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Foreword 

Under the National Forest Policy Statement signed by Tasmania in April 1995, the Tasmanian and Commonwealth governments agreed to a framework and a joint scientific and public consultation process for a comprehensive regional assessment (CRA) of Tasmanian forests leading to negotiation of a Regional Forest Agreement (RFA) for Tasmania.

The CRA information is being gathered in two separate assessment processes: 

-a social and economic assessment which covers issues such as social impacts, forest resources including wood, mineral and other resources, forest uses such as tourism and apiculture, and industry development options; and 

-an environment and heritage assessment which covers issues such as cultural heritage, biodiversity, endangered species, old growth, wilderness, wild rivers, national estate and world heritage. 

This report is one of a series of reports being produced for the environment and heritage assessment component of the CRA.
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Objectives
A regional and representative survey of the distribution and habitat associations of spotted-tailed quoll (Dasyurus maculatus maculatus) and eastern quoll (Dasyurus viverrinus) was required in Tasmania to determine conservation and reservation status and assist in the development of management recommendations and the national recovery plan. Due to dramatic and continued decline in distribution on mainland Australia, spotted-tailed quoll have been recommended for listing as nationally Vulnerable according to the Action Plan for Australian Marsupials and Monotremes (Maxwell et al. 1996). This species is forest-dependent and was of high priority in the Tasmanian CRA process. Eastern quoll, now extinct over their entire mainland distribution (75 -84 % of their distribution) are listed as Vulnerable on Schedule 1 of the Endangered Species Protection Act 1992. Neither species has threatened status in Tasmania. Existing information was inadequate for the purposes of the CRA. 

The objectives of this project are to: 

1. To determine the conservation status of the two quoll species in Tasmania. 

2. To identify habitat associations of spotted-tailed quoll and eastern quoll in Tasmania from historical records and field surveys and so make predictions on occurrence on a local scale to use in assessment of reservation status. 

3. To provide baseline information toward producing management recommendations for both spotted-tailed quoll and eastern quoll in Tasmania. 

4. To make an assessment of the return for effort of different census techniques for use in the national recovery program. 

All of the above objectives were achieved except for reservation status. This project was completed before completion of some of the base mapping, leaving insufficient time to overlay quoll distribution on other GIS surfaces, including land tenure. The determination of reservation status for all three levels of distribution (core, peripheral and outlying) needs to be done for both quoll species. 

Results

Spotted-tailed quoll

Distribution 

Spotted-tailed quoll (Dasyurus maculatus) are distributed state-wide in Tasmania but the probability of occurrence varies. Population densities are naturally low everywhere. Distribution is presented at three equal levels of probability of occurrence, as predicted by species environmental domain analysis: core distribution = high probability of occurrence (67 - 100%); peripheral distribution = moderate probability (34 - 66 %); outlying distribution = low probability of occurrence (0 - 33 %). 

The core distribution of the spotted-tailed quoll is the low altitude, northern coastal strip of Tasmania, which correlates with high productivity; a reliable seasonal rainfall and warm mean annual temperatures at low altitude. Small areas of core distribution occur in the forested river valleys and slopes of the Gordon, King and Huon River catchments. 

The two main "hot spots", areas of high abundance, are: the north-west of Tasmania, incorporating the entire catchments of the Arthur and Montagu Rivers; and the dry eucalypt forests in the area bounded by the Tamar River to the east, Devonport to the west and the edge of the Central Highlands /Great Western Tiers to the south. Smaller areas where reporting rates were high are the Waterhouse Protected Area and the area between the King River valley, Queenstown and Strahan. 

Peripheral areas of distribution are a band across northern Tasmania, south of the northern coastal strip and large patches of the southern forests and the south-west. 

Further sampling in areas where sampling effort was lower (remote areas of the west, south-west and south) is unlikely to change these conclusions. It is likely to produce a tighter definition between high and low probability of occurrence. Outside the forested river valleys and slopes, the large areas of buttongrass moorlands and heathland in the central highlands, west and south-west do not provide suitable habitat for spotted-tailed quoll. Note that spotted-tailed quoll readily habituate to people and are highly visible as they scavenge around campsites and huts. This can give a false impression of abundance, when only one or two individuals are present. 

Habitat associations

Spotted-tailed quoll is a forest-dependent species. They are associated primarily with very wet forests; rainforest and blackwood swamps, where they reach their highest densities. They are also found in both tall and medium eucalypt forests although they are more widespread in tall eucalypt forests. Spotted-tailed quolls are also seen in farmland, but it is likely that most of these individuals are resident in the forest, and are attracted onto farmland by easy food (inadequately-penned poultry, rabbits, rats, mice and scraps). 

Conservation status

Spotted-tailed quoll is listed as Vulnerable by the Action Plan for Australian Marsupials and Monotremes (Maxwell et al. 1996). It is recommended that the listing for Tasmania remain as Potentially Vulnerable near threatened) requiring monitoring. This species urgently requires monitoring to determine if populations are changing. They occur at naturally low densities so total population size is small (estimated median 3,646, range 3,125 - 4,167), much of their core distribution is on private, cleared land or on private or public forest land, parts of two of the four major "hot spots" are currently being converted to eucalypt and pine plantation, and the impacts of these land management regimes is unknown. Given their dramatic historic and probably continuing decline on the mainland, managers need to be alerted to the near threatened status of spotted-tailed quoll in Tasmania, which is now their stronghold. Priority for conservation should be given to spotted-tailed quoll before eastern quoll, on account of their smaller area of core distribution, low population density, small population size, comparative lack of dietary flexibility and forest-dependence. 

Eastern Quoll

Distribution

Eastern quoll (Dasyurus viverrinus) are distributed state-wide in Tasmania but probability of occurrence varies across the state. Eastern quoll is a species of the dry eastern half of Tasmania, occurring from low to medium altitudes. This is its core distribution. It peripheral distribution extends to the areas of moderate rainfall on the north coast and hinterland, and the north-eastern highlands. As with spotted-tailed quoll, eastern quoll are bold around humans, and one or two individuals sighted regularly around campsites or huts can give a false impression of abundance. 

Abundance is variable in space and time. A number of "hot spots", areas of high abundance, were identified. These areas are often quite limited in extent. They include areas in the Huon Valley, Cygnet, North Bruny Island, Nugent, Rheban and Whiteford in the south; Brady’s Lake, Lake Sorell and Lake Lea in the central highlands; and the east Tamar, Ringarooma and the Fingal Valley in the north-east. 

Habitat associations

Eastern quoll use forested habitats for denning in many parts of their distribution, but they do den in open grassland in some areas. They may be reliant on the retention of forest for dens in many areas but are not strictly a forest dependent species. Eastern quolls are associated with drier, more open forest types, but where there is suitable grassland or cleared land habitat for foraging, dens are placed in the adjacent forest regardless of whether it is rainforest, tall or medium eucalypt. 

Conservation status

Eastern quoll is listed as Potentially Vulnerable (near threatened) in the Commonwealth Endangered Species Protection Act 1992 and potentially vulnerable, requiring monitoring, in Tasmania (Committee 1994). I recommend their status in Tasmania remain the same. Eastern quoll are extinct on the mainland of Australia, much of its core distribution is on private land, the effects of removal of cover on cleared land is not known, and it is vulnerable to the establishment of foxes in Tasmania. The population size and area of core distribution of eastern quolls is larger than those of spotted-tailed quoll. 

Recommendations

Suggested priority areas for reservation and off-reserve conservation management
1) The forested areas of northern Tasmania between Wynyard to the west, Gladstone to the east and south to the central and north-east highlands. This area is the major zone of sympatry of the most species rich guild of the world’s largest marsupial carnivores. 

2) The wet forests (rainforest, blackwood swamp forests and tall eucalypt forests) of the entire catchments of the Arthur and Montagu Rivers in the north-west of Tasmania. This area supports the highest population density of spotted-tailed quoll in Tasmania, and probably in Australia. It is the main area where spotted-tailed quoll experience a lower degree of competitive pressure from sympatric carnivores (eastern quoll and Tasmanian devil) which may depress their population densities. 

3) The forests in the area bounded by the Tamar River to the east, Devonport to the west and the central highlands to the south (Dazzler Range, Wurra Wurra Hills) are of high priority (already identified as priority in 1)) because they are also a major "hot spot", area of high density, for spotted-tailed quoll. 

4) Smaller areas of significance are the forests between the King R. and Strahan, the Gordon and Huon River catchments, and the coastal strip (20 km wide) between Strahan and Temma. 

Data Gaps
The two major data gaps are as follows. Point 1) is the most important and urgent. 

1) A major study is urgently required to find out if current forest management practises threaten spotted-tailed quoll populations. This study would need to determine diet, habitat use and population dynamics of spotted-tailed quolls and abundance of major prey species in forests of different ages and management types (mature forest, regeneration of different ages, and both eucalypt and pine plantations). 

2) There is some indication that eastern quolls may have declined in parts of the Midlands region, their core distribution. A study of the impact of the removal of cover on farmland in the Midlands on eastern quoll populations is required. 

Management Recommendations
1) Lack of knowledge of the basic ecology of spotted-tailed quoll precludes management recommendations at this stage. Points that need to be taken into account, however, are the large home range, forest dependence and naturally low population density of spotted-tailed quoll. Major habitat requirements are adequate populations of suitable prey species (especially medium-sized mammals, such as possums, gliders and bandicoots), habitat in which they can hunt effectively, and suitable refugia for denning. Suitable habitat for sustainable hunting and denning is not known at present. 

While spotted-tailed quoll do not need to be considered on a coupe by coupe basis (they do not need to be in the Forest Practices Code), current forest practices could result in declined populations. This needs to be investigated. Forest managers should be alerted to their near threatened status in Tasmania and the decline on the mainland. Spotted-tailed quoll need to be considered in management guidelines for fauna conservation in production forests, to minimise adverse effects, and in regional planning of timber harvesting regimes. 

2) Monitoring programs need to be set up for both species of quolls. Suggestions for methodology and sites are provided. 

3) Public education and promotion of the "quoll-proof" chicken shed is required to counter the significant problem of direct persecution (shooting, trapping and poisoning) of quolls in Tasmania. 

4) Both species of quoll should be taken into account in all road building and road upgrading activities (both state and council) in Tasmania. The threat to populations from road mortality should be assessed and measures; such as physical structures or elements of road design to reduce traffic speed, runways to enable animals to escape from the road surface, and warning signs; taken to minimise roadkills.
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1.1 Objectives of the project 

The National Forest Policy Statement (NFPS) (Commonwealth of Australia, 1992), agreed to by the Commonwealth and all States and Territories, sets out broad goals for the ecologically sustainable management of Australia's forests. Goals of the NFPS applicable to this project are to: 

- establish a comprehensive, adequate and representative (CAR) forest reserve system which will protect biodiversity, old growth forest and wilderness values. 

- provide for complementary management outside reserves in public native forests. 

- promote the management of private forests in sympathy with nature conservation goals. 

(PLUC 1996) 

Under the NFPS, governments agreed to a framework for a comprehensive regional assessment (CRA) of forest values leading to a Regional Forest Agreement (RFA). This report is one of the endangered species projects (ESP) under the environment and heritage assessments of the Tasmanian CRA. 

The spotted-tailed quoll, southern subspecies, Dasyurus maculatus maculatus, has been recommended for listing as nationally Vulnerable according to the Action Plan for Australian Marsupials and Monotremes (Maxwell et al. 1996). The species is classified as Vulnerable on the Victorian Threatened Species List (CNR 1995) and in the Queensland Nature Conservation Act 1992, and is listed in the New South Wales Endangered Species Protection Act 1994. D. m. maculatus has declined in distribution by 25-74% since European occupation of Australia and is probably still in decline (CRA 1996; Maxwell et al. 1996). The eastern quoll, D. viverrinus, is listed as Vulnerable on Schedule 1 of the Commonwealth Endangered Species Protection Act 1992. It is classified as extinct on the Victorian Threatened Species List (CNR 1995). D. viverrinus has almost certainly become extinct throughout its former mainland distribution (south-eastern South Australia, Victoria and eastern NSW) this century and has declined in total distribution by 75-89%. In Tasmania, both spotted-tailed and eastern quolls are classified as potentially vulnerable species requiring monitoring (VAC 1994). As the spotted-tailed quoll is a forest-dependent species and the eastern quoll occupies forest habitats, both species have been identified as high priority under the endangered species component of the CRA in Tasmania (PLUC 1996). 

Objectives of this project are to: 

1. To determine the conservation status of the two quoll species in Tasmania. 

2. To identify habitat associations of spotted-tailed quoll and eastern quoll in Tasmania from historical records and field surveys and so make predictions on occurrence on a local scale to use in assessment of reservation status. 

3. To provide baseline information toward producing management recommendations for both spotted-tailed quoll and eastern quoll in Tasmania. 

4. To make an assessment of the return for effort of different census techniques for use in the national recovery program. 

1.2 Description of species

Quolls are medium-sized carnivorous marsupials in the endemic Australasian Family Dasyuridae and Genus Dasyurus. There are six species in the genus, four in Australia (see below) and two in New Guinea. 

The largest of the quolls, the spotted-tailed quoll (Dasyurus maculatus), is a forest-dwelling species restricted to the eastern and south-eastern parts of Australia. Two subspecies, which differ in size, are often (Maxwell et al. 1996; Strahan 1995). D. m. maculatus , the larger subspecies (average weight; males 3500 g, females 1800 g; (Jones 1995), was distributed, at the time of European occupation of Australia, in south-eastern Australia; in a broad band from south-eastern South Australia to south-eastern Queensland encompassing the coastal strip, Great Dividing Range and adjacent inland areas, and including Tasmania. The smaller subspecies (D. m. gracilis) (average weight; males 1600 g, females 1200 g; (Burnett 1996) occurs in a disjunct, and now fragmented, population in Great Dividing Range of far north Queensland. Spotted-tailed quolls are the most arboreal of the quolls, travelling more than 10% of the distance they move along logs or through the tree canopy. A large proportion of their diet, which is mostly of medium-sized mammals, is comprised of arboreal prey species such as possums (Jones 1995). They rest during the day and rear young in underground burrows or hollow logs (Jones 1995), which are often in steep and inaccessible places within forest. 

Eastern quolls (D. viverrinus) are medium-sized quolls, similar in size to the western quoll (or chuditch, D. geoffroyi). At the time of the European settlement of Australia, eastern quolls (average weight; males 1100 g, females 700 g; Jones 1995) were distributed in the south-east of Australia, in a broad band from south-eastern South Australia to the mid-north coast of New South Wales and including Tasmania (Edgar & Belcher 1995). They became extinct on the mainland between the late 1800’s and the 1960’s, possibly correlating with the spread of foxes. Eastern quolls are mostly terrestrial in their activity. Prey species vary from primarily small mammals and birds in forested areas to predominantly insect larvae in low altitude grasslands (Blackhall 1980; Godsell 1983; Jones 1995). Like spotted-tailed quolls, eastern quolls rest and rear young in underground burrows. While much of their foraging is in open grasslands, eastern quolls usually den within adjacent forest, although they will den in the open (Godsell 1983; Jones 1995). 

At the time of European settlement in Australia, the distribution of the three smaller Australian quolls was complementary. The distribution of the western quoll encompassed two thirds of Australia, including coastal western and southern Western Australia and most of the interior of Australia. Northern quolls, Dasyurus hallucatus, the smallest of the Australian quolls (average weight; males 650 g, females 400 g; Braithwaite & Begg 1995), were distributed in the wet-dry tropics right across northern Australia and down the east coast to south-eastern Queensland. While the distributions of the three smaller species of Australian Dasyurus were largely complementary, there were (and still are) zones of sympatry between the spotted-tailed quoll and these smaller species. Spotted-tailed quoll and eastern quoll were sympatric over most of the former distributions of the eastern quoll (except probably for north-western Victoria). These two species still occur sympatrically in Tasmania. Northern quolls and the northern subspecies of the spotted-tailed quoll are sympatric in distributions in north Queensland, although they occupy quite different habitats (Chris Johnson, personal communication, 1996). 

In Tasmania, the spotted-tailed quoll and the eastern quoll occur sympatrically with the largest living marsupial carnivore, the Tasmanian devil (Sarcophilus harrisii). The devil is not threatened, but is now restricted to Tasmania, having become extinct on the mainland of Australia, probably as a result of the introduction of the dingo to Australia. At Cradle Mountain, devils are the most abundant carnivore, followed by eastern quolls. Spotted-tailed quolls are quite rare. Morphological size relationships and diet overlap suggest that competition for food has been and still is a significant factor in the Tasmanian guild of marsupial carnivores. High dietary overlap between male spotted-tailed quolls and devils, and between female spotted-tailed quolls and eastern quolls, and behavioural dominance of devils over quolls, may result in suppression of spotted-tailed quoll population size and partially explain the low relative abundance (Jones 1995). Competition with feral cats may also have an impact as there diet is very similar (Belcher 1994). 

Substantial decline in distributions and abundance has been noted in all the Australian species of quolls since European settlement, and in the New Guinea quoll. D. geoffroyi has disappeared from over 90% of its former distributions and is now classified as Endangered. A Recovery Plan is in process (Orell & Morris 1994). Spotted-tailed quolls have declined from between 25 and 75% of their former distributions and are still in decline. Eastern quolls have from between 75 and 89% of their pre-European distributions and are now extinct on the mainland (see section 1.2). The northern quoll appears to be currently declining (Braithwaite & Begg 1995). 

1.3 Prior state of knowledge of spotted-tailed and eastern quolls in Tasmania

1.3.1 Distribution and conservation status
While the broad distribution of both species of quolls in Tasmania was known before this survey, the information on distribution was inadequate for the prediction of habitat associations or for the assessment of reservation and conservation status. No studies have ever been conducted on population dynamics and abundance of spotted-tailed quolls and eastern quolls in different habitats and total population size and conservation status was unknown. Existing data sets were limited and heavily biased towards roadkills and sightings on roads. Quolls are attracted to roads to scavenge on roadkills, often becoming one in the process. The incidental sightings by wildlife researchers and the public, and the museum collections, on which these databases have relied, come most frequently from people driving at night and from roadkills. These pre-existing data sets and their inadequacies for the purposes of the RFA are outlined as follows: 

1) Wildlife Atlas (Tasmanian Parks and Wildlife Service), based on TASPAWS, a GIS database containing fauna records, and records entered under specific projects. There were few recent records in the Wildlife Atlas (only 16 spotted-tailed quoll records since 1990 and only 23 records since 1986). Records are heavily biased towards roads. 

2) Rounsevell et al. (1991) - This publication is based on TASPAWS but includes extra records. The distribution records are presented on maps with a 10 km2 resolution. This is too coarse for modelling the environmental domain. 

3) Spotlight surveys (Driessen & Hocking 1992) - Spotted-tailed quolls are seen so infrequently on the systematic, annual spotlight surveys that trends in population size cannot be derived from the spotlight survey database. Population trends can be derived for eastern quolls which are seen more frequently. The resolution of sightings for both species is too coarse to use the locations in modelling. Records are all biased by proximity and attractiveness of roads. 

4) Green and Scarborough (1990) - This is a compilation of limited information on biology and ecology of spotted-tailed quolls gleaned from museum specimens. Again, many records are from roadkills. 

1.3.2 Baseline ecological information for use in management recommendations
There has only been one ecological study of spotted-tailed quolls in Tasmania. This study on the guild structure of the sympatric dasyurid carnivores in Tasmania (Jones 1995), including spotted-tailed and eastern quolls, provided basic information on diet, habitat use and competition between the species at Cradle Mountain. While this site can be considered as a control site because it is reasonably pristine, it is only one of many very different habitat situations in which spotted-tailed quolls occur. As a high altitude, sub-alpine site, it is not representative of the many other forests in Tasmania. The only other completed ecological study of Dasyurus maculatus maculatus is the study by Belcher (1994) of diet at a high altitude site in eastern Victoria. Like the previous study, this site is not representative of other forests. 

Prior to this survey, knowledge of the habitat associations of the spotted-tailed quoll across different regions of Tasmania was lacking. There is no information on population dynamics, spatial organisation including home range, movements and dispersal. The impact of forestry and agricultural practices is unknown and cannot be predicted from the current state of knowledge. While the species occurs in sufficient numbers in Tasmania to enable collection of baseline data on ecology and the impact of forestry practices, there is currently not enough information about spotted-tailed quolls in Tasmania to use them as a control against which threatened mainland populations can be compared. 

The situation is a little better for eastern quolls. A major ecological study, including population dynamics, diet and social organisation, has been done (Godsell 1983) although it involved only one study area which was in farmland. The study by Jones (1995) covered aspects of diet, habitat use and competition with sympatric dasyurid carnivores at Cradle Mountain. This site, in a sub-alpine area, was at the other extreme of their range of habitat types. The distribution and abundance of the eastern quoll in different habitats, however, has never been assessed and the conservation status for this species is therefore unknown. 

Methods

                                          

2.1 Compilation of existing data
2.2 Public survey
2.3 Field survey 

· 2.3.1 Survey design
· 2.3.2 Hair tube methods and techniques
2.4 Data analysis and modelling 

· 2.4.1 Predicting species distribution - Species Environmental Domain Analysis
· 2.4.2 Relative abundance by region and forest type
2.1 Compilation of existing data

Existing records of accurate site locations of spotted-tailed and eastern quolls that were not already on the Wildlife Atlas were compiled. These included museum specimens; locations from published papers, and published and unpublished reports; and sightings in field notebooks and data from wildlife researchers. This type of information was only used when a grid reference could be derived with an accuracy of 2 km or less. Accuracy was, however, mostly less than 1 km and often 200m or less. 

2.2 Public survey

With species that are difficult to detect in the wild, inviting assistance from the public can provide a large amount of information on site locations, abundance, perceived changes in abundance and management issues. The sheer number of man-hours spent in the habitat of the animals by timber workers, fisherman, naturalists, bushwalkers and farmers, combined with the benefits of sometimes a couple of generations of local knowledge is invaluable. 

Because quolls, particularly spotted-tailed quolls, are difficult to detect and survey, a public survey was a major part of this project. This was conducted by the distribution of a reply paid questionnaire and by media coverage through local Tasmanian newspapers, television news and radio (Table 1). The survey form was designed to be concise, so that people would be more likely to respond. Questions were constructed to deliver dates, precise locations and broad habitat types of sightings, perceived historical changes in abundance and, most importantly, the identification of the species. As the two species of quolls are superficially similar, a series of questions was provided to cross-examine whether the identification was likely to be correct. Good quality photographs of both species, to the same scale, were provided to assist in identification. A copy of the Quoll Survey is provided in the Appendix. 

People who were interviewed by phone after responding to the media coverage were asked similar questions. All sightings reported were scored with a reliability rating based on an assessment of the accuracy of the identification. The ratings were: 1 = identification appeared to be accurate, 2 = identification suspect and should be checked with the observer, and 3 = no confidence in identification. The response from the public was so enthusiastically overwhelming that only those reports in category 1 were used in the modelling of the environmental domain. 

Table 1: Media coverage of the quoll survey requesting reports of sightings. 

	Newspapers 
	
	

	The Sunday Tasmanian 
	26 May 1996 
	"Our quollified success." John Cannon. "Time Off on Sunday" 

	Tasmanian Country 
	26 July 1996 
	"Quolls rather a help than a hindrance." Nikki Allen. Also published the "Quoll Survey" form in this issue. 

	Television 
	
	

	Win TV (Channel 9) 
	22 May 1996 
	Segment on news 

	Southern Cross (Channel 7/10) 
	27 May 1996 
	Segment on "Today Tonight" 

	Radio 
	
	

	Huon FM 
	13 June 1996 
	On morning show 

	
	
	


Five thousand questionnaires were produced and sent out to the targeted groups shown in Table 2. Target groups included people who had an interest in conservation or wildlife, either through work or recreation; people who spent large amounts of time in the bush, either through work or recreation; and the rural community. Survey forms were provided for each person in a target group unless the number of people was large, in which case they were subsampled. Extra forms were provided for distribution to the public in mailouts to Parks and Forestry Offices. 

Except for the Midlands, surveys sent "To the householder" were divided equally over each biogeographic region (IBRA or Interim Biogeographic Regionalisation for Australia; Thackway & Cresswell 1994), of the state, regardless of human population size in these areas, ensuring survey effort was even over the state. For example, as many surveys were sent to addresses on the sparsely populated west coast as were sent to the more densely populated north coast. Almost half (546) of the 1146 "Quoll Survey" forms sent "To the householder" were distributed over 6 biogeographic regions (excluding the Midlands) in mainland Tasmania. Because the Midlands has been extensively cleared, and eastern barred bandicoots (Perameles gunnii) are known to have disappeared from substantial areas of their former Midlands (Mallick in review), the determination of the distribution and historic changes in abundance of both species of quolls in the Midlands was a priority. Six hundred Quoll Survey forms were sent to the Midlands region, targeting about half of all rural roadside and counter pick-up addresses here. The tight time scale for this project did not allow for the individual identification of survey forms sent to different interest / employment groups, to enable the return rate from each group to be compared. 

In addition the Quoll Survey was published in the Tasmanian Country newspaper, with a circulation of 9,000 to most rural households in Tasmania and the Highland Digest, a free community newspaper circulated throughout the central highlands of Tasmania. Because the membership of the Hobart Walking Club is 1,000, a note was also put in their newsletter requesting information (forms were provided for club meetings). Individual bushwalkers who have been visiting remote parts of Tasmania for many years (up to 20 years) were approached and asked about sightings of quolls in remote areas. In this way, the sampling effort in remote areas was increased. 

Table 2: Numbers of quoll survey forms sent out to each interest / employment group. 

	Interest / employment group 
	Number sent 

	Parks and Wildlife Service district offices (20 forms sent to each of 23 field offices) 
	460 

	Parks and Wildlife Service track team (track workers and user groups) 
	200 

	Parks and Wildlife Service Property Game Management (for distribution to farmers in the Midlands) 
	100 

	Forestry Tasmania district offices (20 forms sent to each of 19 field offices) 
	380 

	Field Naturalists Clubs 
	

	- Tasmanian (south-east) 
	100 

	- North-east 
	50 

	- Launceston 
	15 

	- Deloraine 
	50 

	- Devonport 
	25 

	- Burnie 
	25 

	- King Island 
	12 

	Royal Australian Ornithological Union (Tasmanian subscribers) 
	150 

	Tasmanian Conservation Trust (TCT) 
	500 

	Threatened Species Network members (TCT) 
	100 

	The Wilderness Society (Tasmanian mailout) 
	440 

	Royal Tasmanian Botanic Gardens 
	6 

	Bushwalking Clubs 
	

	- Hobart Walking Club 
	100 

	- Deloraine Walking Club 
	85 

	- West Coast Outdoor Club 
	10 

	- Eastern Shore Ramblers 
	20 

	Animal Rescue, Elizabeth Town 
	10 

	Inland Fisheries Commission (mailed to sample of the 30,000 licensed fisherman) 
	500 

	Hydro Electric Commission (linesman working outside major towns) 
	150 

	Rural Supply Company, Deloraine 
	300 

	"To the Householder" mail to rural roadside or Post Office counter deliveries throughout Tasmania (see below for breakdown of geographic distribution of survey delivery) 
	1146 

	Individuals 
	60 


2.3 Field survey

2.3.1 Survey design
A field survey was conducted to provide both site locations for the predictive modelling of distribution, for assessment of relative abundance in different biogeographic regions of Tasmania and for determination of habitat associations. 

Stratified random sampling was employed to ensure representative coverage of Tasmania. Levels were biogeographic region (IBRA or Interim Biogeographic Regionalisation for Australia; Thackway & Cresswell 1994), then broad forest type (see next paragraph). Either two or three replicate sites were surveyed for each region x forest type. The design is outlined below: 
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Of the 50 forest communities assessed in the CRA process for Tasmania (PLUC 1996), three broad classifications were used in the quoll survey: rainforest, which includes both tall (M+) and short (M-) rainforest; tall eucalypt, which is eucalypt forest over 34 m (E1, E2, E+3); and medium eucalypt, which is eucalypt forest between 17 and 34 m in height (E-3). There was geographic variation within these broad classifications. All rainforest in the south-east (D'Entrecasteaux) has an emergent layer of tall eucalypt trees (although these forests have less than 5 % eucalypt), unlike some rainforest in the western part of Tasmania. Also, there is relatively little and no continuous, large blocks of rainforest in both the Midlands and Freycinet biogeographic regions, so rainforest was not sampled in these two regions. Tall eucalypt forest had a wet understorey at most sites sampled, but a much drier understorey at one of the Ben Lomond sites. Medium eucalypt forest in the eastern half of Tasmania has a dry understorey, but has a wet understorey in the western regions (West South-west). Because the time available for the field project, and therefore the number of sites that could be visited, was limited, it was not possible to examine the effects of logging activities, specifically age of regrowth, on quoll distribution and abundance. Accordingly, sites were restricted where possible to mature forest or otherwise regrowth over 15 years of age. 

Twenty sites within each biogeographic region and forest type were selected randomly using ARCINFO. A site is a grid reference within a P. I. (photographically interpreted structural vegetation type) polygon. To select sites to be visited in the field, the computer generated grid reference was located on a 1: 25 000 map with a P. I. overlay. The closest section of road that passes predominantly through the required forest type for a distance of 5 km was chosen as the field site. Large, continuous blocks of forest were selected if possible. Computer-generated sites were rejected if there was no suitable road access within 5 km. The tight time scale and the timing of the field project necessitated the selection of sites that were accessible by vehicle in wet winter weather conditions, so this bias in the survey design was unavoidable. Consequently, areas remote from roads were not sampled. The relatively low visitation rate by people to remote areas, compared to farmland and roaded areas, meant that these areas were also under-sampled in the public survey. A few sites also proved to be unusable, when visited, for a variety of reasons, including fallen logs and recent logging activities. 

To ensure that all major relevant environmental factors were surveyed representatively, the sample of randomly-chosen sites to be visited was deliberately selected to cover geographic variation within biogeographic regions (see Austin & Heyligers, 1991). For example, sites within each forest type in the Midlands biogeographic region were selected to fall equally in the north and south of the region so that all possible environmental factors were accounted for. Likewise, sites in the Ben Lomond biogeographic region were selected to represent both low and high altitude parts of the region. 

A total of 48 sites were visited between 13 May and 18 August 1996. The breakdown of these by biogeographic region and forest type is presented in Table 3. 

Table 3: Numbers of sites visited during the field survey in each biogeographic region and forest type. 

	Biogeographic region 
	
	Forest Type 
	

	
	Rainforest 
	Tall eucalypt forest 
	Medium eucalypt forest 

	D"Entrecasteaux 
	3 
	2 
	2 

	Freycinet 
	--- 
	3 
	4 

	Midlands 
	--- 
	2 
	3 

	Ben Lomond 
	2 
	3 
	3 

	Central Highlands 
	2 
	2 
	2 

	Woolnorth 
	2 
	2 
	2 

	West South-west 
	3 
	3 
	3 


2.3.2 Hair tube methods and techniques
Both species of quolls are difficult to detect in the wild. Suitable techniques available for surveying these cryptic species are hair tubes, trapping , sand trapping, spotlighting and searching for sign (scats and tracks). Trapping is time-inefficient as trap-placement is critical and capture rates low. Likewise, the time taken to set up sand traps in all but sandy, coastal areas precludes the use of this technique. Too few individuals are seen for spotlighting to be a useful technique for spotted-tailed quolls, so the technique was not employed in this survey. Sighting rates are also low for eastern quolls but are high enough for this to be a useful technique for surveying this species (see section 3.4; Driessen & Hocking 1992). 

Scat and track survey is rewarding but the return per unit effort is quite low. It is best done in conjunction with other survey techniques. The usefulness of this technique will depend on the physical characteristics of the site. Sand tracking is useful in coastal and sandy areas, and along muddy tracks, and scat surveys work well where rocky bluffs, tracks, buildings and rubbish tips provide a focus for quoll activity. Searches were made for scats and tracks at each site, with searches focusing on likely locations. Incidental site records were also obtained from live sightings and roadkills. 

Hair tubes remain the most efficient method for detecting the presence of cryptic species such as quolls (Suckling 1978; Watt 1993). Hair tubes operate on the principle of attracting animals to a bait that is inside a tube, the internal surface of which is covered with a sticky substance or double-sided sticky tape that removes loose hairs as they put their head inside. The bait is preferably secured so that it cannot be removed, to encourage visits by more than one animal. Tubes were designed specifically for the two species of quolls. They consisted of 90 mm diameter PVC pipe cut into 0.5 m lengths, with two small holes drilled at the centre of the pipe and two sets of two holes drilled straight across the edge of the pipe (using a jig) at the quarter and three quarter marks. A piece of bait (beef heart) was suspended in a nylon fly-screen mesh bag in the centre of the tube, using fine galvanised tie wire threaded through the mesh bag and the centre holes. The tubes were tied or nailed (dead logs only) to logs, bushes and small trees by pieces of flexible tie wire threaded through the sets of holes at the quarter markings. The tubes were secured in a horizontal position (to keep them dry) within 1.5 m of the ground. Four pieces of heavy duty cloth sticking tape (Gaffer tape), about 10 cm long, were rolled in a cylinder so they were sticky on all sides and stuck in each end of the tube; a total of eight pieces per tube. This tape was selected because it is very sticky and reasonably resistant to damp. These tubes, and 100 mm diameter tubes (which proved to be too large - the animals could walk through without leaving hairs behind on the tape), were tested on captive spotted-tailed and eastern quolls (at Bonorong Wildlife Park, Brighton, Tasmania) before the design was finalised. 

A pilot study was conducted during May 1996 to determine the most effective density of hair tubes for detecting quolls. Two sites, with differing densities of quolls were surveyed; Cradle Mountain where there is a good population of quolls of both species and the population size is known approximately from the recent study by (Jones 1995); and Freycinet peninsula, where spotted-tailed quolls, at least, are thought to be at low density. Five or ten kilometre transect lines were established with hair tubes at 50 m, 100 m, 200 m and 400 m intervals. The results were inconclusive. No quoll of either species were detected at Cradle Mountain and just eastern quolls were detected at only one tube at Freycinet. Both species were detected by sign at Freycinet though, eastern quolls by tracks on the beach and spotted-tailed quolls by a scat. A standard transect length of 5 km with tubes at 200 m intervals was selected as the most suitable design. This was based on detailed knowledge of the habitat use and movements of both quolls. Abiding the time taken to bait, lay and pick up the hair tubes, and analyse the hair, this design provided a good chance of detecting quolls at a site while maximising the number of sites that could be visited. Hair tubes were left in place for two weeks for logistic reasons. Being winter with cool temperatures, the bait probably remained attractive to quolls for several days to a week. 

Hair left behind on the tapes was identified using Brunner (1974) and the key for Tasmanian mammal species developed by Taylor (1985). Because of the large number of tapes to be examined (9600) and the large number of devils visiting the tubes, several days at the beginning of the project were spent learning to accurately distinguish devil hair from quoll and other hair using a hand lens for use in field conditions. Subsequently, only quoll hair and the hair of devils or other species with which there was any doubt about identification was brought back to the laboratory. 

2.4 Data analysis and modelling

2.4.1 Predicting species distribution - Species Environmental Domain Analysis
Species environmental domain analysis (SEDA) was employed to determine the distribution and the physical environmental domain of both species of quolls from point locations (positive data) collected during the survey. The modelling technique used in SEDA is a module of the CORTEX system, developed in Tasmania by David Peters (GIS section, Parks and Wildlife Service) with support from NFI, ERIN and ANCA. SEDA is derived from BIOCLIM (Nix 1986) and uses the rule based genetic algorithm modelling tool (GARP - Genetic Algorithms for Rule set Prediction) to develop environmental envelopes. It is widely used in conservation research on a wide variety of fauna (eg. threatened beetles, (Meggs 1996); snakes, (Nix 1986); endangered leadbeaters possum, (Lindenmayer et al. 1990); effects of greenhouse climate change on fauna, (Brereton et al. 1995)). 

The CORTEX procedure uses 13 environmental variables (Table 4) mapped on 200 m Tasmanian GIS surfaces. These variables were generated by the Centre for Resource and Environmental Studies (CRES) at the Australian National University and include climate (annual and seasonal precipitation 

Table 4: Environmental variables used in the CORTEX procedure. 

	1 
	Digital elevation model - coarse 

	2 
	Digital elevation model - normalised 

	3 
	Digital elevation model - smoothed 

	4 
	Digital elevation model - relief 

	5 
	Digital elevation model - slope 

	6 
	Digital elevation model - aspect 

	7 
	Topographic wetness index 

	8 
	Annual mean temperature 

	9 
	Annual mean rainfall 

	10 
	Annual temperature range 

	11 
	Co-efficient of variation of mean monthly rainfall 

	12 
	Soil fertility index 

	13 
	Geology 


and temperature), substrate (geology and soil nutrient potential) and topography (elevation, slope, aspect and relief). Climate variables 8 - 11 were selected from 16 bioclimatic parameters available in BIOCLIM (see Busby, 1991), with which there was high correlation in Tasmania (eg. annual mean temperature and rainfall are highly correlated with minimum temperature of the coolest month and precipitation of the driest quarter). 

Species environmental envelopes are formulated as conjunctions of environmental variable ranges (for continuous variables) and variable classes (for categorical variables) averaged for 1 km2 grids (medians and modes respectively) for all of Tasmania (including offshore islands) with observed locations for a species (verified accuracy of 1000 m or less). Initially, an environmental envelope which encloses all observations for a species is constructed. Outlying observations are identified by sequentially removing observations to find which ones maximally increase the certainty of finding the remaining observations in the new, smaller envelope within which they are located. Outlying observations are removed until only an inlying core of observations remains. 

The result of this process is an ordered set of species-environmental envelopes which reflect an increasing certainty of finding at least one record on any grid cell within each successive environmental envelope. Each grid cell for which a prediction is sought is tested to find the most inlying (highest ranking) environmental envelope within which it falls. The certainty of occurrence in the output from the model ranges from 0 to 255, which is equivalent to 0 to 100 % probability. For the purposes of predicting distribution and environmental domain of quolls, this range of certainties was divided into three equal levels. A high level of certainty of finding the species was identified as the core distribution and corresponded to 171 - 255 (67 - 100 % probability). The peripheral distribution was identified as a moderate level of certainty of finding the species and corresponded to 86 - 170 (33 - 67 %). Location records were considered to be outliers if they fell into the 0 -85 (0 - 32 %) range. These levels were used in environmental domain mapping and for determination of conservation status and will be used in the determination of reservation status. 

SEDA is an appropriate and very useful tool for predicting and analysing distribution from point locations derived from several sources as in this survey. Because most of the data points (locations) come from public survey, they are biased by areas people frequent or where there is road access. Using the environmental envelope that has been constructed, SEDA can be used to predict certainty of occurrence in areas where sampling effort is lower or where few records exist (because the species is scarce there). Also, because presence only data is used, areas where there are no observations are given a probability of occurrence rating rather than absence, which would be incorrect. Finally, data points are clustered where population abundance is high or where, for example, one individual animal was repeatedly sighted at a campsite. Because SEDA only uses presence (one or more observations) or absence in a 1 km2 cell, the biases inherent in data from the public survey do not influence the model. 

Only records post - 1980 were included in analyses. There were too few pre - 1980 records to provide any useful information on historical changes in distribution. A total of 577 spotted-tailed quoll records and 493 eastern quoll records, all with an accuracy of equal or more than 1000 m, were used. 

2.4.2 Relative abundance by region and forest type
It was only possible to visit 2 - 3 replicate sites in each biogeographic region and forest type in the 12 weeks available for this field survey. The large number of zero values in the table of results precluded a detailed statistical analysis of association between region and forest type. Results are therefore presented descriptively.
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3.1 Distribution and abundance

3.1.1 Spotted-tailed quoll
Spotted-tailed quoll are distributed state-wide in Tasmania in suitable habitat, although population densities are naturally low everywhere. The probability of occurrence varies substantially, however. The species environmental domain analysis (SEDA) uses the positive data of a grid location where a sighting was made to predict, on the basis of similar environmental characteristics of that site, certainty of occurrence across the state at a resolution of 1 km 2. By using environmental site characteristics, SEDA samples areas where sampling effort was less or where few observations exist (because the species is scarce), such as the remote areas of the west and south-west. Certainty or probability of occurrence is presented at three equal levels, labelled as core, peripheral and outlying distribution. 

The core distribution of the spotted-tailed quoll encompasses the northern coastal strip of Tasmania (Figure 1). It almost exactly follows the high annual mean temperature (14 °C) / low altitude parts of the area of Tasmania with the highest coefficient of variation of monthly rainfall (Figures 3 and 2). This indicates that the key environmental factors driving spotted-tailed quoll distribution in Tasmania are a highly predictable seasonal rainfall (reliable winter rain and summer drought giving rise to a high variation in rainfall across months within years) combined with the warmer temperatures that occur at low altitudes. Although there are a number of soil types of differing nutrient potential across the north coast, much of the rich basaltic soil in Tasmania occurs in this core distribution. These factors combine to produce an environment of high productivity. The correlation of core distribution of spotted-tailed quoll with the area of high productivity is not surprising given that population densities of major prey species of the spotted-tailed quoll, arboreal marsupials and birds, have been shown to correlate with foliage nutrient concentration, which may index with forest productivity (Braithwaite et al. 1989; Braithwaite et al. 1983). 

There are also small areas of core distribution in the deep river valleys of the Gordon and Huon River catchments in southern Tasmania and in a narrow strip along the west coast as far south as Strahan. These areas have a moderately predictable seasonal rainfall and are at low altitude with warmer mean annual temperatures. Sampling effort was lower in the upper reaches of the Gordon and Huon River catchments than in other parts of the state, but further sampling is unlikely to alter these conclusions. Apart from the forested river valleys and coastal strips, the large areas of buttongrass moorland and heathlands in the south-west, west and central highlands do not provide suitable habitat for this forest-dependent species. See section 4.1, point 1) for further discussion. 

The peripheral distribution includes areas with a highly predictable seasonal rainfall at medium altitude with cool mean annual temperatures, or moderate to high predictability in rainfall with a high rainfall at low to medium altitudes. These areas correspond to an east-west band across northern Tasmania inland of the coastal strip, and parts of the south-west and southern regions of Tasmania, respectively (Figure 1). Areas of slightly lower probability of occurrence in the peripheral distribution are the warm, dry, low altitude coastal areas of the east and south-east and the warm, dry, low altitude parts of the central Midlands. 

Probability of occurrence of spotted-tailed quolls is low at moderate altitudes where there is only a low or moderately predictable seasonality in rainfall. Spotted-tailed quolls are not predicted to occur at high altitudes. 

The species model produced by the SEDA is very close to the actual point locations for spotted-tailed quolls (Figure 4). The Spotlight Survey Database (Greg Hocking, Tasmanian Parks and Wildlife Service) provides an opportunity for an independent check of distribution and abundance. The distribution and abundance of spotted-tailed quoll sightings in the spotlight survey data base are similar to the distribution of point locations from the field and public survey and the core and peripheral distributions predicted in the modelling. 

Sampling intensity was lower in the remote areas of central, southern and south-western Tasmania, although special effort, through approaching veteran bushwalkers, was made to increase the reportage rates from these areas. Further sampling would be unlikely to alter these results, but would produce a tighter delineation between black (core) and white (low probably of occurrence) areas. With further sampling, parts of the southern peripheral distribution along the river valleys may become black or core distribution, and the areas between the river valleys, which are largely unsuitable habitat of buttongrass moorland and low eucalypt scrub (E5), would become lighter. It is clear from a comparison of figures 1 and 3 that a cluster of data points in a remote area does not necessarily transfer into a black or core area; for example the clusters of sites on South West Cape and between Kelly Basin and Queenstown. The point needs to be made here that individual spotted-tailed quoll readily habituate to people and are highly visible as they scavenge around campsites and huts. This gives a false impression of abundance as usually only one or two individuals are present. 

Relative abundance, as assessed by 1) the percentage of sites in a biogeographic region visited and 2) the percentage of tubes at a site visited by a spotted-tailed quoll, is highest in the north of Tasmania, directly reflecting the areas identified as core distribution. Spotted-tailed quolls were recorded at 63% of sites in the north-east (Ben Lomond biogeographic region), and at 29% in the north-west (Woolnorth), compared to values ranging from 14% to 20% in the south and east (Tables 5 and 6). The high value of 33% of sites in the Central Highlands is attributable to the road-less and inaccessible nature of the central highlands. Many sites were at the boundary of this region with the Woolnorth region, which is better roaded. The west coast (West South-west) was intermediate, with spotted-tailed quolls recorded at 25% of sites visited. Strike rates, the percentage of tubes at a site visited by a spotted-tailed quoll, were much higher in the north-west (11.4%) than elsewhere in Tasmania (0 - 3%). This suggests that populations densities of spotted-tailed quolls are highest in the north-west of Tasmania, the catchments of the Arthur and Montagu Rivers, data supported by the "hot spots" indicated by the public survey (see below). 

"Hot spots", small geographic areas which produced large numbers of sightings in the public survey or where a high strike rate was recorded during the field survey, reflect the core distribution. They include the entire catchments of the Arthur and Montagu Rivers in the north west of Tasmania; and the central north coast area, bounded by the Tamar River in the east, Devonport to the west, and south to the edge of the central highlands. The Waterhouse Protected Area and Cape Portland, and the rainforest between Queenstown and Strahan, and in the King River valley, also produced numerous sightings. "Hot spots" or high density of sightings are different to high probability of occurrence, however, and do not influence the SEDA model. They most likely represent areas of relatively higher density of spotted-tailed quolls. Caution is required in interpreting abundance from information that comes from the public. Individual spotted-tailed quolls readily become habituated to people and regularly visit campsites and shacks for food sites. They are highly visible, giving the impression of abundance, but usually only one or two individuals are involved. 

Data from the field survey suggest that spotted-tailed quolls are widely distributed in the north of Tasmania, especially the north-east, but that populations are not in high density anywhere. The north-west supports higher densities than any other part of Tasmania. This is supported by the public survey, where spotted-tailed quolls were always reported as being scarce compared to eastern quolls. They were reported as being common in only eight areas, compared to seen regularly at 15 sites and scarce at 29 sites. (Note the precaution about interpreting abundance from sightings.) This contrasts with the public responses for eastern quolls. Eastern quolls were reported as common at 48 sites, seen regularly at 12 sites and scarce at 12 sites. 

Table 5: Percentage of sites in each biogeographic region and forest type where spotted-tailed quolls were recorded. 
Number of sites in brackets. Relatively little rainforest occurs in either the Midlands or Freycinet regions so it was not sampled. See Table 9 for a breakdown of method of detection. 

	Biogeographic region 
	
	Forest type 
	
	Row totals 

	
	rainforest 
	tall eucalypt 
	medium eucalypt 
	

	D’Entrecasteaux 
	33 (3) 
	0 (2) 
	0 (2) 
	14 (7) 

	Freycinet 
	--- 
	0 (3) 
	25 (4) 
	14 (7) 

	Midlands 
	--- 
	50 (2) 
	0 (3) 
	20 (5) 

	Ben Lomond 
	50 (2) 
	100 (3) 
	33 (3) 
	50 (8) 

	Woolnorth 
	100 (3) 
	50 (2) 
	50 (2) 
	29 (7) 

	Central Highlands 
	50 (2) 
	0 (2) 
	50 (2) 
	17 (6) 

	West South-west 
	100 (2) 
	0 (3) 
	0 (3) 
	25 (8) 

	Column totals 
	67 (12) 
	29 (17) 
	21 (19) 
	35 (48) 


Table 6: Percentage strike rate (percentage of hair tubes at a site visited) by spotted-tailed quolls in each biogeographic region and forest type. 
Number of sites in brackets. For row and column totals number of sites, range and standard deviation in brackets. Relatively little rainforest occurs in either the Midlands or Freycinet regions so it was not sampled. 

	Biogeographic region 
	
	Forest type 

% strike rate 
	
	Row totals 

	
	rainforest 
	tall eucalypt 
	medium eucalypt 
	

	D’Entrecasteaux 
	1.3 (3, 0-4, 0.02) 
	0 (2) 
	0 (2) 
	0.6 (7, 0-4, 0.02) 

	Freycinet 
	--- 
	0 (3) 
	0 (4) 
	0 (7) 

	Midlands 
	--- 
	6.5 (2, 0-13, 0.09) 
	0 (3) 
	3.0 (5, 0-13, 0.06) 

	Ben Lomond 
	0 (2) 
	4.0 (3, 4-4, 0) 
	1.3 (3, 0-4, 0.02) 
	2.0 (8, 0-4, 0.02) 

	Woolnorth 
	14.7 (3, 4-36, 0.19) 
	4.0 (2, 0-8, 0.06) 
	14.0 (2, 0-28, 0.2) 
	11.4 (7, 0-36, 0.15) 

	Central Highlands 
	0 (2) 
	0 (2) 
	2.0 (2, 0-4, 0.03) 
	0.7 (6, 0-4, 0.02) 

	West South-west 
	6.0 (2, 4-8, 0.03) 
	0 (3) 
	0 (3) 
	1.5 (8, 0-8, 0.03) 

	Column totals 
	5.0 (12, 0-36, 0.1) 
	1.9 (17, 0-13, 0.04) 
	1.9 (19, 0-28, 0.06) 
	2.7 (48, 0-36, 0.07) 


Figure 1: Distribution of spotted-tailed quolls represented as the certainty of occurrence in 1 km2 grid blocks.
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This is predicted by species environmental domain analysis (which was based on 577 post-1980, location-verified observations, with an accuracy of 1000 m or more). 

Black = high probability of occurrence (67 - 100 %) defined as core distribution; grey = moderate probability of occurrence (34 - 66 %) defined as peripheral distribution; white = low probability of occurrence (0 - 33 %) defined as outliers. 

Figure 2: Seasonality of rainfall across Tasmania.
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This map is based on the coefficient of variation of monthly rainfall. Areas with a highly predictable seasonal rainfall show in red (= 405 mm). Decreasing seasonality grades through orange and green to blue (= 103 mm), which represents areas where there is seasonality of rainfall is not predictable (these areas are so dry, summer showers disrupt any seasonal patterns). 

Figure 3: Mean annual temperature in Tasmania.
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Red = 13.8°C. Blue = 3.3°C. Mean annual temperature correlates closely with elevation. 

Figure 4: Plot of post-1980, location-verified sightings.

[image: image5.jpg]



This has an accuracy of 1000 m or more, of spotted-tailed quolls on which the species environmental domain was based. Total number of observations = 577. 

3.1.2 Eastern quoll
Eastern quoll are also distributed state-wide in Tasmania in suitable habitat. The probability of occurrence varies substantially, however. 

Core distribution of eastern quoll correlates very closely with low mean annual rainfall (Figures 5 and 6). Eastern quoll are a species of the dry eastern half of Tasmania. The core distribution within this area is quite patchy, however, for unknown reasons. The patchiness does not appear to correlate with any of the environmental variables used in the SEDA. Peripheral distribution includes the areas of moderate rainfall in the north-western coastal strip and its hinterland, and the north-eastern highlands. 

There are no apparent correlations with any other environmental variables except that eastern quoll are not predicted to occur at the highest altitudes. There is a low probability of occurrence in the western third to half of Tasmania south of the northern coastal strip, although sightings indicate that eastern quoll are present throughout this region. This is the area of highest rainfall. As with spotted-tailed quoll, eastern quoll are bold around people and a few individuals regularly sighted at a campsite or hut can give a false impression of abundance. 

The species model produced by the SEDA is quite close to the actual point locations for eastern quolls (Figure 7). There are two areas predicted as being core distribution, however, for which there are very few sightings recorded: the north coast between the Tamar River and Wynyard and the east coast between Coles Bay and Bicheno. Both of these areas have large numbers of people so the paucity of records is surprising. The Spotlight Survey Database (Greg Hocking, Tasmanian Parks and Wildlife Service, personal communication) provides an opportunity for an independent check of distribution and abundance. The distribution and abundance of eastern quoll sightings in the spotlight survey data base are similar to the distribution of point locations from the field and public survey and the core and peripheral distributions predicted in the modelling. 

Eastern quolls were only detected at four sites out of a total of 48 sites in the field survey (Table 7). As eastern quolls are more easily trapped in wire cage traps than spotted-tailed quolls, and will become trapped in small mammal traps which are a tube of similar dimensions to the hair tubes used in this survey, this is unlikely to reflect an aversion to hair tubes but probably realistically reflects abundance at the sites. All of these sites (Woolnorth; Ben Lomond; 2 sites at Freycinet) were in the north, north-east or east of Tasmania, within the core distribution of the eastern quoll (Tables 7 and 8, Figure 5). (The Woolnorth site was near Westbury, in the eastern part of this region.) The strike rate, the percentage of tubes at a site visited by an eastern quoll, was low at all sites. This indicates that eastern quoll populations are at low density within large continuous blocks of forest, where the field survey sites were located. This information is useful in interpreting the habitat data from the Public Survey (see section 3.2 Habitat Associations). 

There are several main "hot spots" for eastern quoll, from where large numbers of sightings and high abundances were reported in the public survey. In the south of the state, these are: Nicholl's Rivulet - Cygnet - Petcheys Bay, Judbury - Glen Huon and North Bruny Island, all south of Hobart; Sorell - Nugent - Kellevie east of Hobart; Rheban south of Orford; Whiteford west of Buckland; and Broadmarsh - Elderslie in the Derwent Valley. Three major "hot spots" were recorded on the Central Plateau, Lake Lea near Cradle Mountain, Brady's Lake - Bronte Lagoon, and Lake Sorell. In the north of the state, numerous sightings came from the eastern side of the Tamar River, Ringarooma and Tomahawk near the Waterhouse Protected Area. In the eastern tiers, Lake Leake and Tooms Lake have good populations. 

Table 7: Percentage of sites in each biogeographic region and forest type where eastern quolls were recorded. 
Number of sites in brackets. Relatively little rainforest occurs in either the Midlands or Freycinet regions so it was not sampled. See Table 9 for a breakdown of method of detection. 

	Biogeographic region 
	
	Forest type 
	
	Row totals 

	
	rainforest 
	tall eucalypt 
	medium eucalypt 
	

	D’Entrecasteaux 
	0 (3) 
	0 (2) 
	0 (2) 
	0 (7) 

	Freycinet 
	--- 
	0 (3) 
	50 (4) 
	29 (7) 

	Midlands 
	--- 
	0 (2) 
	0 (3) 
	0 (5) 

	Ben Lomond 
	0 (2) 
	0 (3) 
	33 (3) 
	13 (8) 

	Woolnorth 
	0 (3) 
	0 (2) 
	50 (2) 
	14 (7) 

	Central Highlands 
	0 (2) 
	0 (2) 
	0 (2) 
	0 (6) 

	West South-west 
	0 (2) 
	0 (3) 
	0 (3) 
	0 (8) 

	Column totals 
	0 (12) 
	0 (17) 
	21 (19) 
	8 (48) 


Table 8: Percentage strike rate (percentage of hair tubes at a site visited) by eastern quolls in each biogeographic region and forest type. 
Number of sites in brackets. For row and column totals number of sites, range and standard deviation in brackets. Relatively little rainforest occurs in either the Midlands or Freycinet regions so it was not sampled. 

	Biogeographic region 
	
	Forest type 

% strike rate 
	
	Row totals 

	
	rainforest 
	tall eucalypt 
	medium eucalypt 
	

	D’Entrecasteaux 
	0 (3) 
	0 (2) 
	0 (2) 
	0 (7) 

	Freycinet 
	--- 
	0 (3) 
	0.5 (4, 0-2, 0.01) 
	0.3 (7, 0-2, 0.01) 

	Midlands 
	--- 
	0 (2) 
	0 (3) 
	0 (5) 

	Ben Lomond 
	0 (2) 
	0 (3) 
	4 (3, 0-12, 0.07) 
	1.5 (8, 0-12, 0.04) 

	Woolnorth 
	0 (3) 
	0 (2) 
	0 (2) 
	0 (7) 

	Central Highlands 
	0 (2) 
	0 (2) 
	0 (2) 
	0 (6) 

	West South-west 
	0 (2) 
	0 (3) 
	0 (3) 
	0 (8) 

	Column totals 
	0 (12) 
	0 (17) 
	0.7 (19, 0-12, 0.03) 
	0.3 (48, 0-12, 0.17) 


Figure 5: Distribution of eastern quolls represented as the certainty of occurrence in 1 km2 grid blocks.
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This is predicted by species environmental domain analysis (which was based on 493 post-1980, location-verified observations, with an accuracy of 1000 m or more). Black = high probability of occurrence (67 - 100 %) defined as core distribution; grey = moderate probability of occurrence (34 - 66 %) defined as peripheral distribution; white = low probability of occurrence (0 - 33 %) defined as outliers. 

Figure 6: Mean rainfall in Tasmania.
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Red = 3546 mm. Blue = 445 mm 

Figure 7: Plot of post-1980, location-verified sightings.
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This has an accuracy of 1000 m or more, of eastern quolls on which the species environmental domain was based. Total number of observations = 493. 

3.1.3 Areas of overlap of core distribution with that of other large dasyurid carnivores
Comparison of the SEDA-generated predictive distribution maps of all three dasyurid carnivores in Tasmania (spotted-tailed quoll, eastern quoll and Tasmanian devil), reveals the areas where core and peripheral distributions overlap and where core distributions of each species are exclusive to the core distributions of other species (see Figure 8 for the Tasmanian devil). This is an important exercise as the three species form a guild in which competition for food is a significant force influencing morphological size relationships and possibly relative abundance (Jones 1995). 

The triangular area defined by Wynyard on the north west coast, Poatina in the northern Midlands/Great Western Tiers and Gladstone in the north east has a roughly equal probability of occurrence of all three species of dasyurid carnivores. This represents the major zone of sympatry for all three species in the most species rich guild of the world’s largest marsupial carnivores. 

3.1.4 Areas of exclusive core distribution
There are no parts of the core distribution of either the spotted-tailed or the eastern quoll which are totally exclusive, that is, they do not overlap with the core or peripheral distributions of other species of quoll or devil. However, the north west corner of the state, encompassing the Arthur River and Montagu River catchments, is the largest area of core distribution for spotted-tailed quolls. This area is only peripheral distribution for devils and eastern quolls are very scarce. Studies suggest that the degree of competition experienced by spotted-tailed quolls, the middle-sized species, is more severe than that experienced by the other two species and may be partly responsible for the low densities and population size of spotted-tailed quolls in undisturbed habitats (Jones 1995). The highest densities of spotted-tailed quoll in Tasmania, as measured by strike rate, were recorded from this north-west region. This could be a combination of suitability of habitat and release from competition with Tasmanian devil and eastern quoll. As spotted-tailed quoll have a low total population size in Tasmania, have declined dramatically historically and are probably still declining on the mainland, and are listed as nationally Vulnerable (see section 3.4) (CRA 1996; Maxwell et al. 1996), this north west area, with the highest densities recorded and the only exclusive core distribution should be given further consideration as a potentially important area for the conservation of spotted-tailed quoll in Tasmania. 

Figure 8: Distribution of Tasmanian devils represented as the certainty of occurrence in 1 km2 grid blocks.
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This is predicted by species environmental domain analysis (which was based on 230 observations). Black = high probability of occurrence (67 - 100 %) defined as core distribution; grey = moderate probability of occurrence (34 - 66 %) defined as peripheral distribution; white = low probability of occurrence (0 - 33 %) defined as outliers. 

No part of the core distribution of eastern quolls is exclusive of the core distributions of other dasyurid carnivores. Other than the north coast, there is little overlap with spotted-tailed quolls, their closest competitor. Their core distribution does overlap almost entirely with that of Tasmanian devils, although there is little direct competition between these two species. 

3.1.5 Changes in abundance
No clear changes in abundance are indicated for spotted-tailed quolls from the public survey and they are sighted too infrequently in the standardised Tasmanian annual spotlight surveys (Driessen & Hocking 1992) for useful information on changes in abundance to be derived. Of the 63 responses to the question about changes in abundance over a 20 year or more period, 19 (30%) reported a decline, 22 (35%) reported that numbers had stayed the same and 22 (35%) reported that numbers had increased. In several cases spotted-tailed quolls were reported in two separate categories by different people from the same area. Public perceptions of changes in abundance must always be treated with caution. 

Spotted-tailed quoll have probably gone extinct on the only two offshore islands of Tasmania where they occurred in historic times; King Is. and Flinders Is. They were present on both islands last century when Europeans arrived (Hope 1972) and the species environmental domain analysis predicts that good habitat exists for spotted-tailed quoll on both King and Flinders Islands. The last record in the literature for spotted-tailed quoll on King Is. was in 1923 (Green & McGarvie 1971). A specimen collected as recently as 1977 is lodged in the Queen Victoria Museum in Launceston, Tasmania, but from the weathered appearance of the skull, it is likely that it eroded out of a sand dune. One report was received from King Island in the public survey of a population persisting until at least 40 years ago. Spotted-tailed quoll have not been reported on Flinders Island this century in the literature (Hope 1972) but a "reliable" report was received from noted naturalist Derek Smith of a quoll seen in a poultry pen at a property near Killiecrankie in the north of the island 5 years ago. Despite publishing the "Quoll Survey" twice in island newspapers (Chris Arthur, Ranger, Flinders Island), no further reports were received during this survey. It is feasible, but unsubstantiated, that spotted-tailed quoll are persisting at very low population densities on Flinders Island. 

The standardised annual Tasmanian spotlight surveys (Driessen & Hocking 1992; Hocking & Driessen 1992) provide the best information on changes in abundance of eastern quolls in Tasmania. Over the last 15 years there has been a slight overall increase in eastern quoll abundance in Tasmania. This is weakly supported by the public survey, although these results must be treated with caution and they vary little from one third of responses in all three categories. Of the 80 responses detailing changes in abundance, 29 (36%) reported no change, while more responses reported an increase (28 or 35%) than reported a decrease (23 or 29%). 

Information on changes in abundance provided by the public indicated that in some long-established farming areas, such as the southern Midlands near Oatlands, eastern quolls are more abundant than they were 50-100 years ago. This was attributed to the replacement of strychnine as a poison bait for rabbits, macropods and possums by 1080 (monosodium fluoroacetate) and a reduction in the availability of poisons. Secondary poisoning and accidental primary poisoning is not as high a risk with 1080 as it is with strychnine. Also 1080 is strictly controlled whereas strychnine was available over the counter and used freely. 

Eastern quolls may have declined, however, in some parts of the Midlands where the original native grassland and grassy woodland habitat has been extensively cleared. Information from the public survey suggests they are absent or very scarce around Bothwell in the southern Midlands, and Hamilton in the Derwent Valley, where there is little ground cover suitable for refuges; while they are abundant in adjacent areas such as Stonor and Elderslie, where large areas of, albeit fragmented, dry eucalypt forest and woodland remain. Eastern quolls are also scarce in the Bracknell, Cressy, Longford area of the northern Midlands where again, almost no original vegetation remains, although exotic weeds provide some cover. In recent decades, eastern barred bandicoots (Perameles gunnii) have disappeared from or declined in parts of the Midlands where the amount of ground cover suitable for refugia is minimal (Mallick in review). Although they do use underground burrows in open grassland, eastern quoll may be susceptible to decline with extensive land clearance. That no eastern barred bandicoots were trapped during a survey of suitable pockets of habitat within the large "hole" in their distribution in the Midlands, but both eastern quolls and spotted-tailed quolls were trapped at three of the eight sites (Haseler 1995) indicates that quolls are not as susceptible as bandicoots to decline with removal of vegetative cover. As their patchy distribution through the Midlands suggests that some decline may have occurred, though, this needs to be investigated further. 

Local declines in eastern quoll populations resulting from increased traffic speed after sealing of the Cradle Mountain Tourist Road (Jones 1993), after development of urban and semi-rural subdivisions and after changes in vegetation structure (scrub growing up) over a 20 year period (all public survey) have been reported. Eastern quoll populations on farmland do fluctuate quite dramatically with population cycles of larval insect prey species (Godsell 1983). 

3.2 Habitat associations

3.2.1 Spotted-tailed quoll
Data from the field survey suggest that spotted-tailed quolls are more widespread and abundant in rainforest than in either tall or medium eucalypt forest, and they are more widespread in tall eucalypt forest than in medium (Tables 5 and 6). The highest strike rate was observed in a patch of rainforest mixed with blackwood (Acacia melanoxylon) swamp forest. These results are consistent with the only other study conducted on habitat associations of quolls in Tasmania. At Cradle Mountain in northern Tasmania where there is a mosaic of small patches of rainforest, eucalypt forest and grassland, spotted-tailed quolls spend most of their time in the rainforest, followed by eucalypt forest and spend little time in open habitats (Jones 1995). 

As the field survey employed random stratified sampling of, where possible, large areas of continuous, mature eucalypt or late regrowth eucalypt forest, the data on habitat associations are unbiased, except by proximity to minor roads. They provide a baseline for interpretation of the information from the public survey. Responses from the public survey on the habitat in which a quoll was sighted indicate that spotted-tailed quolls were seen most frequently in cleared land, followed by tall and medium eucalypt forest (Table 9). They were seen less frequently in rainforest and infrequently in grassy woodland. A few sightings were recorded from native grassland/alpine habitats, urban or rural/residential areas and pine plantations. These results show that spotted-tailed quolls are found in all major habitats in Tasmania, including farmland, urban areas and in pine plantations but 1) they reflect the biases inherent in the public survey and 2) they tell us nothing of the spatial and temporal context of a sighting. 1) Above all, the sightings reflect where people spend time. Sightings occur most frequently on roads, followed by quolls visiting poultry pens, houses and campsites for food. Thus, cleared land is over-represented and rainforest is under-represented in the public survey. 2) A sighting of a spotted-tailed quoll in an urban area, a pine plantation or on cleared land does not mean that spotted-tailed quolls are resident or can survive solely in those habitats. They may be passing through briefly or are attracted to a food source in or on the other side of that habitat. In 50 % of the sightings reported in farmland or in pine plantations, there was eucalypt forest nearby. Also, at Cradle Mountain in natural habitat, spotted-tailed quolls avoid open grassland habitats except when there is food (carcass or scraps) placed in the open near the forest edge (Jones 1995). This suggests that spotted-tailed quolls live within the forest or in forest remnants and make forays out onto cleared land where there is easy food in the form of poultry that is not adequately protected. In most parts of the core distribution of the spotted-tailed quoll, farmland is interspersed with forest patches. Only in the Midlands are there large expanses (several kilometres in all directions) of cleared land. Spotted-tailed quolls are occasionally seen in these parts of the Midlands but they are scarce. The individuals sighted may be dispersing between the forested eastern and western tiers, a distance of 30 - 40 km, quite a feasible movement for this species. 

No assessment of the distribution of spotted-tailed quolls in relation to mature eucalypt forests as compared to regrowth eucalypt forests or eucalypt plantations is possible from the data available in this survey. 

3.2.2 Eastern quoll
Eastern quoll were detected in only 4 out of 48 sites during the field survey. This probably realistically reflects low abundance in large, continuous blocks of forest (see comments in section 3.1.2). All four records were in medium eucalypt forest (Tables 7 and 8). These data are too few to tell us anything about the forest types eastern quolls are associated with other than they are in low population densities in large, continuous areas of forest. This is supported by results from the study at Cradle Mountain, the only previous study to examine habitat associations in eastern quoll in natural habitat. At Cradle Mountain, where there is a mosaic of open grassland and forest, eastern quoll usually den within forest, but spend most of their foraging time in the open grassland (Jones 1995). The adjacent forest is used for dens, however, regardless of whether it is rainforest or eucalypt forest. Godsell (1983) found eastern quolls on cleared land usually denned in the adjacent tall eucalypt forest. 

Information on habitats where eastern quolls were sighted in the public survey support the view that eastern quolls are found in more open habitats than spotted-tailed quolls despite the biases in the public survey method. Eastern quolls were most commonly seen on cleared land, followed by medium eucalypt forest and grassy woodland (Table 9). Sightings were less common in tall eucalypt forest. A few sightings came from rainforest, urban areas and pine plantations. As with spotted-tailed quolls, many of these sightings could be of individuals in transit or attracted to food. Very few sightings were reported from grassland/alpine areas but these are not common habitats and are comparatively poorly visited. Although habitat associations, as assessed by the sightings reported by the public are likely to be biased by where people spend time at night, the biases are unlikely to be different for spotted-tailed than for eastern quolls. What the sightings from the public survey do tell us is that eastern quolls are seen more frequently in drier forests and less frequently in wetter forests than spotted-tailed quolls. The highest recorded densities of eastern quolls are on cleared land where it is adjacent to forest (Godsell 1983) and in native grassland. This indicates that eastern quolls can coexist with and even benefit from agriculture. The high population density in the open grassland at Lake Lea, which den in rocky areas or in the depressions provided by sinkholes (Diane Moyle, personal communication), indicate that eastern quolls can, if the foraging habitat is of high quality, live in open grassland habitats away from forest. 

Table 9: Percentage of sightings in different habitat types recorded by participants in the public survey. 

	Species 
	
	
	
	Habitat 
	Type 
	
	
	

	
	Rain-forest 
	Tall eucalypt forest 
	Medium eucalypt forest 
	Grassy wood-land 
	Grass-land / alpine 
	Cleared land 
	Urban 
	Pine plant-ation 

	spotted-tailed quoll 

(n = 283) 
	12 
	22 
	22 
	9 
	3 
	26 
	4 
	<3 

	Eastern quoll 

(n = 339) 
	7 
	15 
	23 
	19 
	6 
	27 
	2 
	<1 


3.3 Conservation status

3.3.1 Spotted-tailed quoll
Dasyurus maculatus maculatus has recently been recommended for listing as Vulnerable nationally (Maxwell et al. 1996) using IUCN criteria (IUCN, 1994). The total population size of D. m. maculatus in Australia is unknown but is suspected to be decreasing. The area occupied by spotted-tailed quolls has declined by between 25 and 74%. No monitoring is currently being undertaken. Spotted-tailed quoll is classified as a potentially vulnerable species requiring monitoring in (VAC 1994). 

This survey represents the first study of the distribution, environmental domain and habitat associations of the spotted-tailed quoll in Tasmania. While there remain significant data gaps (see Section 4.0) this study has provided enough information on distribution and abundance to make a first estimate of the population size in Tasmania and, therefore, to place more confidence in the existing assessment of conservation status. Conservation status, which requires an estimate of populations size, should be assessed, even though the information required to make a confident or accurate assessment is lacking. The conservation of spotted-tailed quoll and eastern quoll and the prevention of a decline is important (and prevention is often less expensive than recovery), so the available information should be used to derive the best estimate possible. 

A first estimate of the total size of the Tasmanian population of the spotted-tailed quoll is from less than 3,125 mature individuals to more than 4,167, with a median of 3,646. It must be stressed that this is the first attempt at an estimate of population size and is based on very few density data of quoll populations. The rules used to derive the estimate are set out below, so that it is clear how the estimate was derived, and so that it can be recalculated as further information becomes available. 

The only two locations for which an estimate of density of spotted-tailed quolls can be made are Cradle Mountain (Jones 1995) and Mount William National Park (David Pemberton, personal communication). Taking into account broadly overlapping home ranges and edge effects of the study area, the estimates are 1 per 4 km2 for Cradle Mountain and 1 per 17 km2 for Mount William National Park. Both of these areas are in peripheral distribution although the population at Cradle Mountain is thought to be reasonably good. 

Taking 1 per 3 km2 as an estimate of maximum population density in core distribution (population density is unlikely to be higher in this obligate predatory carnivore) and multiplying by the area of core distribution plus half the area of the peripheral distribution because population densities are probably lower in the peripheral distribution (this equals the extent of occurrence adjusted for possible differences in density between core and peripheral distributions. This = approximately 15,000 km2 for core distribution + half of 20,000 km2 for peripheral distribution = 25,000 km2) the total population estimate is 8,333. Quolls also occur in areas of outlying distribution but are likely to be at very low density or very patchily distributed, so have not been included in this estimate. 

An estimated one half of the core distribution has been cleared for farmland and some of the remaining half has been logged in the last 15 years. The effect of both clearing for farmland and clear-felling for timber-harvesting on spotted-tailed quoll populations is unknown. While they are recorded in cleared land, the individuals that are sighted have often been attracted to poultry sheds. The temporal or spatial context of their location at that time is unknown. They may have left the forest only to visit the poultry run. Likewise, spotted-tailed quolls have been sighted in regrowth eucalypt forest older than 15 years, in mature eucalypt forest near recently clear-felled coups and a couple of sightings even came from pine plantations, but the context of the sighting, the amount time spent in those habitats and whether the individual was travelling through or resident is unknown. Applying reduction rules to account for possible depression of populations in cleared land and recently logged forest, one half (non-cleared) of 8,333 gives an estimate of total population size for Tasmania of 4,167 mature individuals. This value should be reduced to take account of possible depressive effects of clear-fell forest practises and conversion of forest to plantation. The amount by which they should be cannot be estimated at the time of writing. 

If a quoll density of 1 per 4 km2 (the most accurate density estimate for a Tasmanian population) is used, the total population size estimate for Tasmania is 3,125 or less, accounting for effects of logging. Best estimates, depending on the criteria used, range from less than 3,125, to take effects of logging activities into account, to more than 4,167, to account for the individuals in the areas of outlying distribution. The median value of this estimate is 3,646. These values should be taken as a first estimate. 

Applying IUCN criteria (IUCN 1994) to the above estimates of the Tasmanian population, spotted-tailed quoll are close to qualifying for Vulnerable status but do not quite get there. It almost qualifies on point B. While extent of occurrence is state-wide, about 65,000 km2, well above 20,000 km2, the maximum acceptable value in the criteria; a continuing decline is occurring in 2. (c) area, extent and quality of habitat and therefore possibly in 2. (d) the number of locations or subpopulations and 2. (e) the number of mature individuals. The conservation status of spotted-tailed quoll in Tasmania, using IUCN classifications, should therefore be Lower Risk - Near Threatened. This is equivalent to their current Tasmanian status, potentially vulnerable requiring monitoring (VAC 1994). It is a species urgently requiring monitoring for the following reasons. 1) It occurs at naturally low densities so total population size is small. 2) Much of its core distribution is on private land or Forestry Tasmania land, and the impacts of forestry practices and land clearance for farmland on populations are unknown, and 3) Parts of two of the four identified "hot spots" (the Montagu River catchment in the vicinity of Buckby’s Road, and Dolerite Road and Smith and Others Road between Wurra Wurra Hills and West Frankford) are currently being converted to eucalypt plantations, which have an unknown effect on spotted-tailed quolls. 4) They are a forest-dependent species. 5) Introduced European foxes (Vulpes vulpes) are implicated as a threatening process for spotted-tailed quolls on the mainland. A fox abatement program is required in Tasmania. 

While the conservation status of spotted-tailed quoll is the same as that of eastern quoll in Tasmania, spotted-tailed quoll should receive higher priority because it has much lower population densities and total population size, and is probably forest-dependent. Also, as a top predator and obligate carnivore of mammals and birds, spotted-tailed quoll do not have the flexibility in diet which eastern quoll, as insectivore / carnivore / partly omnivores, have. This may be expressed in a lower ability to adapt to environmental change. There has probably been a net loss of habitat for spotted-tailed quolls in Tasmania as a result of land clearance. There is no indication that spotted-tailed quolls coexist or benefit from agriculture to the same extent that eastern quolls do. 

3.3.2 Eastern quoll
Dasyurus viverrinus is listed as Lower Risk (Maxwell et al. 1996) and as Vulnerable on Schedule 2 of the Commonwealth Endangered Species Protection Act 1992. The population size of the eastern quoll was unknown (and is still uncertain), the size of its distribution is less than 1% of Australia and the area it occupies has declined by between 75 and 89%. It is classified as a potentially vulnerable species requiring monitoring in Tasmania (VAC 1994). 

As with the spotted-tailed quoll, this survey represents the first study of the distribution, environmental domain and habitat associations of the eastern quoll in Tasmania. While there remain significant data gaps (see Section 4.0) this study has provided enough information on distribution and abundance to make an estimate of the population size in Tasmania, required for the assessment of conservation status. The same need for and cautions in these estimates of population size and conservation status, as were discussed for the spotted-tailed quoll, apply to eastern quoll. 

A first estimate of total population size of eastern quolls (extant only in Tasmania) is between 38,150 to 98,000, with a median of 68,075 mature individuals. The very large range is indicative of the paucity of information on density and distribution from which these estimates were calculated. This figure is derived using the following rules. Density estimates available for Tasmania range from 1 per 1 km2 in mixed forest and alpine habitat at Cradle Mountain (Jones 1995) to 10 per 1 km2 in native grassland (Diane Moyle, personal communication) and to 40 per km2 in cleared farmland bordering forest (Godsell 1983). The latter two are representative of "hot spots", areas of high density identified from the public survey. These areas are often limited in extent, however; for example, the native grassland site at Lake Lea is less than 20 km2 in extent, with densities declining nearby to 1 per 1 km2. Densities over most of the intervening areas are likely to be very low, less than 1 per 1 km2, because distribution is patchy (Figure 2) and significant declines in habitat quality have occurred (see next paragraph). This large variation in density and lack of information on distribution of different densities means that the range of estimates of total population size is wide. A value of about 35,000 km2 for distribution size was derived from the area of core distribution plus half the area of the peripheral distribution, where densities may be much lower (approximately 30,000 km2 + half of 10,000 km2). As the core distribution indicated in the model (Figure 2) is fragmented, the area is probably smaller than this. 

Four sets of calculations have been applied to these estimates of density and distribution area. The proportion of the distribution representing areas of high density has been estimated, using the available knowledge, at both 5 % and 1 %. The real value is not known. Estimates of population size have been calculated using density levels in the high density areas of both 10 per km2 and 37 per km2. Density levels for the remaining 95 % and 99 % have been set at 1 per 1 km2. The four estimates of population size resulting from the calculations are: 5 % high density at 10 per km2 - less than (on account of patchiness of the core distribution) 66,500; 5 % high density at 37 per km2 - less than 98,000; 1 % high density at 10 per km2 - less than 38,150; and 1 % high density at 37 per km2 - less than 47,600. About one tenth of the core distribution has been extensively cleared and has very little ground cover remaining (see Kirkpatrick & Dickinson 1982). The effect of extensive clearance of native vegetation on cleared farmland on eastern quoll populations is unknown but is thought to be responsible for the decline of the eastern barred bandicoot in the Midlands (Mallick in review). Results of this survey indicate that eastern quoll have not declined to the same extent as barred bandicoot, but that it is absent from some areas with little cover. If this is taken into account, the population estimates are probably less. The range of population estimates is then (less than) 38,150 to 98,000, with a median value of less than 68,075. These values must be taken as first estimates only, until further information on density and distribution is available for the eastern quoll. 

Applying the IUCN criteria (IUCN 1994) to the estimates of the Tasmanian population, eastern quoll are close to qualifying for Vulnerable status but do not quite make it. It almost qualifies on point B. While extent of occurrence is state-wide, about 65,000 km2, well above 20,000 km2, the maximum acceptable value in the criteria; a continuing decline is occurring in 2. (c) area, extent and quality of habitat (land clearance in the Midlands, see ( )) and therefore possibly in 2. (d) the number of locations or subpopulations and 2. (e) the number of mature individuals. However, this has been countered, at least historically, by an increase in available habitat resulting from land clearance and the conversion of forest into farmland. The total population size of eastern quolls may not have changed since European settlement as the available habitat may have shifted in geographic area rather than been reduced in total size. The conservation status of eastern quolls in Tasmania should therefore be Lower Risk - Near Threatened. This is equivalent to their current Tasmanian status, potentially vulnerable requiring monitoring (VAC 1994). This species requires monitoring for the following reasons. 1) Much of their core distribution is on private land. 2) The effects of land clearance, particularly the decline of suitable cover for refugia in the Midlands, are not known and need to be studied. 3) Introduced European foxes (Vulpes vulpes) are implicated as the main factor that caused the extinction of eastern quolls on the mainland. A fox abatement program is required in Tasmania. 

3.4 Critique of methods used for detecting presence and abundance of quolls

A review of the techniques available for surveying cryptic species such as quolls is presented in section 2.3.2. Table 10 shows the methods by which each species of quoll was detected at each field site, with an assessment, based on the results of this entire survey, as to the probable presence and abundance of quolls in the vicinity of the site and in the local region. 

The two main methods used for surveying quolls at field sites were hair tubes and searching for sign (scats and tracks). Hair tubes were the most effective method for detecting the presence of spotted-tailed quolls. Spotted-tailed quolls were detected at 14 sites by hair tubes and at only four sites by finding sign (scats). Hair tubes and searching for sign were about equally effective for surveying eastern quolls, although they were detected at very few sites. Hair was picked up at two sites and scats and tracks at three sites. A live sighting of a spotted-tailed quoll was made at one site at dusk. 

With the standard technique of 25 hair tubes set out at 200m intervals over 5 km for two weeks, both species of quolls were detected at about one in eight likely sites. Spotted-tailed quolls were detected in 13 % of sites (3 out of 24) and eastern quolls in 11 % of sites (2 out of 18) where it was thought that they should be common or present in reasonable numbers (not scarce). Both species of quolls were detected at about half of the sites where they were thought to be common in the local region (although the forest type of the site may not have been suitable habitat for that species). This detection rate could probably be improved with a greater effort, either a greater number of hair tubes over a greater distance, or at a higher density, or with repeated sampling. The hair tube technique relies on a quoll moving close enough to a tube within a few days of them being set out to find it and then investigating it. 

Spotlighting was not used in this survey because it is a useless technique for surveying spotted-tailed quolls (Driessen & Hocking 1992). Sightings are too few to be useful in detecting changes in abundance. Also, night-times during this survey were spent baiting hair tubes, leaving no time for night-driving. Eastern quolls are sighted frequently enough for spotlighting to be useful as a survey technique for this species, however (Driessen & Hocking 1992; Jones 1996). Changes in abundance over 15 years have been detected from spotlight surveys set up to monitor populations of Bennett’s wallabies, pademelons and brushtail possums (Driessen & Hocking 1992). 

Table 10: A comparison of the success of the methods used for surveying spotted-tailed and eastern quolls in Tasmania. 
Presence and abundance locally and regionally are assessments based on the combined knowledge derived from all aspects of this survey. Abbreviations: D. viv. = eastern quoll, D. mac. = spotted-tailed quoll, Rf = rainforest, TE = tall eucalypt forest, ME = medium eucalypt forest, C = common, P = present (but not common or scarce), S = scarce or absent. 

	Biogeographic region 
	Forest type 
	Repl-icate 
	Site no. 
	Site name 
	D. viv. 
	D. mac. 
	Presence and 

abundance 

	
	
	
	
	
	
	
	vicinity 
	local region 

	
	
	
	
	
	
	
	eq 
	sq 
	eq 
	sq 

	D'Entrecasteaux 
	Rf 
	1 
	5 
	Hermon's Rd. 
	no 
	no 
	S 
	P 
	C 
	S 

	
	
	2 
	10 
	Styx R. - south 
	no 
	hair 
	S 
	P 
	C 
	S 

	
	
	3 
	17 
	Styx R.-N of 10 
	no 
	no 
	S 
	P 
	C 
	S 

	
	TE 
	1 
	6 
	South Weld 
	no 
	no 
	S 
	P 
	C 
	S 

	
	
	2 
	7 
	Picton R. 
	no 
	no 
	P 
	P 
	C 
	S 

	
	ME 
	1 
	4 
	Snug Tier 
	no 
	no 
	? 
	? 
	C 
	S 

	
	
	2 
	11 
	Lachlan 
	no 
	no 
	C 
	S 
	C 
	S 

	Freycinet 
	TE 
	1 
	8 
	Eaglehawk Neck 
	no 
	no 
	P 
	S 
	P 
	S 

	
	
	2 
	9 
	Fortescue Bay 
	no 
	no 
	P 
	S 
	P 
	S 

	
	
	3 
	13 
	Wielangta 
	no 
	no 
	S 
	S 
	C 
	S 

	
	ME 
	1 
	2, 3 
	Coles Bay 
	hair, track 
	scat 
	C 
	S 
	C 
	S 

	
	
	2 
	12 
	Mt. Morrison 
	scat, track 
	no 
	C 
	S 
	C 
	S 

	
	
	3 
	37 
	Meetus Falls 
	no 
	no 
	? 
	? 
	C 
	S 

	Midlands 
	TE 
	1 
	16 
	Styx Rd - north 
	no 
	no 
	? 
	? 
	C 
	P 

	
	
	2 
	47 
	Quamby Bluff 
	no 
	hair 
	S 
	C 
	S 
	C 

	
	ME 
	1 
	14 
	Melton Mowbray 
	no 
	no 
	P 
	S 
	P 
	S 

	
	
	2 
	15 
	Levendale S.F. 
	no 
	no 
	P 
	S 
	C 
	S 

	
	
	3 
	48 
	Lake River Rd. 
	no 
	no 
	P 
	P 
	C 
	S 

	Ben Lomond 
	Rf 
	1 
	42 
	Mt. Victoria 
	no 
	scat 
	? 
	? 
	C 
	C 

	
	
	2 
	43 
	Mt. Maurice 
	no 
	no 
	? 
	? 
	P 
	C 

	
	TE 
	1 
	39 
	Branxolm 
	no 
	hair 
	P 
	C 
	C 
	C 

	
	
	2 
	40 
	Garibaldi Rd. 
	no 
	hair 
	? 
	P 
	C 
	C 

	
	
	3 
	41 
	Peppermint Hill 
	no 
	hair, scat, sighting 
	? 
	P 
	C 
	C 

	
	ME 
	1 
	38 
	Mangana 
	no 
	no 
	P 
	P 
	C 
	C 

	
	
	2 
	44 
	n. e. Pioneer 
	hair 
	hair 
	? 
	? 
	C 
	C 

	
	
	3 
	45 
	Bridport 
	no 
	no 
	? 
	? 
	C 
	C 

	Central Highlands 
	Rf 
	1 
	1 
	Cradle Mt. 
	no 
	no 
	P 
	P 
	P 
	P 

	
	
	2 
	22 
	Hellyer mine 
	no 
	scat 
	S 
	P 
	S 
	P 

	
	TE 
	1 
	31 
	Mersey Forest Rd. 
	no 
	no 
	S 
	P 
	C 
	C 

	
	
	2 
	34 
	14-mile Rd 
	no 
	no 
	C 
	P 
	C 
	P 

	
	ME 
	1 
	33 
	Arthur's Lake 
	no 
	hair 
	P 
	P 
	P 
	P 

	
	
	2 
	35 
	Lane Tier 
	no 
	no 
	? 
	? 
	C 
	S 

	Woolnorth 
	Rf 
	1 
	24 
	Parrawe 
	no 
	hair 
	S 
	C 
	S 
	C 

	
	
	2 
	27 
	Tayatea 
	no 
	hair 
	S 
	C 
	S 
	C 

	
	
	3 
	29 
	Buckby's Rd. 
	no 
	hair 
	P 
	C 
	S 
	C 

	
	TE 
	1 
	30 
	Salmon R. Rd. 
	no 
	hair 
	S 
	C 
	S 
	C 

	
	
	2 
	32 
	Arm River Rd. 
	no 
	no 
	P 
	P 
	P 
	C 

	
	ME 
	1 
	26 
	Robbins Is. Rd. 
	no 
	no 
	P 
	C 
	S 
	C 

	
	
	2 
	46 
	West Frankford 
	scat 
	hair 
	S? 
	C 
	P 
	C 

	West South West 
	Rf 
	1 
	20 
	Teepookana 
	no 
	hair 
	S 
	C 
	S 
	C 

	
	
	2 
	23 
	Luina 
	no 
	hair, scat 
	S 
	C 
	S 
	C 

	
	TE 
	1 
	18 
	Franklin R. 
	no 
	no 
	? 
	? 
	S 
	P 

	
	
	2 
	25 
	Sumac Rd. 
	no 
	no 
	S 
	C 
	S 
	P 

	
	
	3 
	36 
	Florentine Rd. 
	no 
	no 
	S 
	P 
	C 
	P 

	
	ME 
	1 
	19 
	Collingwood R. 
	no 
	no 
	? 
	? 
	S 
	P 

	
	
	2 
	21 
	Pieman Rd. 
	no 
	no 
	P 
	P 
	S 
	C 

	
	
	3 
	28 
	south Arthur R. 
	no 
	no 
	S 
	P 
	S 
	C 


Recommendations for further work/identification of data gaps

4.1 Data gaps 

· 4.1.1 Spotted-tailed quoll
· 4.1.2 Eastern quoll
4.2 Management recommendations
4.1 Data gaps

Data gaps and recommendations for further research are numbered as follows. The most important research work required is in point 2). 

1) Sampling intensity was lower in the remote parts of Tasmania than in parts accessible by road and regularly visited by people. This has been taken into account when basing conclusions on the models. Further sampling in these areas is desirable but would be logistically difficult and expensive. Further sampling is unlikely to alter the conclusions in this report, however, for reasons discussed in section 3.1.1. It may produce a tighter distribution map, with small black areas in suitable habitat and smaller areas of grey. For example, the large area of peripheral distribution (grey) between the Gordon River catchment and the coast on the spotted-tailed quoll predicted distribution map may be real or may be just an artefact of under-representation of climate data in the model. Further sampling of both climatic variables and spotted-tailed quoll distribution is likely to reduce this grey area to lines along river valleys and the coast where suitable habitat exists, as the intervening areas have large amounts of buttongrass moorland and heathland, which is unsuitable as habitat for spotted-tailed quoll. For confirmation, it should be noted that the relatively large number of observations from the King River valley, which is similar, did not produce a large area of core distribution but only a small and very defined line of grey (peripheral distribution) along the river valley. 

4.1.1 Spotted-tailed quoll

The spotted-tailed quoll is a forest-dependent species, denning and foraging within the forest. Possessing several adaptations for climbing, spotted-tailed quolls are quite arboreal, catching possums in the tree canopy. About 20 % of their diet in Tasmania is comprised of tree-dwelling possums and gliders (Jones 1995). 

2) The most important gap in our knowledge of the spotted-tailed quoll in Tasmania is on the impacts of forestry practices and forest clearing on this species. A study is urgently required to find out if current forest management practices on all land tenures threaten spotted-tailed quoll populations. This study would need to determine diet, habitat use and population dynamics in forests of different ages and management types (mature forest, regeneration of different ages, and both eucalypt and pine plantations), and correlate information with the abundance of major prey species. An outcome of the study would be to provide management prescriptions for spotted-tailed quoll in Tasmanian forests. 

3) A pattern of relative abundance of forest carnivores is evident across Tasmania. Forest carnivores such as the grey goshawk, the masked owl and the large dasyurids, the spotted-tailed quoll and the Tasmanian devil, are more abundant in the north than in the south of the state. This could be a response to the seasonal reliability of rainfall or it could be an effect of cooler temperatures in the south. A field survey of relative abundance of prey species between the forests of the north west and the south east, combined with detailed modelling of environmental variables is needed to further elucidate the factors that drive spotted-tailed quoll (and other forest carnivore) distribution and abundance in Tasmania. 

4) The impact of land disturbance in the form of cleared land on spotted-tailed quolls is unknown. A study of the population dynamics and ecology of spotted-tailed quolls on cleared land is needed. 

5) The impact of feral cats on spotted-tailed quolls is not understood. Dietary overlap is high (Belcher 1994), however, and competition could be occurring, perhaps contributing to the low population densities of spotted-tailed quolls (Jones 1995). 

4.1.2 Eastern quoll

Frequency of sightings of eastern quolls and predicted core and peripheral habitat is patchy through the Midlands where there has been extensive clearance of native woodlands and grasslands (Kirkpatrick 1991; Kirkpatrick & Dickinson 1982). Eastern barred bandicoots have recently (mostly in the two decades prior to 1960) disappeared from some of the same areas. The disappearance of bandicoots is correlated with lack of ground cover (or a measure of pasture condition that is associated with cover) (Mallick in review). While eastern quolls usually den within forest adjacent to open grassland where they forage (Godsell 1983; Jones 1995) they will den in sinkholes (at Lake Lea, Diane Moyle, personal communication), rockpiles, woodpiles and right out in the open, where no cover is available (Jones, unpublished observations). 

6) The information from this study is not detailed enough to say whether eastern quolls have declined in the parts of the Midlands where cover is poor. A study of the impact of removal of cover (forest or woodland patches, riparian strips) on cleared land in the Midlands on the eastern quoll is needed. 

4.2 Management recommendations

1) Lack of knowledge of the basic ecology of spotted-tailed quoll precludes management recommendations at this stage (see 4.1 Data Gaps). Points that need to be taken into account, however, are the large home range, forest dependence and naturally low population density of spotted-tailed quoll. While home range size has not been adequately measured, it is a minimum of 580 - 875 ha, with a minimum core area of exclusive space of at least 128 ha (Watt 1993). Trapping records indicate that total home range size is in the order of 1500 - 2000 ha for males and smaller for females (Jones, personal observations). Population densities are likely to be in the order of one individual per 4 km2, with female ranges largely exclusive and several male ranges overlapping (Scott Burnett, personal communication). This means that conservation planning for spotted-tailed quoll requires consideration on a large scale, 100 km2 or more. 

The major habitat requirements for spotted-tailed quoll are adequate populations of suitable prey species (especially medium-sized mammals, such as possums and gliders and bandicoots), habitat in which it can hunt effectively, and suitable refugia for denning. In theory, the current Forest Practices Code (Forestry 1993; Taylor 1991) should provide a mosaic of older age forest and varying age regrowth, with corresponding changes in population density of the important prey species. While a significant part of the diet of spotted-tailed quolls is made up of brushtail (Trichosurus vulpecula) and ringtail possums (Pseudocheirus peregrinus), neither of these species is dependent on the retention of old growth trees containing hollows. This is not to say that populations of these non-hollow dependent prey species, and therefore of spotted-tailed quolls, will not decline (Taylor 1991) with a reduction in the number of tree hollows. Spotted-tailed quoll have been observed hunting on open farmland, but it may need forest cover for sustainable foraging. Again, spotted-tailed quoll appears to be adaptable in its denning requirements; it will den under buildings in open situations. Limited information from wild populations suggests it chooses steep, inaccessible areas (Jones 1995). 

While spotted-tailed quoll do not need to be considered on a coupe by coupe basis (it does not need to be listed in the Forest Practices Code), forest managers should be alerted to its near threatened status, the dramatic and probably continuing decline on the mainland, its naturally low population densities and therefore its small total population size in Tasmania, its lack of flexibility in diet as a top, obligate predator compared to eastern quoll, and therefore perhaps lack of adaptability to environmental change. It needs to be considered in management guidelines for fauna conservation in production forests to minimise adverse effects, and in regional planning of timber harvesting regimes. 

2) Monitoring programs need to be established for spotted-tailed quoll, for which current monitoring programs (spotlight surveys) are ineffective and inadequate. Hair tubes are the best technique to use for monitoring spotted-tailed quolls. A number of sites need to be monitored every three years (average life span of spotted-tailed quolls) over the core and peripheral distribution of each species, with a geographic spread over the state. The following schedule represents about one months work every three years. This work requires training and a level of expertise. 

At least 10 sites, at least four in the core distribution and four in the peripheral distribution, should be monitored. The two WEBS (Wilderness Ecosystem Baseline Studies) sites (Pelion and Melaleuca) in the World Heritage Area should be used. The following sites are recommended for spotted-tailed quolls: 1) rainforest along the lower reaches of the Montagu River (core, production forest and eucalypt plantations), 2) rainforest in the Arthur River catchment (core, production and protected forest), 3) medium eucalypt forest in the Wurra Wurra Hills, north of Westbury (core, production forest and eucalypt plantations), 4) Cradle Mountain (peripheral but protected and good baseline information exists) 5) Pelion (peripheral, protected, WEBS site), 6) Melaleuca Pelion (peripheral, WHA monitoring site), 7) Teepookana (peripheral, craft wood and protected forest) 8) Freycinet (peripheral, protected site), 9) tall forests south of Branxholm (core, production forest), 10) tall forests to the north-east of Gladstone (core, production forests), 11) Waterhouse Protected Area (core, protected, surrounded by farmland). 

3) The spotlight survey program, designed specifically to monitor populations of Bennett’s wallaby, pademelon and brushtail possum (Hocking & Driessen 1992), is adequate to detect state-wide trends in populations of eastern quolls (Driessen & Hocking 1992) but needs to be expanded to incorporate two or more new transects in each of the areas that are core distribution for eastern quoll. These areas are the existing survey areas of Ansons, Buckland, Cradle, Deddington, Fingal, Forester and Judbury. A new spotlighting area is desirable in the vicinity of Cygnet and Petcheys Bay. 

If dedicated monitoring using hair tubes is implemented for eastern quolls, the following sites are recommended: 1) Cygnet (core, "hot spot", good baseline information), 2) Ringarooma (core, "hot spot", good baseline information), 3) between Cressy and Campbelltown on the Macquarie River (core, but low densities perhaps impacted by land clearance), 4) Cradle Mountain (peripheral, protected and good baseline information exists) 5) Pelion (peripheral, protected, WHA monitoring site), 6) Melaleuca and Pelion (peripheral, WEBS site), 7) Waterhouse Protected Area (core, protected, surrounded by farmland), 8) Wurra Wurra Hills, north of Westbury (peripheral, production forest and eucalypt plantations), 9) between Coles Bay and Friendly Beaches (core, protected forest, site within medium eucalypt forest), 10) Lake Sorell (core, "hot spot", crown and cleared farmland), Lake Leake (core, "hot spot", production forest and cleared farmland). 

4) A number of management issues regarding quolls were revealed in the public survey. The main issue is the conflict between quolls and poultry owners. Both species of quoll are capable of killing large numbers of hens and ducks and even brooding turkey hens. Quolls can climb well up trees, netting and shed walls and can squeeze through small holes in sheds and wire netting. If poultry are not adequately protected, they are easy prey for quolls which probably actively seek them out. Attitudes to quoll attacks range from tolerance because the owners like quolls and know their livestock are not adequately protected to outright war. Illegal trapping, shooting and poisoning of both species of quolls, but particularly spotted-tailed quoll, are widespread. Only a very few people stated that they had no problem with quolls because they had built quoll-proof accommodation for their poultry. 

Public education about providing secure night accommodation for poultry and small pets (guinea pigs and rabbits) in hutches so they can coexist with quolls is important. Protecting penned and free-ranging poultry from quolls is easy and inexpensive. During this survey, the Tasmanian Conservation Trust (Peter McGlone) organised for Burnie TAFE College to build a mobile model of a quoll-proof poultry shed to be presented at AGFEST, using a design provided by Nick Mooney (Tasmanian Parks and Wildlife Service). This design and suggestions for protecting free-ranging poultry that roost in trees should be more widely promoted. 

5) A number of respondents reported quolls of both species being killed by dogs. A specimen in the Queen Victoria Museum in Launceston, dated 1996, of a juvenile spotted-tailed quoll was killed by a dog. This problem relates to many species of native fauna and requires public education. 

6) Road mortality has been shown to be a significant problem, at least for eastern quoll (Jones 1993), resulting in local depletion at Cradle Mountain. One respondent to the public survey also reported that there was a massive road kill of eastern quolls near the Vale of Belvoir on the Cradle Link Road for the first year after the road was built. The Vale of Belvoir supports a high population density of eastern quolls. The main factor at Cradle Mountain was traffic speed. Road mortality needs to be taken into account when new roads are built or existing roads upgraded in the core area of quoll distribution. This must encompass both state and council roads. The remedial measures; which include physical structures such as chicanes on the road to slow traffic and prevent build-up of speed, runways constructed in steep banks and across deep gutters, wildlife reflectors and warning signs; need to be determined on a site by site basis.

References

Dasyurus maculatus maculatus) and eastern quoll (D. viverrinus) in Tasmania to determine conservation and reservation status - References

Austin, M. P. & Heyligers, P. C. 1991 New approach to vegetation survey design: gradsect sampling. In Nature Conservation: cost effective surveys and data analysis (ed. C. R. Margules & M. P. Austin), pp. 31-36. Melbourne: CSIRO.

Belcher, C. A. 1994 Studies on the diet of the tiger quoll Dasyurus maculatus: LaTrobe University. 

Blackhall, S. 1980 Diet of the eastern native-cat, Dasyurus viverrinus (Shaw), in southern Tasmania. Australian Wildlife Research 7, 191-197. 

Braithwaite, L. W., Austin, M. P., Clayton, M., Turner, J. & Nicholls, A. O. 1989 On predicting the presence of birds in Eucalyptus forest types. Biological Conservation 50, 33-50. 

Braithwaite, L. W., Dudzinski, M. L. & Turner, J. 1983 Studies on the arboreal marsupial fauna of eucalypt forests being harvested for woodpulp at Eden, N.S.W. II. Relationship between the fauna density, richness and diversity, and measured variables of the habitat. Australian Wildlife Research 10, 231-247. 

Braithwaite, R. W. & Begg, R. J. 1995 Northern quoll Dasyurus hallucatus. In The Mammals of Australia (ed. R. Strahan), pp. 756. Sydney: The Australian Museum / Reed Books. 

Brereton, R., Bennett, S. & Mansergh, I. 1995 Enhanced greenhouse climate change and its potential effect on selected fauna of south-eastern Australia: a trend analysis. Biological Conservation 72, 339-354. 

Brunner, H. & Coman, B. J. 1974 The Identification of Mammalian Hair. Melbourne: Inkata Press. 

Burnett, S. 1996 The ecology of a suite of tropical Australian rainforest predators with particular reference to the spotted-tailed quoll, Dasyurus maculatus gracilis: James Cook University of North Queensland. 

CNR. 1995 Threatened fauna in Victoria - 1995. East Melbourne, Victoria: Department of Conservation and Natural Resources. 

Committee, V. A. 1994 Native vertebrates which are rare or threatened in Tasmania: Parks and Wildlife Service, Tasmania. 

CRA. 1996 East Gippsland Environment and Heritage report: Published jointly by the Commonwealth and Victorian Regional Forest Agreement (RFA) Steering Committee. 

Driessen, M. M. & Hocking, G. J. 1992 Review and analysis of spotlight surveys in Tasmania: 1975-1990: Department of Parks, Wildlife and Heritage, Tasmania. 

Edgar, R. & Belcher, C. 1995 Spotted-tailed Quoll. In The Mammals of Australia (ed. R. Strahan), pp. 67-69. Sydney: Australian Museum/Reed Books. 

Forestry. 1993 Forest Practices Code. Hobart, Tasmania: Forestry Tasmania. 

Godsell, J. 1983 Ecology of the eastern quoll Dasyurus viverrinus, (Dasyuridae: Marsupialia): Australian National University. 

Green, R. H. & McGarvie, A. M. 1971 The birds of King Island with reference to other western Bass Strait islands and annotated lists of the vertebrate fauna. Records of the Queen Victoria Museum Launceston 40, 1-42. 

Green, R. H. & Scarborough, T. J. 1990 The spotted-tailed quoll Dasyurus maculatus (Dasyuridae, Marsupialia) in Tasmania. The Tasmanian Naturalist 100, 1-15. 

Haseler, M. 1995 An assessment of the absence of barred bandicoots from the Midlands: Tasmanian Parks and Wildlife Service. 

Hocking, G. J. & Driessen, M. M. 1992 Tasmanian spotlight survey manual. Hobart, Tasmania: Department of Parks, Wildlife and Heritage. 

Hope, J. H. 1972 Mammals of the Bass Strait islands. Proceedings of the Royal Society of Victoria 85, 163-196. 

IUCN. 1994 IUCN Red List categories. Prepared by the IUCN Species Survival Commission. Gland, Switzerland: IUCN. 

Jones, M. E. 1993 Road mortality of eastern quolls and devils on the Cradle Mountain tourist road.: Department of Transport and Works and Department of Environment and Land Management, Parks and Wildlife Service. 

Jones, M. E. 1995 Guild structure of the large marsupial carnivores in Tasmania: University of Tasmania. 

Jones, M. E. 1996 Zoological survey along the Cradle Mountain Tourist Road: Pencil Pine Ck. to Dove Lake: Department of Transport. 

Kirkpatrick, J. 1991 The magnitude and significance of land clearance in Tasmnania in the 1980's. Tasforests December 1991, 11-14. 

Kirkpatrick, J. B. & Dickinson, K. J. M. 1982 Recent destruction of natural vegetation in Tasmania. Search 13, 186-187. 

Lindenmayer, D. D., Nix, H. A., McMahon, J. P. & Hutchinson, M. F. 1990 Bioclimatic modelling and wildlife conservation and management - a case study for Leadbeaters Possum, Gymnobelideus leadbeateri. In Management and conservation of small populations (ed. T. W. Clark & J. H. Seebeck). Chicago: Chicago Zoological Society, Illinois. 

Mallick, S. A., Haseler, M., Hocking, G. J. and Driessen, M. M. in review Past and present distribution of the eastern barred bandicoot (Perameles gunnii) in the Midlands, Tasmania. . 

Maxwell, S., Burbidge, A. A. & Morris, K. 1996 The Action Plan for Australian Marsupials and Monotremes: IUCN/SSC Australasian Marsupial and Monotreme Specialist Group. 

Meggs, J. M. 1996 Distribution and conservation status of two threatened species of lucanid beetle in Tasmania: A report to Forestry Tasmania funded by the Commonwealth National Estate Grants Program. 

Nix, H. 1986 A biogeographic analysis of Australian elapid snakes. In Atlas of elapid snakes in Australia, vol. No. 7 (ed. R. Longmore), pp. 4-15. Canberra: Bureau of Flora and Fauna, Canberra. 

Orell, P. & Morris, K. 1994 Chuditch recovery plan, 1992 - 2001: Western Australian Department of Conservation and Land Management, Western Australian Wildlife Research Centre. 

PLUC. 1996 Inquiry into areas to be reserved under the Tasmania-Commonwealth regional forest agreement. Hobart, Tasmania: Tasmanian Public Land Use Commission. 

Rounsevell, D. E., Taylor, R. J. & Hocking, G. J. 1991 Distribution records of native terrestrial mammals in Tasmania. Wildlife Research 18, 699-717. 

Strahan, R. (ed.) 1995 The Mammals of Australia. Sydney: Australian Museum, Reed Books. 

Suckling, G. C. 1978 A hair sampling tube for the detection of small mammals in trees. Australian Wildlife Research 5, 249-252. 

Taylor, R. J. 1985 Identification of the hair of Tasmanian mammals. Papers and proceedings of the Royal Society of Tasmania 119, 69-82. 

Taylor, R. J. 1991 Fauna conservation in production forests in Tasmania. Hobart, Tasmania: Forestry Commission Tasmania. 

Thackway, R. & Cresswell, I. D. 1994 Toward an interim biogeographic regionalisation for Australia: a framework for setting priorities in the national reserves system cooperative program. In Proceedings of a technical meeting. South Australian Department of Environment and Natural Resources, Adelaide. 

VAC. 1994 Native vertebrates which are rare or threatened in Tasmania. Hobart, Tasmania: Parks and Wildlife Service, Tasmania. 

Watt, A. 1993 Conservation status and draft management plan for Dasyurus maculatus and D. hallucatus in southern Queensland: Queensland Department of Environment and Heritage and The Department of the Environment, Sport and Territories.

Appendix 1: A copy of the "QUOLL SURVEY" form follows
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	Table 5: Percentage of sites in each biogeographic region and forest type where spotted-tailed quolls were recorded. 
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	Table 6: Percentage strike rate (percentage of hair tubes at a site visited) by spotted-tailed quolls in each biogeographic region and forest type. 
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	Table 7: Percentage of sites in each biogeographic region and forest type where eastern quolls were recorded. 
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	Table 8: Percentage strike rate (percentage of hair tubes at a site visited) by eastern quolls in each biogeographic region and forest type. 
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	Table 9: Percentage of sightings in different habitat types recorded by participants in the public survey.
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	Table 10: A comparison of the success of the methods used for surveying spotted-tailed and eastern quolls in Tasmania.
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	Figure 1: Distribution of spotted-tailed quolls represented as the certainty of occurrence in 1 km2 grid blocks.
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	Figure 4: Plot of post-1980, location-verified sightings
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	Figure 5: Distribution of eastern quolls represented as the certainty of occurrence in 1 km2 grid blocks 
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	Figure 6: Mean rainfall in Tasmania. 
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	Figure 7: Plot of post-1980, location-verified sightings. 
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	Figure 8: Distribution of Tasmanian devils represented as the certainty of occurrence in 1 km2 grid blocks.



