devils from … [a western] area have already developed antibodies to the tumour (Tasmanian Government Media Release, 29 May 2008; see also Menzies Medical Institute and UTas Media Releases, 2 June 2008). And not only were the Devils from the “Cradle Mountain area” carrying antibodies, they remained alive and symptom free for three years (R. Hamede, on ABC, The World Today, 1 January 2009; see also Hamede et al., 2011). Note: The discrepancy between the time the Devils can be inferred to have had their antibodies detected on the basis of the media (two years) and the time they are said to have remained alive afterwards (three years) can not be reconciled with information in the public domain.
Beginning in late 2006 or early 2007, therefore, researchers would have had a clear incentive, if one had been needed, to begin working on the immunity of Devils to facial tumour disease. This work developed along three lines: efforts to stimulate an immune response; the genetic basis of the apparent different abilities of Devils to mount an immune response, and field surveys to identify resistant individuals and populations.
Stimulating an Immune Response
In early 2007, immunologists began an experiment to test the immune response of healthy Devils by inoculating two individuals with tumour cells. For months, this highly publicised experiment would bolster the public’s hopes about the Devil’s long term survival. But what began in hope ended in tears.

The experiment involved Devils named Cedric and Clinky (most Devils that come into contact with humans for any length of time get names). They were half-brothers born in captivity. They had the same mother but different fathers (Rex, 2008). Their mother was from the west coast (Woolnorth; Miller et al., 2011). Cedric’s father was also from the west coast (Arthur River Region; University of Tasmania media release, 1 September 2010; Miller et al., 2011). The provenance of Clinky’s father was never explicitly stated, but it must have been from eastern Tasmania, because Clinky was reported as having “eastern” genes (Obendorf and McGlashan, 2008). 

Sometime in March 2007 (ABC News, 24 March 2007; ABC AM, 31/ March 2008; ABC The World Today, 1 January 2009) immunologists injected the two Devils three times in the cheek (Rex, 2008) with irradiated, that is, dead, Devil facial tumour cells from strain 2. Cedric developed “high titres of tumour-specific antibody” “within a couple of weeks” but Clinky did not (Obendorf and McGlashan, 2008; G. Woods, on ABC The World Today, 1 January 2009). Cedric’s immune response was described variously as “good (Darby, 2007b),” “strong (University of Tasmania media release, 29 November 2007,” and “robust (ABC World Today, 1/1/2009).” The result was first announced in November 2007 (University of Tasmania media release, 28 November 2007; Darby, 2007b).

In December 2007, researchers injected “very few” (A. Kriess, on ABC AM, 31 March 2008) live cells from the same strain of the tumour into two sites on the head in both Cedric and Clinky (University of Tasmania and Menzies Research Institute media releases, 2 June 2008; Denholm, 2008; ScienceAlert, 2 June 2008; Obendorf and McGlashan, 2008).

In a period described variously as “after two months (G. Woods, ABC Catalyst Online edition, 18 June 2009)” and “after twelve weeks (Obendorf and McGlashan, 2008),” which would put the date around late March 2008 at the latest, Cedric remained disease free, but Clinky had developed small tumours at both injection sites (Obendorf and McGlashan, 2008). This result was first announced in early June 2008  (University of Tasmania media release, 2 June 2008), fortuitously just a few weeks before the state budget was due to be handed down. In the announcement, a researcher said “We are 90 to 100 percent certain that Cedric is resistant to the disease ….” The research team’s vet subsequently said there was a plan to treat Clinky with chemotherapy (Radio Australia, Innovations, 30 June 2008), but whatever actually happened, Clinky eventually died from the disease (Foley, 2009).

In March 2008 (inferred from University of Tasmania media release, 26 February 2009; G. Woods, on Catalyst Online Edition, 18 June 2009), immunologists injected Cedric with “lots” (A. Kriess, on ABC World Today, 1 January 2009) of live cells from a second strain of the tumour (Obendorf and McGlashan, 2008; Newsletter, June 2009; Foley, 2009), strain 3 (G. Woods, on Catalyst Online Edition, 18 June 2009) in order to test how long Cedric’s “immunity would last” according to one account (ABC, PM, 1 September 2010) or whether “his immunity would be for all strains” according to another (ABC AM, 21 April 2009). 
This was a potentially inconclusive protocol, because if Cedric did develop a tumour how could researchers tell if it was due to something about the living cells other than their strain type, such as either their quantity or potency, compared to those from the first strain? Initial inoculation with dead cells of the second strain would have been a more informative first step.
But by mid-December 2008 Cedric developed tumours where he had been injected the second time (Bevilacqua, 2008; University of Tasmania media release, 17 December 2008; Obendorf and McGlashan, 2008). Subsequent analysis showed that these tumours were from the second strain (University of Tasmania media release, 2 February 2009), strain 3. Cedric had his tumours removed surgically instead of being treated with chemotherapy as had been foreshadowed with Clinky (University of Tasmania media release, 26 February 2009). 

Then on 1 September 2010 researchers announced that Cedric had been euthanased in the preceding week, because his facial tumour had metastasised to his lung (University of Tasmania media release, 1 September 2010; Gelineau, 2010). But this was not Cedric’s swansong. His final, and perhaps most lasting, contribution to knowledge of the Devil was as one of the three Devils to have their genomes sequenced (Miller, 2011).

There was a third Devil involved in this story as well. At some unspecified date prior to 24 July 2008, a female named “Christine” was injected with dead tumour cells and developed an immune response. At a later date, again unspecified, she was injected with live tumour cells. In July 2008, she was reported to have mounted an immune response (60 Minutes, 24 July 2008) and two months after showing the immune response was still disease free (Menzies Research Bulletin 56, Spring 2008). This Devil, first confusingly called “another Devil” (after Cedric) (60 Minutes, 24 July 2008) was later revealed to be Cedric’s mother (Menzies Research Bulletin 56, Spring 2008; see also Rex, 2008). What happened to “Christine” is unclear. 

This work suggested at least four important things about the Devil’s immune response to the disease. First, at least some Devils could mount an apparently effective immune response to the dead cells of at least one strain of the disease. Second, immunity raised by one strain may not be sufficient to confer immunity to another strain. Third, the latency period between the time of injection and the time of the first appearance of a tumour can be about five months. And fourth, the primary tumour can metastasise early in its development and the secondaries can go undetected for as long as eight months.
There were also reports of work being done to determine a possible immune response in other Devils. In June 2008 in conjunction with the then good news of Cedric’s apparent resistance, it was reported that a “special six” Devils from the west coast and with DNA similar to Cedric’s were to be investigated “to determine if they are also resistant to infection” (University of Tasmania media release, 2 June 2008; see also Luntz, 2008). 

And in December 2008, after the first bad news about Cedric had been released, a journalist reported that “dead cells would be injected into more than 20 other Devils to try to replicate the immune response” (Darby, 2008; see also ABC AM report, 31 March 2008; Bevilacqua, 2008; Hobart Mercury, 27 February 2009; Ball, 2009). 
The only “results” of these other experiments were hinted at in an interview with one of the researchers reported in December 2009 when he said “Only one out of six Devils mounted an immune response following recent vaccinations (Borrell, 2009).”

Considering the potential importance of all this work, it is surprising that none of it has been published.

Recently, a published article mentioned two female Devils of unstated provenance that had been injected with irradiated tumour cells but failed to develop an immune response (Brown et al., 2011). But it is unclear what animals were involved.
Quite recently, researchers at the same institute that did the work described above were awarded funds from the Save the Tasmanian Devil Appeal to characterise the “DFTD tumour proteins eliciting immune responses in Tasmanian devils” (Newsletter, March 2011). Presumably, therefore, there is an immune response worth investigating.
Immunologists have made several comments to the effect that infected Devils succumb to the disease without any evidence of an immune response to the tumour (Brown et al., 2011). But in commenting on Cedric’s death from the second strain (number 3) of the tumour, a researcher said that “the immune response we got from Cedric was fairly weak (G. Woods, on ABC News, 26 February 2009).”
Genetics of the Immune Response

It is not clear when work actually began on the Devil’s major histocompatibility complex. In 2004 researchers suggested for the first time that the genetic differences between Devil populations in the northwest and those further east (Jones et al., 2004) might hold the key to resistance to the disease (Loh et al., 2006b). And the late 2006 or early 2007 observational and experimental evidence showing that at least some Devils from the northwest were able to mount an immune response would re-enforced this thought. 

In any event, in May 2007 geneticists were able to submit two articles to journals suggesting that it was lack of diversity in the MHC that was probably facilitating the spread of the disease (Siddle et al., 2007a-b). Critically, however, the researchers had no specimens from the northwest population (ABC News and ABC PM, 3 October 2007).

This lack of material was apparently quickly overcome, however, because the minutes of the 23 October 2007 meeting of the steering noted that “Committee members discussed recent research that show that a percentage of western devils in Tasmanian express some genes that are not found in eastern devils or the devil facial tumour, and that these differences may correspond to some form of resistance to the deadly tumour (Communique – Steering Committee Meeting, 23 October 2007). And in November 2007, researchers reported by media release that “… some western devils are genetically distinct from eastern devils and the devil facial tumour that threatens it” (University of Tasmania media release, 21 November 2007; see also Darby 2007) and that “Cedric” was “one of the western devils that have been found to have slightly different MHC … gene expression compared to the tumour itself (University of Tasmania media release, 29 November 2007). 

In March 2010, the geneticists formally published the results underlying the informal reports. They showed that Devils have two groups of nucleotide sequences in the Class I region of the MHC part of their genome, and while eastern Devils and the facial tumours have both, northwest Devils often have only one or the other. It was hypothesized that having only one group might allow an animal to recognise the “non-selfness” conferred by the other group in the tumour and mount an immune response to it (Siddle et al., 2010; also Kreiss et al., 2011).
Natural Immunity in Wild Populations?
One of the interesting aspects of the parenthetically released information that two Devils in one northwest population had been found as early as late 2006 or early 2007 to be carrying antibodies to facial tumour disease was the apparent existence of a means of testing for antibodies to the disease in the first place. And yet not even the simple existence of this presumably non-lethal test, let alone the protocol for it, have ever been acknowledged, let alone published. One might have thought that such news would have been too good to sit on.
This knowledge did, however, seem to initiate a survey for natural immunity in northwest populations, probably sometime in 2007. But there is no indication that the survey has been extended to eastern populations.
Northwest populations

The first direct public indication that there might be populations with naturally resistant Devils was in April 2008, when an article on the STTDP Website (Mapping the disease, published 8 April 2008, modified 30 November 2010) mentioned that “one population in the Central Highlands … seem[s] to be less susceptible to the disease,” and “research is being carried out to investigate why this may be the case.” It was subsequently revealed that researchers had begun “formally tracking” this population in May 2006 (Keim, 2011; Hamede et al., 2011).
The specific location of this population was revealed in June 2008, when a media story reported that although the disease had been in the “Pencil Pine” area for several years, it was “unusual that not all the Devils had been infected (ABC Online: Search for immune gene in Tas Devils, 9 June 2008).” Pencil Pine, or to give the locality its full name, West Pencil Pine, is in the Central Highlands. 

The West Pencil Pine population was confirmed as the population showing genetic resistance at a meeting of specialists in early July 2008 when a group of researchers reported that “there is already some evidence of resistance in the wild. Three Devils in West Pencil Pine have generated antibody responses to DFTD, suggesting they have been exposed to the disease and seroconverted (PHVA, 2008).”

In light of this information about an immune response, some of the comments from people involved in Devil research and conservation at the time are difficult to understand. For example, the STTDP’s Senior Scientist’s commented in September 2008 that “as yet, there is no clear evidence that any animals are resistant to the disease” (Anonymous, 2008b). He also said sometime in 2008 that “…there is currently no firm evidence that any animals are either totally or partially resistant to disease (McCallum, 2008).” 

On 1 January 2009, a hint of the kind of results that were coming out of West Pencil Pine were carried in a news special, in which a researcher noted that “only a small number of animals have contracted the disease and all of those animals have a common eastern MHC type (ABC The World Today: Special Cedric, 1 January 2009).” 

Another indication that at least one population might be showing immunity was evident in 2009, when the TDRAC awarded a research grant to test “whether DFTD tumours are evolving to overcome genetic resistance in some Tasmanian devil populations” (STTDP website: “Public generosity funds further devil research,” first published 19 October 2009). An existing genetic resistance to the disease is clearly implied. The application for this grant would have been submitted no later than 31 May 2009.

Despite these indications, in the latter half of 2009, five Devil researchers would still write “… no recovery, any immunity, or resistance to DFTD [has been] observed Lachish et al., 2010a).” And the group that discovered the antibodies in the two wild-caught Devils in late 2006 or early 2007 would write “There has been no evidence of resistance against DFTD in the wild population (Menzies Medical Institute Annual Report, 2009).
More information on the genetics of resistance to the disease was forthcoming in March 2010 when geneticists published results showing that Devils in the northwest, already known since 2004 to be genetically distinct in other parts of their genome, had MHC genes different from Devils in the east, and that one of the two populations with the distinctive western genes to be reached first by the disease were showing what appeared to be “… impacts … lower than expected …” and that they were monitoring this population “… to determine whether animals with [the western genes] succumb to the disease ... (Siddle et al., 2010).” That population was West Pencil Pine.

And in a mid-March 2011 interview given to discuss the MHC differences in northwest populations (Siddle et al., 2010), it was revealed that the only diseased Devils in the West Pencil Pine population were 26 individuals with the eastern genes (K. Belov, on ABC Science Online, 10 March 2010). It was not revealed how many healthy animals in this population were examined or what genes they had, although this must have been known at the time. Knowing this would have allowed an assessment of the significance of the discovered resistance.
The second population with distinctive western genes to be reached by the disease was nearby Bronte Park (Siddle et al., 2010). It seems unlikely that this population would not have received the same close scrutiny as the West Pencil Pine population. But as yet nothing further has been published on it.

Despite all the results on an immune response in both laboratory and wild animals, one geneticist closely involved in the work would write as late as 21 October 2010 that “there is no evidence of devils mounting an immune response to DFTD …,” but then also write, contradictorily, that “… preliminary studies suggest that at least antibody responses can be generated to DFTD (Obendorf and McGlashan, 2008) (Belov, 2010).” 
In mid- 2011 researchers began speaking openly about possible resistance in some northwest populations. A research application made public on 3 May 2011, spoke of the “underlying apparent resilience” to the disease of the northwest population (DPIDWE website: Application for scientific research permit, 3 May 2011). 
In June 2011, two major researchers wrote that in the northwest devil population the tumour “is not causing any population decline;” “disease prevalence remains low; and infected devils … survive with the cancer much longer (Jones and McCallum, 2011)” (see also M. Jones, video on The Australian website, 7 September 2011). 
In July, 2011, the STTDP website revealed, in passing, the possibility of resistance in another northwest population when it noted that there was “information on the apparent resistance to DFTD” in “a percentage” of the population in the Cradle Mountain area (Grant to fund facility upgrades to “Devils@Cradle,” 12 July 2011).

In August 2011, the STTDP made the fullest disclosure on the West Pencil Pine population when it noted that the population had been studied for five years and “… abundance throughout the population has not plummeted, the full age structure is still intact and tumours appear to grow slower, regress and take longer to kill the animal.” It went on to say that “The STDP, in collaboration with UTas, will begin trapping a neighbouring and similar population to determine whether this atypical response occurs in more than one population and whether it is the disease or the devil population that is different (STTDP website, Mapping the disease, published 18 August 2011, revised 31 August 2011).” 

Finally, in September 2011, one researcher noted that at a study site “near Cradle Mountain” they were “not seeing population decline… or loss of older animals out of the population;” prevalence is very low,” and animals seem to be “surviving much longer with the tumours” (up to 12 months after first signs of the disease) (M. Jones, ABC Science Show, 3 September 2011). And a colleague said that “some animals might be genetically resistant” to the disease (H. McCallum, on ABC Brisbane Online, 8 September 2011).
At the time of writing, therefore, it appears that there are indications of resistance to DFTD in at least three northwest populations: West Pencil Pine and the nearby Bronte Park, and the Cradle Mountain area. Given the distance between these two areas, it would be surprising if the intervening area did not also contain similar populations. And given that these populations are on the periphery of the northwest area, long identified as containing genetically different Devils, it would not be fanciful to imagine their resistance may represent a characteristic of this larger population. 
Finally, the STDP’s annual report for 2010/11 has a tantalising mention of what is apparently another disease-free population. “Recently cameras deployed within an area thought to be diseased provided an indication of a small population of devils which appears to be disease free. Further investigation through trapping supported this. It appears this population has been isolated from the disease by landscape features such as large rivers, mountain ranges and even urban development combining to prevent diseased devils from moving into the area (STDP Annual Report for 2010/2011).”  It is unclear why the location of this area was not revealed. But what is more concerning is the conclusion that geographic isolation is solely responsible for the lack of disease and the lack of any plan to assess the population for possible immunological resistance to the disease.
Other populations

Knowing that some Devils are resistant in northwest populations raises the question of whether those Devils continuing to live in decimated eastern populations may owe their survival to either a pre-existing or developing immunity to the disease (McGlashan et al., 2007). There are, after all, no reports of any local population having gone extinct, and some long-affected local populations appear to be holding their own, albeit in much reduced numbers (STTDP website: Populations persist at ‘ground zero,’ 1 June 2011). There is no public information indicating that the reasons for this persistence are being investigated.

Early indications based on the rate of decline within populations suggested local populations might die out within 15 years of the appearance of the disease (McCallum et al., 2007). But the oldest affected population at Mt William, where the disease was first noticed in 1996, is surviving (STDP Annual Report 2010/11). If the date of first notice is taken, conservatively, as the date of onset of the disease, then under the 15 year time frame, it should have gone extinct in 2011. 

Similarly the disease first arrived in the population on Freycinet Peninsula in 2001 (Jones and McCallum, 2011), but in the last year for which there are public data, 2007, it seemed to be holding its own (data in McCallum et al., 2007: fig. 3, 2009: fig. 5).

As noted, the STTDP’s then Senior Scientist wrote in September 2008 that “it is clear that if some animals are resistant to the disease, this will totally change the overall management strategy for the disease and the prognosis for the species as a whole (Anonymous, 2008b).” Despite there having been some fairly good evidence of “animals resistant to the disease” even in September 2008, there has not as yet been any indication of a change of strategy. In fact, the first public call for research specifically on the “innate immunity” to the disease only came in October 2010 (Belov, 2010), 14 years after the disease first came to notice.

In light of the apparent ability of animals to develop an immune response to the disease and for some immune-responsive animals to live in populations with the disease, it is remarkable that more urgency seems not to have been given to research on immunity in the wild. The discovery of naturally resistant individuals or populations would be the most promising development in the history of the disease and would certainly be the best outcome – at least for the Devils. But what would happen to the now substantial “interventionist industry” and the rivers of gold in public donations and entrance fees that support that industry if it was discovered the Devils were capable of mending themselves?
How We Know What We Know about the Devil

Publication by media
In reading the literature about the Tasmanian Devil, the one thing that stands out strongly is just how much of the information about the species, especially its disease and its conservation, appears first, sometimes only, in the media: stories in newspapers, TV and radio and, of course, the web. Much of this information never seems to get published in peer-reviewed scientific journals. As a consequence, many aspects of the Devil’s story can only be pieced together from what appears in the media.
The hazards of relying on these secondary and tertiary sources is that they may involve, on the part of the protagonist, an inadvertently poor expression of an idea or opinion,  and on the part of the recorder, a misunderstanding or even mis-transcription of what has been said. 

As a first thought, the best way to deal with this “low quality” information would be to just put it all to one side and forget about it. On the other hand, there is so much information and insight to be gained from this literature, that it can not be neglected if the goal is a complete and up to date account. Indeed, the STTDP’s policy of providing a constant flow of information to the public about Devil research and conservation as well as its on-going drive for donations invites scrutiny of that information as to its timeliness, accuracy, completeness and delivery on created expectations. 
The New Uncertainty Principle
The advent of facial tumour disease has now created uncertainty about how to interpret new discoveries about Devil biology when that information comes from diseased areas. Does an observation reflect a pre- or post-disease state? And comparing an affected population with an unaffected population does not necessarily provide an answer, because the potentially confounding effect of geographic variation. If any quandary about such a difference can not be answered by reference to the few preserved remnants of the Devil’s pre-disease state, namely, preserved specimens, tissue samples, photographs, recordings and field notes, then it will probably go unresolved.
A more general version of this problem in an increasingly human-dominated world is what component of a species’ biology is due to pre- versus post-human influence? The pre-human, that is, natural, features of species are now being continually replaced by post-human, that is, unnatural, features, and if we care to do anything about it, the sooner we act the better. This process is only in its early stages, but it will continue and, indeed, accelerate in the future.
Materials, Methods, Conventions and Abbreviations
Materials

This account is based entirely on the information that is in the public domain, that is, scientific articles, media stories and videos. I have no direct experience with Devils other than having spent a few weeks one summer in Tasmania and seeing and hearing Devils as they foraged unperturbed around several public campsites. Like so many other features of the natural environment in Australia, those days are now gone forever, replaced with ever more management of an ever dwindling number of remnants.
Methods

The information on Devils as whole organisms comes from two sources: the wild and captivity. When information on any particular topic is available from both, I lead with the field data and follow with the captive data. I do this in the belief that it is important to know what the animals are actually capable of in a natural situation before looking at what they are doing in a highly artificial one.

The chapters on the biology of the Devil are based only on disease free conditions, either from disease-free populations or disease-free captive animals.
Conventions
Decimals are usually rounded to the nearest 0.1 or 0.05. The integer “0.5” is rounded up if preceded by an even integer and down if preceded by an odd integer.

In reporting dispersions statistics, I indicate when the value is the standard deviation (SD) but let the standard error stand alone. 
Individual entries on the Save the Tasmanian Devil Website usually carry a date of publication and a date of modification. For example, an item may have been published first in 2008, modified in 2009 and again in 2010. I cite the date of modification of the document I refer to and assume that all information in the entry is correct up to and including this date.
When citing figures or tables in the text, those in published texts begin with a lower case letter (e.g., fig. 1) whereas those in the current text begin with an upper case letter (e.g., Fig. 1).

In quoted material, I have corrected misspellings and typos.

A statistical analysis of data, which is followed by the phrase “data in Bloggs, 2010,” means I have analysed the raw data in the cited reference.

Abbreviations

dg. Decigram; deci is 10-1
DFTD. Devil Facial Tumour Disease.

DPIW. [Tasmanian] Department of Primary Industries and Water.

DPIWE. [Tasmanian] Department of Primary Industries, Water and Environment.

fg. Femtogram; femto is 10-15
Newsletter. This refers to the quarterly Newsletter of the STTDP, available online.

pg. picogram; pico is 10-12
PHVA. Reference notation for the Tasmanian Devil Population Habitat Variability and Assessment Final Report. The report of a workshop held in Hobart in 3-6 July 2008.

REM. Rapid eye movement sleep.

rs. Spearman rank order correlation coefficient

STTDP. Save the Tasmanian Devil Program

STDP. Save the Tasmanian Devil Program.

SWS. Slow wave sleep.

ybp. Years before present.

y. Years
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Tables
Table 1. Reported weights (kg) of Devils.

	               Males

Range      Mean        N
	           Females

Range      Mean        N
	Maturity
	              Reference

	5.5-11.8
8.3
19
	
4.1-8.2
5.5
14
	-
	
Green, 1967 (original in lbs)

	
-
9.0
73
	
-
6.5
83
	-
	
NW Tasmania, Guiler, 1970a

	
-
7.7
18
	
-
5.4
20

	
-

	
NE Tasmania, Guiler, 1970a


	
-
6.9
100
	
-
5.4
100
	   -

	
NW Tasmania, Guiler, 1978

	
-
8.2
50
	
-9
6.1
50
	M
	
NW Tasmania, Guiler, 1978

	
-
4.8
50
	
-
4.4
50
	     IM
	
NW Tasmania, Guiler, 1978

	
-
10.2        -
	
- 
7.1
-
	-
	
Pemberton and Renouf, 1993

	 
9-12  
10
-
	
5-8          6
-
	-
	
Jones, 1994

	
-
8.4


	
-
5.4
-
	-
	    Jones, 1998

	
-
-
-
	
5-8         
-           
-
	M
	
Jones and Barmuta, 1998

	     - 
8.5
-
	 
- 
5.4
-
	
-
	
Jones, 1997, 1998; Jones and 

    Barmuta, 2000

	
-        
10
-
	
-
7
-
	
-
	
Lachish et al., 2009


Table 2.  Developmental Events in Relation to Age and Length for Young Devils
Recorded total lengths and the inferred ages for pouch young are: c. 32 mm at five weeks (Fleay, 1935); c. 70 mm at seven weeks (Fleay, 1935), c. 120 mm at 15 wks (Guiler, 1970b):c. 275 mm at 20 weeks (Fleay, 1935), and c.305 at 22 weeks (Fleay, 1935). 

Recorded head and body lengths are: 2.8 mm (Pemberton, 1990) and c. 6.0 mm at birth (Hughes, 1982); c. 102 mm at 11 weeks (Fleay, 1935); c. 140 mm at 15 weeks (Fleay, 1935); c. 200 at 20 weeks (Fleay, 1935), and 305 at 22 weeks (Fleay, 1935).

Recorded head lengths are: c. 6.0 mm at birth (Hughes, 1982).

Recorded weights are 0.030 g for young < 24 h old (Hughes and Hall, 1988; Hughes and Rose in Rose, 1989: table 1); 0.18-0.29 g (Guiler, 1970b), c. 0.244 g (Hughes, 1982) for “new born” young (see p. #);  c. 4 g at 15 +/-2 days (Guiler, 1970b); c. 70 g at c. 80 days (Guiler, 1970b), and c. 200 g at c. 105 days (Guiler, 1970b).

External sexual characteristics. The external sexual characteristics are said to be evident at birth (Phillips and Jackson, 2003).

Pigmentation. The young are pink until c. 58 or 60 days according to one observer (Guiler, 1970b) and seven weeks according to another (Fleay, 1935). 

One observer reported pigment first appeared on the ears (Fleay, 1935; see also Macey, 2008; fig.; Evershed, 2009: fig.), and another noted that it develops from front to back (Guiler, 1992). 

One report noted the ears start to show pigment at 44 days (Phillips and Jackson, 2003).

At nine weeks (63 days) pigment appears on the tail tip according to one report (Fleay, 1935) but appears on the tail at 58 days according to another (Phillips and Jackson, 2003).

The white body patches are first evident at 93 days (Phillips and Jackson, 2003).

Pigment forms over those areas where the fur will be dark and fails to form where the fur will be white (Guiler, 1970b).

Nose. The nasal swellings are extremely prominent at birth (Hughes and Hall, 1988).

Rhinarium. The rhinarum, the naked area around the nostrils in many mammals, becomes evident at c. 7 days and is heavily pigmented at c. 12 days in one account (Guiler, 1970b) and 30 days in another (Parer and Parer-Cook, 2004).
Pelage. There are different dates for the first appearance of fur. A photo of pouch young said to be about five weeks (35 days) old shows no fur except for possibly on the snout (DPIPWE, 2010: fig. 2). Otherwise, one observer gives the age at the first appearance of fur as c. 49 days (Guiler, 1970b); another gives c. nine weeks (c. 63 days) (Fleay, 1935) and two others 58 days (Phillips and Jackson, 2003). 

The fur develops from the front to the back (Roberts, 1915). One observer recorded it as appearing first on the head and fore-quarters and growing progressively backwards (Fleay, 1935). And another observer said fur appears first on the end of the snout and “progressively appears over the rest of the body, reaching the rump by c. 90 days”, although noting that the tail becomes furred before the rump (Guiler, 1970b, 1992).

The head, body and tail but not the rump are “well furnished with black hair” and the rump “is sparsely covered with pale hair” at a head + body length of 150-157 mm (N = 4; Anonymous, 1914).

The body hair is sparse, c. 2 mm in length and most prominent on head and anterior part of back at a total length of c. 160 mm (Green, 1967; plate 4).

It is longest on head and neck, about 10 mm at a total length of 230 mm and a weight of 190 g (Green, 1967).

Vibrissae. No vibrissal primordiae are evident at birth (Hughes and Hall, 1988). 

Of the facial vibrissae, the mystacials erupt first, but reports differ on the time of first appearance: 17 +/- 2 days and a body weight of 4.0 g, but with one individual still without them at 27 day, in one account (Guiler, 1970b) and 37 days in another (Phillips and Jackson, 2003).

The  infraorbitals,  interramals,  submentals and supraorbitals erupt between 28 +/- 2  and 37 +/- 2  days, with the submentals usually last, in one account (Guiler, 1970b) and at 44 days in another (Phillips and Jackson, 2003).

The mystacials grown to a length of 22 to mm, the infraorbitals (genals) to 22 mm, the  supraorbitals to 18 mm and the interramals to 16 mm at total length of c. 160 mm (Green, 1967). And the mystacials grow to 31 mm, the infraorbitals (genals) to 33 mm, the supraorbitals to 25 mm and the interramal to 18 mm at a total length of c. 230 mm at a weight of 190 g (Green, 1967).

The ulnar carpal vibrissae appear about the same time as the mystacials (Guiler, 1970b).

Eyelashes. The eyelashes appear at 50 +/- 2 days (Guiler, 1970b).

Eyes. At birth, the eye primordia are barely visible; the retinal pigment is absent, and there are no eyelids (Hughes and Hall, 1988). At 16 +/- 2 days the eye slit appears as a lightly pigmented line. The eyelids are separated and the eyes open at 115 days in one report (Phillips and Jackson, 2003). But the eyes are said to be open at about 90 +/-2 days in another report (Guiler, 1970b) and at 15 weeks (105 days) in another (Fleay, 1935: plate 8).

The eyes are open, perhaps recently, at a total length of c. 160 mm (Green, 1967).

Ears. At birth, the ear primordial are barely visible (Hughes and Hall, 1988). One observer noted the pinnae become evident at c. 15 +/- 2 days and remain closely applied to the head until about 76 +/- 2 days when they become free and erect (Guiler, 1970b). But two other observers noted the pinnae become free at 30 days (Phillips and Jackson, 2003).

The auditory meatus is fully open at 107 days (Phillips and Jackson, 2003).

The ears are open, perhaps only recently, at a total length of c. 160 mm (Green, 1967).

Mouth. The oral shield is “extensive and complex” at birth and there is only slight definition of the mandible. There is no indication of taste buds (Hughes and Hall, 1988). 

The mouth edge remains round until about 20 days when the lips appear (Guiler, 1970b); the mouth can be opened at c. 80 days (Guiler, 1970b), and the lips are fully separated at 115 days (Phillips and Jackson, 2003). 

The young are able to let go of the teat at c. 100 days (Guiler, 1970b) or c. 105 days (15 weeks; Fleay, 1952) and are “detached” from the teat at 121 days (Phillips and Jackson, 2003).

Dentition. Upper canines erupt at 142 days (Phillips and Jackson, 2003).

Lower incisors erupt at 142 days (Phillips and Jackson, 2003).

Lower canine erupt at 148 days (Phillips and Jackson, 2003).

One pair of upper incisors in both the upper and lower jaws just starting to erupt at a total length of c. 230 mm and a weight of 190 g (Green, 1967).

Vocalisation. The young Devil makes its first vocalisation while still attached to the teat. One study reports this as a “slight squeaking” noise at c. 49 days (seven weeks; Fleay, 1952); another as a squeaking noise at c. 58 days (Guiler, 1970b), and another as a whimper/squeak at 65 days (Phillips and Jackson, 2003). 

“Yapping” may occur at 16 weeks (Kelly, 1993; see also Fleay, 1952).

Growling and hissing occur at about 20 weeks (Kelly, 1993).

Limbs. The front limb is very well developed but the rear limb is an undifferentiated paddle at birth (Hughes and Hall, 988: fig. 2.1). The feet can grasp at nine weeks (Fleay, 1935).

Claws. Claws are present on the front limb but absent on the barely discernable rear limb at birth (Hughes and Hall, 1988: fig. 2.1). They are stout and c. 3 mm long at a total length of c. 160 mm (Green, 1967).

Tail. The tail becomes distinct from body at 30 days (Phillips and Jackson, 2003).

Pouch exodus. A full complement of pouch young, four, can still be carried completely concealed in the pouch at an age of 15 weeks (105 days; Fleay, 1935). But a full complement can not fit in the pouch at 107 days (Phillips and Jackson, 2003).

The young first leave the pouch completely and hence may have left the teat for the first time at just over 15 weeks (Fleay, 1935).

Behaviour. Young can ride on their mother’s back at 121 days (Phillips and Jackson, 2003).

The mother leaves young in nest by themselves at 135 days (Phillips and Jackson, 2003).

Young drag materials into the nest at 140 days (Phillips and Jackson, 2003).

In contrast to the general trend in most young mammals, young Devils have a more pointed snout than the adults (Fleay, 1935).

Young chewing solid food at 142 days (Phillips and Jackson, 2003).

Young in posturing and threatening displays at 148 days (Phillips and Jackson, 2003).

Young with fully competent walking gait at 155 days (Phillips and Jackson, 2003).

Young playing and tugging at food at 163 days (Phillips and Jackson, 2003).

Young playing and fighting at 170 days (Phillips and Jackson, 2003).

Young weaned at 232 days (Phillips and Jackson, 2003).
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