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Abstract 

As the destruction, fragmentation and degradation of wildlife habitat continues across 

Australia, there will be a need for conservation efforts on private land to increase. The 

Northern Rivers region of New South Wales, which supports high levels of biodiversity due 

its climatic and geomorphic features, falls within the endangered tiger quoll’s distribution 

range. As tiger quolls require very large home ranges, there is a need for conservation 

programs aimed at enhancing the habitat value of existing forests while increasing habitat 

connectivity across the landscape. Although camphor laurel has a high occurrence of 

relatively large stands of forest throughout the Northern Rivers region, the habitat value that 

camphor provides for tiger quolls is largely unknown. As tiger quolls have been found to 

inhabit a broad range of forest types, camphor forests could potentially provide habitat value 

and landscape connectivity for tiger quolls. This study used motion activated infra-red 

cameras to detect the presence and activity level of tiger quolls and their prey species within 

camphor forest, rainforest and sclerophyll forest in order to assess camphor’s habitat value 

for tiger quolls. While no quolls were detected within any of the forest types, the survey 

detected 16 animal species within the rainforest, 13 species within the camphor forest and 6 

species within the sclerophyll forest. The rainforest and camphor forest had significantly 

higher detection rates of medium-sized mammals than the sclerophyll forest, however, there 

was no significant difference between the activity level of medium-sized mammals within the 

rainforest and the camphor forest. The presence of prey species and the structural complexity 

found within the camphor forest demonstrates that camphor may potentially provide habitat 

for tiger quolls, however, further studies will need to be carried out within the Northern 

Rivers region for a more comprehensive assessment of camphor’s habitat value for tiger 

quolls. 
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1. Introduction 

 

Current state of Australia’s biodiversity 

Biodiversity is an integral part of the healthy ecosystem cycles which contribute to the 

production of healthy soil, clean water and fresh air (Department of Environment, Climate 

Change and Water, 2010). Australia is ranked as one of the 17 megadiverse countries in the 

world as a result of its abundance of unique biodiversity including species such as kangaroos, 

koalas, quolls and potoroos (Department of the Environment (DE), 2003). However, even 

with its relatively low population in relation to its size, Australia has one of the highest 

mammal extinction rates on the planet, resulting in more than 25 mammals becoming extinct 

since European settlement (DE, 2003).  

This unprecedented loss of biodiversity has been caused by the destruction, fragmentation 

and degradation of wildlife habitat as a result of urban and agricultural expansion 

(Lindenmayer & Franklin, 2002; Klenner et al., 2009), and the introduction of exotic species 

such as foxes and cats (Dickman, 1996). Although Australia has national parks and reserves 

set aside for conservation, the national parks and reserves are not providing the habitat 

required to prevent further losses of biodiversity (Lindenmayer & Franklin, 2002). As the 

destruction of wildlife habitat continues across Australia, the necessity for conservation 

efforts on private land will increase (Kamal et al., 2015). As such, focusing conservation 

efforts in areas with high conservation potential while engaging landholders in the 

development of wildlife reserves and corridors on private land will be essential for wildlife 

conservation (Bennett, 1995; Lindenmayer & Franklin, 2002; Kamal et al., 2015).  

 

 

Biodiversity of the Northern Rivers region 

The Northern Rivers of New South Wales (NSW) is an area which has high conservation 

potential due to its climatic and geomorphic features which are favourable for high levels of 

biodiversity (DE, 2003). The physical characteristics of the area vary from open grassed 

floodplains and flat swamp land, to steep, heavily vegetated slopes. At lower elevations the 

soil is comprised of rich alluvial and aeolian soils, while the uppermost elevations have 

relatively infertile rhyolite soils (Byron Shire Council, 1999). The vegetation in the lower 

elevations consists of moist to wet sclerophyll forest, swamp sclerophyll forest, riparian 

rainforest and mangroves, while the vegetation at higher elevations is predominantly 

subtropical rainforest, coastal vine scrub and wet sclerophyll forest (Byron Shire Council, 

1999). The variable climatic and geomorphic characteristics form a diverse range of 

microclimates throughout the region. 

The Northern Rivers region has the ability to support the threatened ecological community 

Lowland Rainforest of Subtropical Australia, a community listed as critically endangered 

under the Environment Protection and Biodiversity Conservation Act (EPBC Act) (DE, 

2016). The Northern Rivers region also falls within the distribution range of the tiger quoll 

(Dasyurus maculatus) which is listed as endangered under the Environment Protection and 

Biodiversity Act (EPBC Act) (DE, 2016), and classified as a landscape-managed species 

under the Saving our Species conservation program (Office of Environment & Heritage 

(OEH), 2016a).  
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History and present condition of the Norther Rivers region 

The Northern Rivers region once supported the ‘Big Scrub’, which was the largest continuous 

patch of lowland subtropical rainforest in Australia (Lott & Duggin, 1993). However, upon 

the arrival of the European settlers in the mid-1800s, the commencement of sugar, maize and 

dairy farming in the area initiated forest clearing activities (Lott & Duggin, 1993). These 

agricultural activities in combination with a booming timber industry in the late 1800s 

resulted in the virtual elimination of forests within the region, and the decimation of much of 

the region’s flora and fauna (Lott & Duggin, 1993). This decimation is reflected by the 

reduction in size of the ‘Big Scrub’, from a continuous expanse of approximately 75000 ha 

down to approximately 556 ha of randomly scattered patches ranging in size from 0.85 ha to 

148 ha (Lott & Duggin, 1993).  

The decline of the dairy industry in the mid-1900s, resulted in a significant increase in 

vegetative regrowth within the region (Lott & Duggin, 1993; Kanowski et al., 2008).  

However, as a result of past disturbances, the condition of regrowth areas has favoured the 

establishment of camphor laurel (Cinnamomum camphora), an invasive exotic species with a 

vigorous growth cycle and a long life span (Kanowski et al., 2008). 

 

Currently, much of the Northern Rivers region remains cleared for grazing, however, 

horticulture and cropping are also common (Department of Primary Industries, 2012). The 

enduring patches of native vegetation provide an important source of habitat for wildlife and 

are likely to provide connectivity across the landscape for some species. However, as the 

landscape remains in a fragmented state, an increase in connectivity would allow for an 

increased flow of genetic diversity across the landscape. 

 

 

Conservation status of the tiger quoll 

The tiger quoll is endemic to Australia and is mainland Australia’s largest carnivorous 

marsupial species. Since European settlement the tiger quoll has experienced up to a 90% 

reduction in population size (Jones et al., 2001). The decline in tiger quoll numbers has been 

a direct result of anthropogenic activities causing the destruction, degradation and 

fragmentation of habitat (Long & Nelson, 2004; Belcher et al., 2007; DE, 2016). The 

continuation of these activities along with fire-management programs are regarded as the 

greatest threats (Long & Nelson, 2004; Belcher et al., 2007; DE, 2016). Many other factors 

currently pose a threat to tiger quolls, including increased competition for prey from dogs 

(Canis lupus familiaris), cats (Felis catus) and foxes (Vulpes vulpes); predation from dogs, 

cats and foxes; road mortality due to the tiger quoll’s need to frequently cross roads to access 

its large home range; road mortality due the tiger quoll’s tendency to scavenge on road kill; 

direct killing by landholders in response to poultry raids; and possibly poisoning from cane 

toads and 1080 baiting (Long & Nelson, 2004; DE, 2016). However, the tiger quoll’s 

flexibility of prey selection as well as the ability to climb and hunt in trees and on rock faces 

is likely to reduce the impact of competition for prey with dogs, cats and foxes (Belcher et al., 

2007). 
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The tiger quoll is a unique species which has attracted attention within some regions of 

Australia (Andrew, 2005; Claridge et al., 2005; Belcher et al., 2007; Burnett & Holmes, 

2008; McLean et al., 2015). However, while some studies focusing on populations within the 

southern portion of the Northern Rivers region have been carried out (Jarman et al., 2007; 

Körtner et al., 2016), little attention has been given to the northern portion of the Northern 

Rivers region. Surveys utilising camera trapping, live trapping, scat analysis and radio collar 

tracking have been able to provide insight into the tiger quoll’s habitat use, social 

organisation and prey species selection in other regions of Australia (Andrew, 2005; Claridge 

et al., 2005; Belcher et al., 2007; Jarman et al., 2007; Burnett & Holmes, 2008; McLean et al., 

2015; Körtner et al., 2016). As such, further studies carried out within the Northern Rivers 

region will likely provide the much needed information to better manage this species on a 

landscape scale (OEH, 2016a). 

 

 

 

2.  Ecology of the tiger quoll 

 

Age and size of the tiger quoll 

The life span of the tiger quoll is generally two to four years, however some individuals have 

been recorded to live for up to six years (Belcher, 2004). Tiger quolls range in body mass and 

size, with males generally having a greater body mass and size than females (Edgar & 

Belcher, 1995; Belcher, 2004). An adult female’s weight can range from 1.2 kg to 2.1 kg, 

with an average weight of 1.7 kg; while an adult male’s weight can range from 2.0 kg to 4.2 

kg, with an average weight of 2.8 kg (Belcher, 2004). Although males weighing as much as 

7.0 kg have been recorded (Edgar & Belcher, 1995). 

 

 

Diet of the tiger quoll 

Tiger quolls have the ability to hunt in trees and on the ground and are known to be flexible 

in their diet, generally preying on the most abundant medium-sized animals present and 

feeding opportunistically on large mammals eaten as carrion (Belcher et al., 2007). The tiger 

quoll’s diet is based on a wide variety of vertebrates and invertebrates, with the type of prey 

consumed varying dependent on the size of individuals, life stage of individuals, availability 

of prey, and competition for prey with other predators within its home range (Belcher, 1995; 

Glen & Dickman, 2006; Jarman et al., 2007). However, gliders, possums, bandicoots, rats 

and wallabies have been shown to be the most common food items for tiger quolls (Belcher, 

1995; Andrew, 2005; Dawson, 2005; Glen & Dickman, 2005; Jarman et al., 2007). In some 

regions tiger quolls have shown a preference for tree-hollow and burrow users as a main prey 

species, a behaviour likely due to the reduced energy requirements of capturing prey within 

its nest as opposed to hunting in the open (Burnett, 2001; Belcher et al., 2007). 
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Assessments of the percent biomass of each prey type consumed by tiger quolls have found 

large mammals (>7 kg), such as wallabies and kangaroos, represent 19% to 35% of the total 

biomass consumed; medium sized mammals (500 g to 7 kg), such as possums, gliders, 

bandicoots and echidnas, represent 11% to 63% of the total biomass consumed; small sized 

mammals (<500 g), such as rats and antechinus, represent 0.3% to 11.2% of the total biomass 

consumed; bird species represent 1.5% to 5.0% of the total biomass consumed; insects 

represent 0.05% to 8.3% of the total biomass consumed; fish represent 6.5% of the total 

biomass consumed; and reptiles represent less than 1% of the total biomass consumed 

(Belcher, 1995; Andrew, 2005; Glen & Dickman, 2005; Belcher et al., 2007; Jarman et al., 

2007). 

 

 

Habitat use of the tiger quoll  

Tiger quolls inhabit a broad range of forest habitats distributed throughout the eastern part of 

Australia, from south-eastern Queensland to south-western Victoria and Tasmania (Edgar & 

Belcher, 1995). Tiger quolls are mostly nocturnal, however, some individuals have been 

shown to be highly active in the day (Kortner et al., 2015). Tiger quolls have the ability to 

climb rocks and trees, and traverse rugged terrain, allowing them to access tree hollows and 

rock dens as safe refuge and inhabit a variety of habitat types (Belcher, 2000; Belcher & 

Darrant, 2006). However, forest elements such as a canopy cover greater than 50%, adequate 

prey densities and the presence of suitable den substrates have been found to be included 

within the tiger quolls preferred habitat (Belcher & Darrant, 2006). Tiger quolls have been 

found to move frequently between dens, changing dens on a daily basis over 70% of the time 

(Andrew, 2005). Tiger quolls are generally solitary outside of mating season and usually do 

not share dens outside of nesting periods (Belcher & Darrant, 2004; Kortner et al., 2015).  

 

Tiger quolls travel long distances of up to 20 km over a nine day period, and have large home 

ranges of up to 3150 ha for males and 700 ha for females (Claridge et al., 2005; Kortner et 

al., 2015). The distance travelled and the size of the home range is generally dependent on the 

sex and body mass of the individual as well as the availability of prey (Andrew, 2005; Glen 

& Dickman, 2006; Kortner et al., 2015). Male tiger quolls can travel 2.5 km within 24 hours 

and have an average home range of 500 ha to 1000 ha, while females are known to travel 1.3 

km within 24 hours and have an average home range of 250 ha to 500 ha (Claridge et al., 

2005; Kortner et al., 2015). The larger home ranges of males may be due to larger feeding 

requirements of larger individuals as well as mating behaviour, as males will pass through 

multiple female home ranges during the mating season (Kortner et al., 2015). Studies have 

found that it takes most tiger quolls three to four weeks to cover their home range (Kortner et 

al., 2015). The tiger quoll’s utilization of large home ranges is likely to increase its 

vulnerability to the destruction and fragmentation habitat (Andrew, 2005; Belcher & Darrant, 

2006).  
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Conservation of tiger quolls  

Tiger quolls are known to have threatened populations with limited numbers persisting within 

the Queensland Border Ranges (Burnett & Holmes, 2008). Programs which have been 

established to manage tiger quolls within Queensland’s border ranges have suggested that 

private landholder’s involvement in the restoration of suitable tiger quoll habitat within the 

Northern Rivers region would greatly assist conservation efforts (Burnett & Holmes, 2008). 

Approximately 60% of the Northern Rivers region is composed of privately owned land 

occurring as a continuous landscape, however, the discontinuous approach to land 

management has resulted in a patchy mosaic of native and exotic vegetation spread 

throughout the region. As tiger quolls require large home ranges with forest structural 

complexity and adequate prey densities, increasing the connectivity across the landscape will 

be essential to enhance the habitat value of the region (Belcher & Darrant, 2004; OEH, 

2016a). However, due to the complex nature of dealing with multiple landholders in an 

attempt to conserve, restore and connect wildlife habitat, the application of effective 

management approaches will be essential to ensure resources are utilised efficiently (Bennett, 

1995; Fitzsimons & Carr, 2014). As such, studies identifying native wildlife’s habitat 

requirements will be necessary to help build on the solid knowledge foundation conservation 

groups and landholders require to effectively manage the private landscape (OEH, 2016a). 

Information on wildlife’s distribution and abundance throughout native and exotic forests on 

private land will be essential for the effective management of tiger quolls within Australia’s 

fragmented landscape (Bennett, 1995; Rodriguez, 2006; Downey et al., 2010; Hobbs et al., 

2013; OEH, 2016a). Further studies characterising the habitat value that native and exotic 

forests on private land hold for the tiger quoll could help provide the information needed to 

develop effective management prescriptions which increase the regions habitat value for tiger 

quolls on a landscape scale (Ewel & Putz, 2004; Hobbs et al., 2013; OEH, 2016a).   

 

 

Camphor laurel’s potential role in tiger quoll conservation 

Camphor has a high occurrence of relatively large stands of forest throughout the Northern 

Rivers region. Although camphor has been found to both benefit and harm native avifauna 

(Friend, 2006; Kanowski et al., 2008), the advantages and disadvantages that exotic 

vegetation has for native mammals is largely unknown (Rodriguez, 2006; Downey et al., 

2010; Hobbs et al., 2013). However, as studies suggest that the prey abundance and the 

structural complexity within forests is more important than the vegetation type, it is possible 

that camphor forests may provide beneficial habitat and connectivity for native wildlife 

species, including tiger quolls (Ewel & Putz, 2004; Belcher & Darrant, 2006; Belcher, 2008). 

As increasing habitat connectivity across the landscape has been identified as a key recovery 

action for tiger quolls (OEH, 2016a), utilising camphor forests within management programs 

should be considered as camphor forests could potentially contribute to a greater connectivity 

across the landscape.  
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Current camphor eradication programs which do not consider the habitat value that camphor 

forests have for wildlife, offer very little or no protection for wildlife inhabiting the 

prescription area. As such, there is a need for management approaches as described by Hobbs 

et al. (2013) which assess the conservation value of exotic vegetation in an attempt to utilise 

the benefits of exotic vegetation. However, clearly this type of approach requires a sound 

knowledge base to be applied in an effective manner (Hobbs et al., 2013). A greater 

assessment of the habitat value that camphor forests have for tiger quolls could contribute to 

the development of new management approaches that consider camphor’s potential habitat 

value. The application of this type of management approach could help ensure that 

conservation efforts are not by default furthering the fragmentation of the tiger quoll’s habitat 

across the landscape (Belcher & Darrant, 2006; Belcher, 2008; Hobbs et al., 2013).  

 

 

Camera trapping as a means of detecting tiger quolls 

As tiger quolls are a rare and cryptic species with the ability to evade detection by humans, 

motion activated infra-red camera traps are low-impact survey device which can be deployed 

into potential tiger quoll habitat for long periods of time to help detect tiger quolls inhabiting 

the area (McLean et al., 2015). As camera traps are effective at detecting the animal species 

which make up a large portion of the tiger quoll’s diet, a camera trap survey would also 

provide insight into how the tiger quoll’s prey responds to camphor forests, and therefore 

broaden the assessment of habitat value. As such, camera trap surveys could provide a survey 

method which could help identify specific features and characteristics influencing tiger quoll 

presence; and build on the knowledge base necessary to develop management programmes 

which maximise conservation efforts on private land (McLean et al., 2015; Packer et al., 

2016).  
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3. Aim, objectives and scope of the study 

 

Aim 

The aim of this study was to compare the activity levels of tiger quolls existing within native 

forests with that of camphor forests in order to evaluate the conservation value of camphor 

forests and build on the knowledge base essential for wildlife conservation on private land.  

 

 

Objectives 

The objectives of this study include: 

 

• Conducting a camera trap survey designed to detect the presence and activity level of 

tiger quolls as well as a broad range of small, medium and large mammals inhabiting 

rainforests, sclerophyll forests and camphor laurel forests;  

 

• Establishing recommendations for the management of camphor laurel forests on 

private land within the Northern Rivers region; and  

 

• Evaluating the data acquired within the study in order to identify areas requiring 

further research. 

 

 

Scope of the study 

The purpose of this study is to serve as a pilot study for future studies assessing the habitat 

value camphor laurel forest may have for tiger quolls. However, due to limited time and 

resources, this study is not a complete assessment of camphor laurel’s habitat value for tiger 

quolls. In order to provide a comprehensive evaluation of camphor laurel’s habitat value, 

more intensive surveys, over longer periods of time will have to be carried out.  
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4. Methods 

 

Site description 

The survey sites were located in the Northern Rivers region of NSW. The region has a 

subtropical climate, typically with heavy rainfall in the summer and a dry winter and spring 

(Byron Shire Council, 1999). The region has a relatively high mean annual rainfall ranging 

from approximately 1500 mm to 2300 mm as a result of the mountainous topography within 

a close proximity to the coast (Bureau of Meteorology (BOM), 2016).  

Four land owners granted permission to conduct surveys on their land within the Northern 

Rivers region and a total of eight sites were selected to be surveyed. Two sites were located 

within the Tweed shire in Upper Burringbar; four sites were located within the Byron shire in 

Main Arm; and two sites were located within the Lismore shire near Terania Creek (Figure 

1). Of the eight survey sites, three of the sites were located in rainforest, two of the sites were 

located in sclerophyll forest, and three of the sites were located in camphor forest (Figure 2; 

Figure 3; Figure 4; Figure 5). The eight sites were selected based on availability of private 

land that met the required criteria. All of the survey sites were once cleared for agriculture, 

however, all sites have had low levels of disturbance over the past 30 to 50 years, resulting in 

forest regrowth with 75% to 90% vegetative cover, good structural complexity, good 

understory of native plant species and signs of animal activities such as animal trails, burrows 

and diggings. All sites were also in close proximity, with direct connectivity, to national 

parks.  

The weather throughout the survey period had an approximate day time temperature range of 

24°C to 31°C, and a night time temperature range of approximately 5°C to 15°C. Rainfall 

throughout the survey was sporadic, with a total rainfall of approximately 63 mm in Main 

Arm, 84 mm in Terania Creek and 36 mm in Upper Burringbar (BOM, 2016). 
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Figure 1: A map displaying the location of the eight survey sites used within the Northern 

Rivers region, NSW, 2016. 
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Figure 2: Photograph displaying the approximate location of Site 1 and Site 5 within Main Arm, 

NSW, 2016 (RF=rainforest, SF=sclerophyll forest). Photo by Nathan Burton. 

 

 

 

Figure 3: Photograph displaying the approximate location of Site 2 and Site 3 within Main Arm, 

NSW, 2016 (RF=rainforest). Photo by Nathan Burton. 
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Figure 4: Photograph displaying the approximate location of Site 4 and Site 6 within Upper 

Burringbar, NSW, 2016 (SF=sclerophyll forest, CF=camphor forest). Photo by Nathan Burton. 

 

 

Figure 5: Photograph displaying the approximate location of Site 7 and Site 8 within Terania 

Creek, NSW, 2016 (CF=camphor forest). Photo by Nathan Burton. 
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Survey methods 

Reconyx Hyperfire HC 500 motion activated infra-red cameras were deployed at each site in 

order to capture images of wildlife inhabiting each of the forest types, rainforest, sclerophyll 

forest and camphor forest. The survey took place over 37 days starting on April 5th 2016, with 

one camera being placed at each site for 30 days. The cameras were deployed for a combined 

total of 240 trap days (one trap day equals one 24 hour period). The cameras were oriented 

horizontally approximately 40 cm above the ground, facing towards the bait station which 

was positioned 30 cm high, approximately 2 m from the camera (Figure 6). The sampling 

methods were based on the horizontal camera orientation presented by Taylor et al. (2014), 

however, there was a slight variation between sites due to the variation of forest structures at 

each site. The sites were positioned in order to minimise the necessity for vegetation removal 

and maximise wildlife accessibility to bait stations. Cameras were set on rapid fire to take 

five consecutive pictures with every trigger, with no delay between triggers. The bait stations 

were filled with approximately 40 grams of an even ratio of peanut butter, honey and rolled 

oats. The cameras were checked, images were downloaded and bait stations were refilled 

after nine days and again after ten days. The images were processed to determine the wildlife 

presence and activity level at each site. Detection of the same species within a 24 hour period 

were counted as one detection for that species. Exceptions to this include more than one of 

the same species within one image, as well as individuals will distinctive features allowing 

for differentiation between individuals.  

 

The study tested the null hypothesis that there is no difference between the detection rate of 

small mammals, medium-sized mammals and tiger quolls within each of the forest types, 

rainforest, sclerophyll forest and camphor forest. The collected data were analysed using an 

ANOVA test in Microsoft Excel to identify significant differences between the detection 

rates of wildlife species found within each of the forest types. 

 

 

Figure 6: Photo of survey site setup with a motion activated camera and bait station. Photo by 

Nathan Burton. 
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5. Results  

 

 
General results of the camera trapping survey 

A total of 6706 images were taken throughout the survey period, including 60 images from 

false triggers. Based on a presence of species for each 24 hour period the survey detected 367 

activities, and 439 activities based on a presence of species for each 1 hour period. While no 

tiger quolls were detected at any of the survey sites, the survey recorded a total of 17 species 

across the three forest types, including seven mammal species, seven bird species, one reptile 

species and two additional unidentified bird species (Table 1). Site 2 and Site 7 had the 

highest number of species detected across all sites, with a total of 11 species detected at each 

site. 

 

Table 1: The presence of species at each site within the rainforest, sclerophyll forest and 

camphor forest in the Northern Rivers region, NSW, 2016 (Presence of species = I). 

 

 

 

Species 
         Rainforest    _  _          Sclerophyll Forest           Camphor Forest   ___        

Site 1 Site 2 Site 3 Site 4   Site 5 Site 6 Site 7  Site 8 

Mammal sp.         

     Rat sp. I I I I I I I I 

     Possum sp. I I I I I I I I 

     Bandicoot sp. I I I  I  I I 

     Echidna  I     I  

     Swamp wallaby   I  I  I  

     Koala       I  

     Wild dog/dingo   I I  I   

Bird sp.         

     Brush turkey I I I  I  I I 

     Wonga pigeon I I I    I I 

     Fruit dove  I     I  

     Pheasant coucal  I       

     Pied currawong  I     I  

     Kookaburra        I I 

     Lyrebird I        

     Unknown bird sp. 1 I I    I   

     Unknown bird sp. 2  I       

Reptile sp.         

     Goanna   I      

Total 7 11 8 3 5 4 11 6 
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When the sites of each forest type were combined, the rainforest had the highest number of 

species detected, with a total of 16 species, including six species of mammals, nine bird 

species and a goanna (Table 2). A total of 13 species were detected within the camphor 

forest, including seven species of mammals and six bird species. While a total of six species 

were detected within the sclerophyll forests, including five species of mammals and one bird 

species. 

While many possums and bandicoots could not be identified, all possums and bandicoots 

which could be identified were mountain brushtail possums (Trichosurus caninus) and long-

nosed bandicoots (Perameles nasuta). 

 

Table 2: The presence of species within the rainforest, sclerophyll forest and camphor forest in 

the Northern Rivers region, NSW, 2016 (Presence of species = I). 

Species Rainforest 
Sclerophyll 

Forest 
Camphor Forest 

Mammal sp.    

     Rat sp. I I I 

     Possum sp. I I I 

     Bandicoot sp. I I I 

     Echidna I  I 

     Swamp wallaby I I I 

     Koala   I 

     Wild dog/dingo I I I 

Bird sp.    

     Brush turkey I I I 

     Wonga pigeon I  I 

     Fruit dove I  I 

     Pheasant coucal I   

     Pied currawong I  I 

     Kookaburra  I  I 

     Lyrebird I   

     Unknown bird sp. 1 I  I 

     Unknown bird sp. 2 I   

Reptile sp.    

     Goanna I   

Total 16 6 13 
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Detection of mammal species  

Rats within the camphor forest had the highest overall mean detection rate of mammals over 

the 30 day period, with an average of 15.3 ± 6.2 rats detected (Figure 7). While an average of 

12.0 ± 6.4 and 2.5 ± 0.5 rats were detected within rainforest and the sclerophyll forest 

respectively. Possum sp. within the rainforest had the second highest mean detection rate of 

mammals, with an average of 17.7 ± 0.9 possum sp. detected. While an average of 6.3 ± 1.5 

and 1.5 ± 0.5 possum sp. were detected within the camphor forest and sclerophyll forest 

respectively. The detection of possum species was significantly higher in the rainforest than 

the other forest types (P=0.0008, F=5.8). Bandicoot sp. had the third highest mean detection 

rate of mammals, detecting an average of 5.3 ± 3.2, 4.3 ± 2.3 and 1.0 ± 1.1 in the rainforest, 

camphor forest and sclerophyll forest respectively. All other mammals had relatively low 

detection rates averaging one or less over the 30 day period.  

When the medium-sized mammals were grouped, the camphor forest and the rainforest had a 

significantly higher detection rate of medium-sized mammals than the sclerophyll forest 

(P=0.027, F=5.7). While there was no significant difference between the detection rate of 

medium-sized mammals within the rainforest and camphor forest (P=0.088, F=7.7).  

 

Figure 7: A comparison of the mean number of mammal species detected over a 30 day period 

within the rainforest, sclerophyll forest and camphor forest in the Northern Rivers region, 

NSW, 2016. 
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Detection of bird species 

Brush turkeys (Alectura lathami) within the camphor forest had the highest overall mean 

detection rate of birds over the 30 day period, with an average of 20.7 ± 17.2 detected (Figure 

8). While brush turkeys average detection rates were 8.7 ± 5.0 and 1.0 ± 1.0 within rainforest 

and the sclerophyll forest respectively. Wonga pigeons (Leucosarcia melanoleuca) within the 

rainforest had the second highest mean detection rate of birds over the 30 day period, with an 

average of 6.7 ± 2.2 individuals detected. While an average of 1.3 ± 0.9 wonga pigeons were 

detected within the camphor forest. All other birds had relatively low detection rates 

averaging of 2.5 or less detected over the 30 day period. 

 

Figure 8: A comparison of the mean number of bird species detected over a 30 day period 

within the rainforest, sclerophyll forest and camphor forest in the Northern Rivers region, 

NSW, 2016. 
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6. Discussion 

 

Detection of tiger quolls 

Although no tiger quolls were detected by the cameras at any of the survey sites within this 

study, it is possible that the survey sites fall within the tiger quoll’s home range. While 

studies have reported that the use of camera traps generally detect the presence of most 

species within 30 days (Smith & Coulson, 2012; Taylor et al., 2014), it is possible that it may 

take longer to detect tiger quolls due to the longer time that it takes them to cover their large 

home ranges. Alternatively it is possible that any passing tiger quolls were aware of the 

cameras and avoided detection by keeping their distance, as many of the species detected 

within this study seemed to be aware of the camera while it was taking pictures.  

 

The Atlas of NSW Wildlife records for tiger quolls indicate that a total of 65 tiger quolls have 

been detected within the area defined in Figure 1 (OEH, 2016b). However, only 22 tiger 

quolls have been detected since January 1st 2000, with no live tiger quolls and only three dead 

tiger quolls detected in the area since January 1st 2005. 

 

Similar camera trap surveys were carried out within the Watagan Mountains approximately 

100 km north of Sydney (McLean et al., 2015), the national parks of the Queensland Border 

Ranges (Burnett & Holmes, 2008), as well as the Richmond Range Nation Park in north-east 

NSW (Taylor et al., 2014). Although these surveys were conducted in areas which are known 

home ranges of tiger quolls, the surveys had a very low or no detection of tiger quolls. The 

camera trap survey within the Watagan Mountains surveyed 90 sites for two weeks at each 

site, a total of 1260 trap nights, and detected a total of nine tiger quolls. The Watagan 

Mountains survey detected seven tiger quolls using raw chicken wings as bait and two tiger 

quolls using peanut butter oats and honey, however, found no significant difference in the 

bait type used (McLean et al., 2015). The camera trap survey conducted in the Queensland 

Border Ranges deployed camera traps baited with raw chicken frames for a total of 255 trap 

nights and detected no tiger quolls (Burnett & Holmes, 2008). Similarly, the camera trap 

survey within the Richmond Range Nation Park surveyed 21 sites baited with a mixture of 

peanut butter and oats for a period of 13 to 21 days also detected no tiger quolls (Taylor et al., 

2014).  

These results further the indication that tiger quolls may be a cryptic species which require 

camera traps to be deployed for longer periods of time to effectively detect tiger quolls within 

their home range. However, it may also be an indication of low population densities of tiger 

quolls within the region, further highlighting the importance of conservation efforts focusing 

on the restoration of tiger quoll habitat.  
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Detection of native species 

The significantly higher detection rate of possums within the rainforest may be an indication 

of a greater abundance possums within the rainforest. However, as surveys analysing prey 

species for tiger quolls often group medium-sized mammals together when identifying 

biomass consumed by tiger quolls (Glen & Dickman, 2005; Belcher et al., 2007), the lack of 

significant difference between the detection of medium-sized mammals within the rainforest 

and camphor forest may be an indication of camphor forests ability to support the prey 

densities required for tiger quolls. As medium-sized mammals contribute up to 63% of the 

tiger quolls prey species, this finding is a further indication of the potential role that camphor 

forests may have in providing habitat and landscape connectivity for tiger quolls. 

Although the activity level of individual species varied across the three forest types, the 

number of native mammal species detected within each forest type ranged from four to six. 

While the highest number of native mammal species at any one site was detected in a 

camphor forest, the lowest number was also detected in a camphor forest. The two sites with 

the lowest number of native mammal species detected also had the lowest detection of bird 

species, detecting only one species at one of the sites and no species at the other. Although 

these two sites were composed of two different forest types, camphor and sclerophyll, both of 

these sites were located on the same parcel of land in Upper Burringbar. Interestingly, three 

of the residents had mentioned on separate occasions that they had been hearing an unusually 

high level of wild dog/dingo activity prior to and during the study period. Cameras at both 

sites confirmed the presence of wild dogs/dingos, however, only once at each site. Although 

both of these sites seemed to have good forest complexity with signs of recent activity of 

bandicoots and echidnas, the lack of detection of these species may be due the adaption of 

avoidance behaviour a result of a high level of wild dog/dingo activity (Lazenby & Dickman, 

2013). 

The survey conducted by Burnett & Holmes (2008) in the Queensland Boarder Ranges had a 

similar number of total trap nights as this study, however the survey had a higher number of 

sites, 85 compared with eight; and a lower number of trap nights spent at each site, three 

compared with 30. A comparison of the results of Burnett & Holmes (2008) with the results 

of this study shows that five more native mammal species, eight more bird species and five 

more exotic animals were detected within the national park. This comparison may suggest 

that a higher number of species occur within the national park compared to the parcels of 

private land surveyed in this study. However, the difference may also be due to a higher level 

of attraction to the raw chicken frame used in the national park, or a result of the higher 

number of sites surveyed, as even with only three days at each site the probability of 

detection of some species ranges from 45% to 80% (Smith & Coulson, 2012; Taylor et al., 

2014). 
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The potential habitat value of private land  

The results of this study indicate that forests occurring on private land are providing habitat 

for a range of native species, including small mammals, medium-sized mammals, large 

mammals, birds and reptiles, all of which are prey species of the tiger quoll. Although the 

low replication of survey areas within this pilot study may not be fully indicative of how 

camphor forests compare with rainforests and sclerophyll forests, the results of the study 

indicate that camphor forests are providing habitat for a range of native species. As the 

camphor forests used within this survey also had the structural complexity which is 

considered favourable for tiger quolls, it is possible that tiger quolls may use these camphor 

forests, and other camphor forests with similar characteristics, as a part of their extensive 

home ranges. With such a high proportion of regrowth in the region being camphor, the 

habitat and connectivity camphor forests may be providing should be strongly considered 

during management programs. 

 

 

7. Limitations and areas of improvement  

 

Limitations of camera trapping 

The survey was successful at achieving its objective of detecting wildlife within the forests, 

however was limited by time, limited access to cameras and restricted access to private land. 

Furthermore, as motion activated cameras provide a limited capability to differentiate 

between individuals captured, they limit the ability to assess population densities. As such, a 

more even spread of survey sites, more survey sites within each forest type, along with a 

longer sample period which persists through multiple seasons would likely improve the 

significance of the study. The addition of motion activated cameras setup to detect arboreal 

animals would also allow for a more complete assessment of wildlife community dynamics 

within each forest type.  

 

 

Limitations of camera settings  

Although the selected camera setting of rapid fire with no delay between triggers allowed for 

better identification of individuals and a greater insight into animal behaviour, this type of 

setting produced several hundred photos of brush turkeys and possums that seemed to like to 

spend time in front of the camera having their pictures taken. This occurrence results in a 

substantial amount of extra time spent processing photos and could cause early battery 

discharge and data storage shortages in surveys that required the cameras to be deployed for 

longer timeframes.   

 

 

 



20 

 

Limitations of camera hardware 

The Reconyx Hyperfire HC500 cameras used within this study produced quality images 

while seeming to have little impact, as many animals continued to forage naturally while 

photos were being taken. However, the sound that the camera makes while switching 

between night and day filters appeared to alert the animals to the camera, seemingly causing 

some animals to run away. Although the occurrence of the sound may have minimal impact 

on the overall survey results, it may also result in a failure to detect important species. Solid 

state night/day filters are available on the market, however, costs of such technology may be 

prohibitive for many projects. Further studies comparing the effectiveness of such technology 

will help to determine the effective trade-off between the cost and the application of a more 

covert camera. 

 

Right time right placement 

Although the placement of the cameras used within this study resulted in the capture of many 

species, the placement of the cameras may make a difference in the species detected. 

Additional cameras placed within 100m of two of the survey sites for testing and recreation 

detected an antechinus sp., two red-necked pademelons, swamp wallabies and a wild 

dog/dingo, all of which were not detected by the nearby cameras. This demonstrates that the 

results of the camera trap surveys may not be fully indicative of the species occurring within 

the forests. Nonetheless, the results do provide an insight into what wildlife species are 

inhabiting each of the forest types, and may enhance the ability to refine future research and 

management programs attempting to identify the habitat requirements for tiger quolls (Taylor 

et al., 2014).  

 

 

 

8. Managing biodiversity 

 

Management recommendations 

As habitat within the distribution range of the tiger quoll continues to be fragmented and 

contracted (Threatened Species Scientific Committee, 2004), management efforts will need to 

increase in order to ensure the survival of this unique species (OEH, 2016a). As the tiger 

quoll’s large home range requirements necessitate a management approach on a landscape 

scale (Belcher & Darrant, 2004; OEH, 2016a), engaging private landholders to dedicate land 

to wildlife reserves outside of national parks and reserves will be essential (Lindenmayer & 

Franklin, 2002). However, due to the differences in management approaches of individual 

landholders, utilising private land for wildlife conservation will be a complex process. The 

management of threatening processes, such as the loss of habitat due to the clearing of 

vegetation and impact from grazing, is a simple yet effect means of protecting habitat within 

existing native forests (Landcare, 2005). However, management approaches for dealing with 

exotic species are not as simple (Rodriguez, 2006).  
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As many areas within the Northern Rivers region contain well developed camphor forests, it 

will be important to avoid the removal of important habitat during management prescriptions. 

Management approaches which mimic nature by removing a portion of the camphor canopy 

in areas where native seedlings are well established will allow native vegetation to establish 

itself within the newly created gap. During this process, retaining at least 50% of the 

vegetative canopy while preserving forest complexity will likely be beneficial for tiger quolls 

(Lindenmayer & Franklin, 2002; Packer et al., 2016). However, this type of approach will 

require longer management cycles to insure that suitable forest structure is retained. As tiger 

quolls have been known to utilize fallen timer while traveling, leaving the canopy offcuts on 

the forest floor may also be beneficial (Glen & Dickman, 2006). Finally, implementing more 

stringent monitoring programs to evaluate the processes used within exotic vegetation 

management prescriptions will be required to ensure that management approaches are 

effective at transitioning exotic forest towards a more natural ecological community with 

minimal disturbance to the existing native wildlife species (Masson et al., 2005). 

 

Cultural awareness 

In order to successfully utilise the private landscape for wildlife conservation, communities 

will need to work together. However, current cultural values on landholder rights, combined 

with the lack of education and incentives needed to guide change, has resulted in the current 

fragmented state of the landscape. As such, conservation efforts could be improved with an 

enhanced cultural awareness of the importance of wildlife biodiversity (Milne, 1995). For 

example, the identification of unique species on private land could potentially be used to 

educate the community about the unique creatures that inhabit the region, which could in turn 

provide incentive for participation in wildlife conservation activities.  

 

 

 

9. Conclusion 

In conclusion, as the number of threatened species continues to rise, and the destruction, 

degradation and fragmentation of wildlife habitat continues across Australia, the need for 

wildlife conservation activities on private land will increase. In order to enhance wildlife 

conservation efforts on private land, it may be necessary to recognise the habitat value and 

habitat connectivity that camphor forests provide for native wildlife species. While no tiger 

quolls were detected within the camphor forests, the structural complexity and presence of 

prey species within the camphor forests demonstrates that camphor forests may potentially 

provide suitable habitat for Australia’s endangered tiger quolls. As such it will be essential to 

preform further studies in order build the on sound knowledge base needed to develop 

sustainable management programs for camphor forests which consider the tiger quoll’s 

habitat needs. 
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