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Abstract 
 
The loss of terrestrial biodiversity on a global scale is primarily attributed to habitat loss and 
fragmentation. In Queensland, extensive ecosystem transformation as a result of land clearing 
impacts the ‘Vulnerable’ brush-tailed rock wallaby (Petrogale penicillata). This study assessed 
brush-tailed rock wallaby (BTRW) activity and interactions with a potential competitor species 
(e.g. swamp wallaby) by installing ten passive infrared cameras to monitor wallaby activity in 
Ipswich, Queensland. The images from the cameras were used to investigate activity patterns 
of the two species. A total of 34 BTRW events were recorded. Swamp wallaby events had a 
higher recording rate at 305 events recorded, which makes sense as the BTRW is ‘Vulnerable’ 
while swamp wallabies are not. Wallaby activity mainly occurred near the creek and on the 
rocky scree below the ledge. It was found that the BTRW were mainly diurnal, whereas swamp 
wallabies were vespertine. In contrast, predator activity was almost exclusively nocturnal. Scat 
analysis conducted on three scats showed that wallabies were not being predated on. The 
diurnal nature of BTRW activity is significant for future management of the site; for example, 
weed management activities should be undertaken in the afternoon so as not to disturb the 
BTRW, since they were primarily observed between dawn to midday. Future studies for this 
site may include a more comprehensive vegetation assessment combined with a dietary 
analysis of BTRW scats to explain why certain sites have higher rates of activity. This 
information could help to determine the population size of each wallaby species for future 
management options.  

 

Key Words: Biodiversity loss, fauna monitoring, Flinders-Goolman Conservation Estate, 
inter-specific competition, camera traps.  
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1.0 Introduction 
 
“Human-induced habitat loss and fragmentation are the largest factors contributing to the 
decline and loss of terrestrial biodiversity worldwide” (Eyre, 2002). Woodlands or forests have 
suffered substantial losses in Australia, around half of these ecosystems have been modified or 
removed to allow for agricultural development (Taylor, 2011). The clearing of vegetation leads 
to a reduction in habitat, which in turn results in decreased faunal population sizes. Smaller 
populations of fauna are more vulnerable to demographic and/or environmental stochasticity 
(Fahrig, 1997), which is a key threatening process for biodiversity loss. Habitat loss has been 
identified as the major driver for the decline of native wildlife (McAlpine, 2002). Urban 
expansion, nature-based tourism and invasive species are key drivers for increased habitat loss 
and impacts on native wildlife (McAlpine, 2002).  

Urban expansion is a major driver for ecological change, with the ability to significantly alter 
natural landscapes (Bohnet, 2010). In South East Queensland (SEQ), the pressure on the area’s 
biodiversity from urban spread will increase significantly with the predicted population rise of 
approximately 2 million people over the next 25 years (Queensland Government, 2017). The 
increase in population size has effects for nature-based tourism such as the increased demand 
for commercial and private recreational use of national parks, conservation reserves and fragile 
environments (Walsh, 1998).  

Nature-based tourism is increasingly popular on a global scale, with activities such as hiking 
having negative impacts on the natural environment through soil erosion, compaction and 
changes to soil nutrient levels (Ballantyne, 2015). Habitat quality for native wildlife may 
degrade, and the range of suitable habitat may shrink, limiting species to smaller population 
sizes. These changes to soil condition and vegetation growth in habitats has the potential to 
create ideal colonisation opportunities for invasive plant species.  

Invasive species (e.g. pest plants and animals or disease) are an anthropogenic addition to 
wildlife endangerment, affecting 82% of threatened species in Australia (Kearney, 2018). 
Creeping lantana (Lantana montevidensis) is one such species. Lantana has spread into 
National Parks and grazing land, competing with native flora. This competition negatively 
impacts ecosystem processes, which results in a reduction of biodiversity (O'Donnell, 2019). 
Increased rates of predation and competition from invasive species also heavily impact native 
wildlife in Australia (Hazlitt, 2006).  

The target species for this project was the BTRW (Petrogale penicillata). BTRW are rocky 
habitat specialists and are heavily impacted from urban expansion, nature-based tourism and 
invasive species. Habitat specialists and rare species are particularly at risk of experiencing 
negative impacts from habitat loss (McAlpine, 2002). Existing in small isolated populations 
across SEQ, BTRW experience devastating stochastic events such as inbreeding depression 
resulting in a loss of genetic variation (Menkhorst, 2011). As such, BTRW have experienced 
drastic declines in abundance and distribution across SEQ (Hazlitt, 2006). In addition to these 
pressures, BTRW experience competition and predation from introduced predators such as the 
red fox (Vulpes vulpes) and wild dog (Canis lupus familiaris) (Hazlitt, 2006). The combination 
of habitat loss from urban expansion, environmental changes from nature-based tourism and 
predation from invasive species continues to threaten long-term persistence of this already 
declining species.  
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For comparison, a habitat generalist like the swamp wallaby (SW; Wallabia bicolor) are 
persisting at much higher rates expanding their distribution (Allen, 2016). This expansion has 
been attributed to the high dietary versatility of SW. Dietary and habitat generalists are better 
adapted to occupying peri-urban areas, providing an advantage over habitat specialists such as 
the BTRW (Allen, 2016). This allows SW to persist where BTRW cannot.  

However, BTRW and SW are found to occasionally co-exist which may be indicative of 
resource partitioning on a spatial or temporal level to facilitate the observed co-existence (Yick, 
2011), which was a key area of investigation for this project. Sympatric herbivore species have 
observed differences in habitat preferences due to differences in feeding strategies, allowing 
an exploitation of the environment in a unique way. This results in a reduction of interspecific 
competition on a broad scale. In the case of co-existence and therefore habitat overlap, spatial 
resources can be partitioned temporally at a finer scale (Davis et.al, 2017). Previously 
interspecific competition was thought to limit the use of spatial resources, however a fine scale 
temporal partitioning working where spatial exploitation overlaps may be minimising the 
negative effects of interspecific competition (Davis et.al, 2017).  

Outside of a few small-scale studies, BTRW have limited baseline data available in SEQ. This 
study will focus on the spatial and temporal activity patterns of both BTRW and SW in the 
Flinders-Goolman Conservation Estate (FGCE) in Ipswich. The monitoring undertaken 
throughout this project will be valuable in assessing key potential drivers for the observed 
activity patterns of the BTRW.  

Introduction influenced from project brief (Dyer, 2019).  

2.0 Aim & Objectives 
 
2.1 Aim of Project 
The aim of this project was to 1) investigate the spatial and temporal partitioning between 
BTRW and SW, and 2) determine potential factors (such as predation, inter-specific 
competition, and habitat) that influenced the activity observed. The results from this project 
will fill a knowledge gap on BTRW activity in the SEQ BTRW population. 
 

2.2 Objectives of Project 
The objectives of this project were: 

è To conduct a series of monitoring surveys using infrared cameras at a specified study 
site within the FGCE to monitor BTRW and SW activity. 

è To assess the vegetation type and availability of the study site to explain wallaby 
activity. 

è To identify the presence/absence of predators (specifically wild dogs) and identify the 
species using scat analysis techniques. 

è To analyse the data to draw meaningful relationships between wallabies and the 
interactions with their environment. 

è To provide information on BTRW activity in SEQ. 
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3.0 Methodology 
 
3.1 Study Area 
The Flinders Karawatha Corridor (FKC) is a large continuous stretch of open eucalypt forest 
located in SEQ, and is an important biodiversity corridor of local, state, and regional 
significance (Queensland Government, 2019). There are natural values attached to the site as 
the FKC is home to rare and threatened flora and fauna such as the powerful owl, BTRW, and 
swamp tea-tree. There are also a range of cultural heritage values associated with the corridor 
including Aboriginal and European historical sites and recreational opportunities for the nearby 
residential areas (Queensland Government, 2019). Within the FKC there are numerous 
protected areas (Figure 1) that represent a range of Regional Ecosystems (RE). One of these 
protected areas is the FGCE; an estate located in the Teviot Range and relevant to this project.  



ENVM3102 Industry Placement Report Alesia Dyer (44778442) 

Page 8 of 48 
 

 

 

Figure 1: Map of the Flinders Karawatha Corridor 
(FKC) as outlined in orange, conservation areas 
described by the green colour. Area of interest is the 
Flinders-Goolman Conservation Estate, specifically the 
Flinders Peak Conservation Park in dark green. Inset 
shows the location of the FKC in the greater Brisbane 
context. Source: Queensland Government 2019. 
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“The Teviot Range extends from south-eastern Ipswich to northern parts of Scenic Rim and 
south-west Logan” (Ipswich City Council, 2019). The area of interest is the 2,200 hectare 
FGCE in Ipswich, SEQ (Figure 1) in the Ipswich City Council (ICC) local government 
authority. Within the FGCE is the state-owned protected area Flinders Peak Conservation Park 
(FPCP), which spans approximately 106 hectares (Figure 1). The primary purpose of the FPCP 
is the protection of the BTRW habitat (Ipswich City Council, 2019). FGCE also has a sacred 
history with Traditional Owners. It is a culturally significant site through ceremonial activities 
such as fighting grounds, bora rings and women’s business (Ipswich City Council, 2018).  

The broad vegetation types of FGCE are eucalypt woodlands to open forests and heaths. 
Furthermore, two different REs have been identified as present by the ICC and are classified 
in the Regional Ecosystem Description Database (REDD) by the Queensland Government 
(Appendix 1). The two REs present are 12.8.9 and 12.8.24 (listed as Endangered), both open 
forest on igneous rock (Appendix 1). This area supports 149 species including 97 birds, 21 
insects, 13 mammals, 12 reptiles, 4 amphibians and 1 ray-finned fish (Appendix 3). 
 

3.2 Study Species 
Brush-tailed rock wallaby: 

The BTRW (Figure 2) is a “medium-sized marsupial macropod that was formerly widely 
distributed in south-eastern Australia, from south-eastern Queensland through eastern and 
central New South Wales and the Australian Capital Territory to western Victoria” (Menkhorst, 
2011). They are listed as ‘Vulnerable’ under the Environment Protection and Biodiversity 
Conservation Act 1999 (EPBC) but have different conservation statuses under different state 
jurisdictions. New South Wales lists BTRW as more critically ‘Endangered’. The population 
size for FGCE is unknown, but the overall trend for QLD’s population is a “widespread decline 
in range and abundance, with a major range contraction and local extinctions in many areas” 
(Menkhorst, 2011). The threats influencing this decline include predation, habitat degradation, 
habitat fragmentation, and stochastic events associated with small population sizes (Carter, 
2003). The home range of BTRW is relatively small, estimated at around 3 ha (Laws, 2003). 
BTRW are both nocturnal and diurnal, primarily foraging at night. A study conducted in the 
Snowy River National Park (VIC) by L. van Eeden (2011) showed that the diet of BTRW 
consists of forbs (i.e. herbaceous flowering plants other than a grass), monocots, and shrubs, 
with a clear selection preference for forbs at each of the three study sites. The broad vegetation 
assessment conducted during this project was classified into these groups with an abundance 
of shrubs and monocots in the study area. The rocky habitat requirements coupled with the 
need to forage limit the distribution of BTRW to an uneven and isolated distribution. The 
reproductive cycle of BTRW is relatively short and a 64% mortality rate of young inhibits the 
ability of the BTRW to bounce back from decline or genetic bottlenecks. As this population is 
assumed to be small and isolated, the observed mortality rate is suspected to stem from 
increased rates of inbreeding (Menkhorst, 2011).  
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Figure 2: Brush-tailed rock wallaby (Petrogale penicillata) in Flinders-Goolman Conservation Estate. 
Image enlarged from original size to highlight morphological features. Photo courtesy of Timothy 
Shields (Ipswich City Council 2018).  
Swamp Wallaby: 

The SW is a small marsupial macropod (Figure 3) that “maintains a broad distribution along 
the eastern coast of Australia and records have indicated that its range may be expanding” 
(Allen, 2016). SW are listed as ‘Least Concern’ under the International Union for Conservation 
of Nature (IUCN) Red List and are not listed under the EPBC Act 1999. Once again, the 
population size of SW in FGCE is unknown, but due to the higher overall population numbers, 
it can be assumed that the SW population is larger than the BTRW population. There are no 
major threats to SW, hence its low conservation status, but some minor threats include 
predation and habitat degradation. Habitat fragmentation is not an issue for the SW as their 
habitat requirements are more generalised and their home range is slightly larger at 16 ha 
(Allen, 2016). SW are primarily diurnal but have been observed to exhibit occasional nocturnal 
foraging behaviour, not unlike that of the BTRW (Allen, 2016). A dietary study analysing 
stomach contents of roadkill SW showed that a wide range of plant categories were consumed. 
Their diet consists of shrubs, forbs, grasses, fern, fungi, sedges, and vines (Allen, 2016), with 
grasses followed by shrubs the two most dominant plant categories (Osawa, 1990). The 
different foraging habits and dietary preferences between SW and BTRW suggests a spatial or 
temporal differentiation to avoid competition. 
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Figure 3: Swamp wallaby (Wallabia bicolor) image enlarged from original size to highlight 
morphological features. Source: Moonlit Sanctuary 2019.  
 
Methodology influenced from project brief (Dyer, 2019).  
 

3.3 Monitoring of Study Species 
The occurrence and activity of BTRW and SW was recorded using infrared digital cameras. 
Google Earth was used to pin ten potential camera sites near ICC’s site RW08 in FGCE based 
on varying vegetation types, terrain, and landscape features. The measurement tool in Google 
Earth was used to measure approximately 50 m between each camera. A GARMIN 
GPSMAP64s Global Positioning System (GPS) was used once in the field to navigate to the 
pre-determined camera positions, and suitable install locations and orientations were chosen 
based on the view of features such as wildlife trails. The resulting camera deployment layout 
was mapped on QGIS using the GPS coordinates (decimal degrees) (Figure 4). This placement 
of cameras meant that individuals had the potential to be captured on adjacent cameras. The 
area covered by these cameras (including a buffer zone for the camera range) is estimated to 
be 2.7 ha, similar to BTRW home range. The implication of the cameras being in close 
proximity is that observations and camera sites were not truly independent. However, since the 
aim of the project was to provide spatial and temporal visualisations, the lack of independence 
is not relevant.  
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Figure 4: Wallaby monitoring camera locations in Flinders-Goolman Conservation Estate. The 
Ipswich City Council site RW08 is outlined in yellow. Inset shows the location of the study site within 
the context of South East Queensland. 

 
Cameras were installed on the 12th August 2019 and remained in the field until the 22nd October 
2019. Fortnightly checks for batteries and SD card swaps were made five times throughout the 
deployment. This method was chosen as it has been acknowledged as an effective time frame 
for camera deployment (Meek, 2012). All cameras were active 24 hours a day, automatically 
triggered by movements of infrared sources (i.e. heat and motion) detected by a sensor, with 
the cameras set to take a series of three pictures one second apart after being triggered. Images 
were stored on either an 8-GB Delkin Devices SD 163X or 16-GB SanDisk Ultra Compact 
Flash Card. Details of the cameras used are described in Table 1.  
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Table 1: Camera trap details (Site, Camera make, Camera model, Orientation, Site description and 
elevation) at time of deployment at RW08 in Flinders-Goolman Conservation Estate. All cameras were 
infrared flash type.  

Site Camera 
make 

Camera 
model 

Orientation Site description Elevation 
(m) 

1 Reconyx HC500 
HyperFireTM 

SE High upon scree, facing eucalypt 
woodland slope 

271 

2 ScoutGuard SG560K-
18M HD 

NE High upon slope, open eucalypt, 
grassy 

262 

3 Reconyx HC500 
HyperFireTM 

S Eucalypt woodland, open 
understorey 

245 

4 ScoutGuard SG560K-
18M HD 

NE Eucalypt woodland, down slope, 
open grassy 

212 

5 ScoutGuard SG562C S Eucalypt woodland, east of dry 
vine, grassy ground cover  

204 

6 Reconyx HC500 
HyperFireTM 

S, SW Lantana treatment site, dry creek 180 

7 ScoutGuard SG560K-
18M HD 

SW Facing den and ledge (rock-
climbing nodes on site) 

239 

8 Reconyx HC500 
HyperFireTM 

NW Scree beneath cliff, flight path 247 

9 ScoutGuard SG562C S 8m from drainage feature, edge of 
dry rainforest, just out of scree 

180 

10 Reconyx HC500 
HyperFireTM 

S Scree: edge (West), fig tree, vines, 
edge of A. fimbriata 

196 

 

The orientation of five of the ten cameras was adjusted (Table 2) based on reviewing images 
and finding low visibility of animals (e.g. a wallaby tail was caught but the wallaby was always 
off-camera). The adjustments made aimed to increase the visibility of the animal for 
identification purposes and to gain a more accurate picture of wallaby activity. The final 
orientation of all cameras can be seen in 
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Figure 5.  
 

Table 2: Camera orientation changes in Flinders-Goolman Conservation Estate throughout the 
monitoring period.  

Camera Number Date Changed Previous Orientation New Orientation 
1 09/09/2019 South-East East, South-East 
3 09/09/2019 South South-West 
6 09/09/2019 South, South-West South-West 
9 09/09/2019 South South-East 
4 23/09/2019 North-East North-West 



ENVM3102 Industry Placement Report Alesia Dyer (44778442) 

Page 15 of 48 
 

 

Figure 5: Final camera orientations in Flinders-Goolman Conservation Estate. Camera orientation is 
indicated by the orange arrow. 

A vegetation assessment was carried out on the final trip to the field, where supervisor Matt 
Cecil identified dominant canopy and foraging species to the best of his ability.  Photos and 
leaf samples of unknown plant species were taken back to the office for further identification. 
The study site was classified into four broad vegetation categories according to these dominant 
species and the RE description. 

Three predator scats were opportunistically collected during trips to the field and the GPS 
coordinates of each scat was recorded while in the field (Figure 6). Scat 1 was located outside 
of FGCE on a separate field trip to assist Quoll Seekers Network in collecting their cameras 
but was included in analysis as predators can move greater distances than wallabies. The scats 
were handled safely and appropriately stored in paper bags and then sealed in a zip-lock bag 
for ease of postage. The scats were analysed by Barbara Triggs, a scat analysis specialist and 
independent researcher in Victoria, Australia.  
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Figure 6: Predator scat locations with respect to the monitoring cameras in Flinders-Goolman 
Conservation Estate, Ipswich.  
 

3.4 Data Coding & Analysis 
Similar to Meek’s temporal study on small mammals (2012), we were unable to identify unique 
individuals from the images. Since the aim of the project was to investigate spatial patterns 
rather than abundance, the term ‘event’ was adopted to define a series of images taken by a 
camera trap. A gap in visitation of more than five minutes was defined as a new event. This 
number was assigned as there were many series of images where a SW forages in front of the 
camera for roughly five minutes and can be confidently identified as the same individual.  

Microsoft Excel was used to sort the data by cameras then conditional statements were used to 
classify observations more than five minutes apart as individual ‘events.’ The events were 
assigned the number “1”, where other observations within five minutes of another observation 
were assigned a “0”. The occasional manual entry was needed for the sighting of a unique 
species less than five minutes from the species before because the conditional statement did 
not recognise unique species observations, just the time difference in visitation. Another output 
of camera traps is photographic rates, which should be interpreted as an index of activity rather 
than an index of abundance (Sollmann, 2018). From this, data can be analysed using linear 
mixed models, however this requires spatial independence (Sollmann, 2018). The camera trap 
design lacks spatial independence; therefore, we analysed the data spatially and temporally 
based on activity patterns and counts of events rather than counts of individuals. Proportional 
analysis was conducted on the proportion of counts of events per species across each of the ten 
different cameras.  
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Population sizes and abundance of wallabies was not measured therefore if two or more 
wallabies of the same species were in a single image it was treated as the same event. If two 
individuals from different species were observed in the same image, then a copy of the data 
was made to record one event per species (i.e. one identical observation per species).  

Camera trap images can be difficult to differentiate morphologically similar wallaby species 
(Meek, 2012). Species identification was especially difficult between SW and BTRW as they 
have similar colourations and physiological features. This became particularly difficult with 
the images taken at night, as the camera flash altered the success rate of differentiating SW and 
BTRW based on colouration as observed in the images taken during the day. In cases where 
the identity of the species was unclear the observation was classified as “Unknown”. The 
occasional image was completely unidentifiable to a class level; these observations were 
classified as “Unidentified”. Both classifications were ignored for data analysis to avoid a 
misrepresentation of BTRW and SW activity. Identification of species was conducted using 
multiple field guides to Australian mammals (Menkhorst, 2001 & Van Dyck, 2008) to cross-
reference morphological features observed in camera trap images with existing observations.  
 

3.4.1 Mapping & Graphing 
Data was categorised by camera number and the time of observation. Proportional analysis was 
run to understand the percentage of the focal species (SW, BTRW and wild dogs) that fell into 
each of these two categories (i.e. spatial and temporal categories). Data analysis was conducted 
for the two groups of spatial and temporal data through Excel and QGIS. Temporal data was 
categorised into two different formats for analysis. The first was by standardising night and 
day times into two 12 h blocks. “Day” was defined as 5am to 5pm and “night” was defined as 
5pm to 5am. These were assigned according to the average sunrise and sunset times at the 
commencement and completion of the project. The second categorisation of temporal data was 
by dividing a standard 24 h day into six times four hour blocks where 12am until 4am was 
defined as “early morning”, 4am to 8am was defined as “dawn”, 8am to 12pm was defined as 
“morning”, 12pm to 4pm was considered “afternoon”, 4pm to 8pm was considered “dusk” and 
8pm-12am was considered “night”. Spatial data was categorised according to the camera trap 
number.  
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4.0 Results 
 
Data was analysed from a total of 72 camera trap “days”, which is equivalent to ~17 280 h of 
field observations. Over the survey period, a total of 34 BTRW, 305 SW and 14 predator 
events were recorded, where a single event had 1-60 images taken. Measuring abundance was 
not an objective of this project and so these images were assumed to be the same individual. 
In total, 14 unique species were identified throughout the survey period (Figure 7). Three 
predator scats were collected and analysed. Invasive plants such as creeping lantana (Lantana 
montevidensis) were present throughout the study area and dominant canopy and foraging 
species were listed (Table 3) and mapped (Figure 8).  
 

 

 
Figure 7: Stacked area chart showing the number of focal species observed at each camera site. 
“Other” includes red-necked wallabies, whiptail wallabies, foxes, echidnas, lace monitors, sand 
goannas, pigeons, kookaburras, magpies, bandicoots and currawongs. 
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Table 3: List of dominant canopy and foraging flora species present in each broad vegetation 
classification.  

BROAD VEGETATION CLASSIFICATION 
Acacia Woodland Lophostemon Open 

Forest 
Dry Rainforest 

Heath 
Open Eucalypt 

Forest 
Acacia fimbriata 

 
Eucalyptus crebra 

 
Corymbia citriodora 

 
Psydrax odorata 

 
Lantana 

montevidensis 
 

Alyxia ruscifolia 
 

Lantana 
montevidensis 

 
Lantana camara 

 
Dianella caerulea 

 
Lophostemon 

confertus 
 

Psydrax odorata 
 

Alyxia ruscifolia 

Alphitonia excelsa 
 

Acacia fimbriata 
 

Psydrax odorata 
 

Cymbopogon 
refractus 

 
Ficus rubiginosa 

 
Alyxia ruscifolia 

 
Mallotus philippensis 

 
Austrosteenisia 

blackii 

Lomandra 
confertifolia 
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Camera trap placements were biased towards open eucalypt woodland due to the larger 
coverage area, with four out of ten cameras situated within this vegetation category (Figure 8). 
No cameras were placed in the acacia woodland due to the relatively small distance chosen 
between cameras (50 m). Three cameras were located along the scree (dry rainforest heath), 
with Cameras 1 and 10 bordering the neighbouring vegetation type (Figure 8). While the map 
designates borders for vegetation categories, there was often overlap between plant species 
encroaching on the neighbouring category (Table 3), rather than a drastic change from one 
composition to the next.   
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Figure 8: Broad vegetation classifications based on the dominant canopy and foraging species present 
in the study area showing the distribution of camera locations and their respective vegetation type. 
 

4.1 Spatial Patterns 
The spatial distribution of BTRW and SW activity varied greatly between sites, with cameras 
1, 6 and 8 being “hotspots” for wallaby activity (Figure 9a, c). SW activity was primarily 
captured on Camera 6 near the creek, situated in lophostemon open forest and Camera 1, 
bordering the scree and open eucalypt woodland (Figure 9a). Wild dog activity contrasted to 
that of the SW with Cameras 4 and 9 being heavily visited, and an overlap of visitation at 
Camera 1 (Figure 9a). Once again, activity between these two occurs in lophostemon open 
forest along the creek line and the scree slope, with Camera 4 being an outlier situated in open 
eucalypt woodland and also displaying higher visitation rates by the wild dogs. BTRW activity 
is highly concentrated along the scree slope, specifically Camera 8, with light activity being 
recorded at the den site (Camera 7), and a one-off recording event at Camera 9 (Figure 9c). 
BTRW activity primarily occurred in the dry rainforest heath of the scree slope, with a single 
visit to the lophostemon open forest near the creek line.  
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Figure 9: Heatmaps showing the distribution of animal activity across ten different camera sites in 
Flinders-Goolman Conservation Estate, where (a) is swamp wallaby activity, (b) is wild dog activity, 
and (c) is brush-tailed rock wallaby activity.  
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In classifying the camera trap images, an anomaly was found where the spatial separation of 
wallabies was not observed, and the BTRW (circled) and SW were captured in the same image 
(Figure 10). This was only observed for a series of six pictures in which the BTRW hopped off 
camera to the left and was no longer in the camera’s field of view. This image displayed not 
only a spatial overlap but also a temporal overlap in activity patterns.  
 

 

Figure 10: Camera trap image of swamp wallaby (foreground) and rock wallaby (background) active 
at the same time at the same location. Image was taken on Camera 8 at the beginning of the monitoring 
period.  
 

While conducting the vegetation assessment, a significantly higher proportion of plants with 
evidence of browsing pressure was observed near Camera 8. There was evidence of browsing 
pressure on a series of small woody shrubs that were unidentifiable (Figure 11). The browsing 
pressure of these plants was noted because of the high density of the BTRW activity at Camera 
8.  
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Figure 11: Evidence of browsing pressure on small woody shrub on the scree slope. Image taken on 
22nd October 2019, near Camera 8.  
 

4.2 Temporal Patterns 
BTRW activity was mainly diurnal (Figure 12) with the peak hours of activity occurring 
between dawn (sunrise) and morning (Figure 13). Very little activity was seen from the BTRW 
in the darker hours (Figure 14). SW activity was higher at night, but a high percentage was 
during the day (Figure 12), with peak activity occurring across the early hours of the morning, 
dawn (sunrise) and dusk (sunset) (Figure 14). SW activity patterns had a much more even 
distribution across the daily cycle than BTRW activity patterns (Figure 13). In contrast, wild 
dogs were almost completely nocturnal (Figure 12), almost exclusively being captured by the 
camera during the hours of 12am to 4am, with minimal activity being recorded at dawn (Figure 
13Figure 13).  

Three cameras had high capture rates for the three focal species; Camera 1 primarily captured 
night activity, whereas Cameras 6 and 8 were biased towards capturing wallaby activity during 
the day (Figure 12). These distributions observed were attributed to the types of species 
captured on the cameras and their respective activity patterns. For example, Camera 8 captured 
a high density of BTRW activity (Figure 9) and with their diurnal behaviour it is expected that 
the camera will have a higher daytime proportion than night.  
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Figure 12: Proportion of day and night activity based on the number of activity events (n=353) 
recorded during a 24 h period at the ten camera locations in South East Queensland presented by (a) 
species and (b) species combined across sites. “Night” is considered as the hours of 5pm to 5am, and 
“Day” is considered 5am to 5pm.  
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Figure 13: Activity patterns over 24 h of (a) swamp wallabies, (b) rock wallabies and (c) wild dogs 
using camera traps at ten sites in South East Queensland. Standard 24 h day split into six times four-
hour blocks, where early morning is 12am until 4am, dawn is 4am to 8am, morning is 8am to 12pm, 
afternoon is 12pm to 4pm, dusk is 4pm to 8pm, and night is 8pm to 12am.  

 

(a) (b) 

(c) 
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Figure 14: Camera trap images showing (a) a swamp wallaby active during “early morning” and (b) 
a rock wallaby active during “morning”. Both images are from Camera 8. 
 

4.3 Scat Analysis 
Scat analysis was conducted externally to this project. The samples were analysed by Barbara 
Triggs, and results were emailed through in a simple Excel spreadsheet format, rearranged for 
ease of display (Table 4). The predator scats identified primarily belonged to wild dogs and 
foxes which were recorded in FGCE during the study (Figure 15).  
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Table 4: Scat analysis results (scat number, type of scat, mammal present in scat).  

Scat Number Scat Identification Mammal Identification 
1 Dog Canis lupus familiaris 
2 Fox Isodoon macrourus 
3 Fox Macropus sp. 

 

 

 

Figure 15: Camera trap images of (a) a wild dog (Canis lupus familiaris) and (b) a red fox (Vulpes 
vulpes). Both images have been cropped and enlarged from the original to highlight the 
morphological features of the species. Both images were captured on the 19th October, with image (a) 
being captured on Camera 9 and image (b) being captured on Camera 8.  
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5.0 Discussion 
 
The heatmaps provide a starting point for determining what potential drivers may be behind 
the high levels of activity observed on specific cameras. These drivers are likely to vary 
between sites and species and may combine to form a complex array of behavioural patterns. 
The activity patterns of BTRW and SW are of particular interest due to the specialist nature of 
one and the generalist nature of the other. BTRW were highly concentrated on the rocky scree 
below the den site, with a once-off visitation recorded at the creek line. This kind of behaviour 
is supported by the literature and the BTRW tendency towards rocky habitats (Menkhorst, 
2011). SW activity patterns were in accordance with the literature; being a generalist species 
they were observed across almost all of the camera traps, with foraging occurring mainly at 
night (Allen, 2016).  

The image where BTRW and SW were captured together suggests the occasional overlap in 
activity patterns, which may lead to increased competition and an encroachment on the BTRW 
habitat by the SW (Allen, 2016). Being a generalist species, the SW can successfully inhabit 
rocky areas as well as the other vegetation areas, whereas BTRW are confined to these rocky 
areas alone. However, a BTRW was observed down near the creek line on Camera 9, which 
begs the question why. It should be noted that the creek was mostly dry for the duration of the 
study, with one small puddle observed on the final field visit. The implications of this overlap 
of SW on the scree may be causing the BTRW to expand their range slightly in search of food. 
Another potential driver for this anomaly may be the occurrence of a fox up on the scree the 
same week as the BTRW was at Camera 9. Perhaps there is a combination of predator and 
inter-specific competition avoidance on the part of the BTRW that drove them to expand their 
range. The browsing pressure on shrubs at Camera 8 may have also been evidence of SW 
consuming the food resource that BTRW require, and so it may have been a lack of food driving 
the BTRW to Camera 9. 

Wild dogs were active across the same sites as SW, but only overlapped with BTRW on 
Camera 8 and 9. Where the BTRW, wild dogs and SW were found to coexist, a temporal 
differentiation was observed where BTRW were active at times opposite to the wild dogs and 
SW, which may be indicative of predator avoidance on behalf of the BTRW. The genetic 
isolation BTRW populations face make them particularly vulnerable to the effects of 
introduced predators (Hazlitt, 2006), and so predator avoidance may be a key driver explaining 
the observed temporal partitioning exhibited by the BTRW and wild dogs. The scat results 
show that BTRW and SW are not being eaten but this does not mean that their presence as a 
potential predator drives the BTRW to exhibit different behaviour to what it might in the 
absence of predators. The observed spatial patterns may be driven by browsing competition 
whereas predator avoidance occurs on the temporal level.  

Due to limited time and resources, the vegetation assessment was quite rough and broad and 
aimed to potentially explain the spatial distribution of animal activity. Camera placement was 
biased towards the open eucalypt forest, however very little activity occurred on these cameras. 
The low density of animal activity may be explained by the open nature of the vegetation; there 
was an abundance of wildlife trails and so it would be expected that activity would be high. 
This was not the case, with wallabies moving through quite fast rather than stopping and 
foraging (like in Camera 6). There is no refuge in the open woodland, and while there is an 
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abundance of movement of species, there is a lack of ‘activity’. Creeping lantana was also very 
dominant throughout the site, especially in the open eucalypt woodland, so the normal 
browsing habits of SW and BTRW may be impacted. Both wallaby species’ diets include 
grasses, of which may be outcompeted by the lantana and so secondary food sources such as 
the woody shrubs become the new driver for foraging behaviour. For future studies on this 
BTRW population a more comprehensive vegetation assessment could be conducted to 
determine the actual composition of the site, and with this information the browsing habits of 
the BTRW may be further understood. For example, a dietary analysis could be conducted on 
BTRW and SW scats and could be compared to investigate the level of competition between 
the two species for food resources.  

Based on the temporal data for BTRW activity patterns, a recommendation for future 
management of the site would be to avoid conducting activities before 12pm, as that is when 
the BTRW are most active. For example, weeding activities to help promote native forage 
species should be conducted in the afternoon so as not to impact the BTRW activity cycles. If 
the more in-depth vegetation assessment was completed, then the environment the BTRW were 
observed in could be better understood; are foraging species dominant, or is it rocky cover that 
they tend towards? 

While it was not an aim of the study, a very rough estimation of population numbers was 
conducted using assumptions and powers of deduction. For the BTRW population, there 
appears to be only one individual; the timestamps make a plausible case for one individual, 
however there were no other identifiable features of the wallaby that confirmed there was one 
and not two individuals. For the SW, there were at least five individuals, with this deduction 
being based off both timestamps and identifiable features. For example, there were two 
different mother and joey pairs, with one confirmed male. There may be another two or three 
individuals but there is no way to be scientifically certain.  
 

6.0 Conclusion 
 
The activity patterns of BTRW and SW have been found to differ in time and space in FGCE. 
The drivers of this is most likely a combination of both habitat type (vegetation composition) 
and predation, however further research is needed to investigate this. This project aimed to 
contribute information to the knowledge pool of BTRW and has not only achieved this but also 
provided many questions for future studies to investigate. In conducting any future study, a 
potential addition may be to set up cameras on the other side of the creek. In many of the 
photos, wallabies were seen travelling towards the next hill after the creek, but there is no 
current explanation for why that may be. Setting up a mirror project for the other hill may help 
explain the movement patterns exhibited by SW in this project. For the BTRW, it may be 
valuable to assess tourism numbers and the effect of noise pollution on the den site as it is quite 
close to the walking track. Overall, assessing the broader landscape in a more holistic way may 
explain the different aspects to the spatial and temporal separation of these wallaby species.  
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Figure A1.1: Pre-clearing Regional Ecosystem Map of the Flinders-Goolman Conservation Estate. 
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Figure A1.2: Remnant Regional Ecosystem Map of the Flinders-Goolman Conservation Estate.  
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Table A1.3: Brief Outline of Regional Ecosystem 12.8.9 present in the Flinders-Goolman 
Conservation Estate. Source: Queensland Government 2019. 

Regional Ecosystem ID 12.8.9 

Vegetation Management Act Class Least Concern 

Biodiversity Status Of Concern 

Short Description Lophostemon confertus open forest on 
Cainozoic igneous rocks 

 

Table A1.4: Brief Outline of Regional Ecosystem 12.8.24 present in the Flinders-Goolman 
Conservation Estate. Source: Queensland Government 2019. 

Regional Ecosystem ID 12.8.24 

Vegetation Management Act Class Endangered 

Biodiversity Status Endangered 

Short Description Corymbia citriodora subsp. variegata open 
forest on Cainozoic igneous rocks especially 
trachyte 
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Appendix 2: Animal Ethics Approval 
Figure A2.1: Animal Ethics Approval (Wildlife Preservation Society of Queensland). 
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Figure A2.2: Scientific Purposes Permit. 
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Figure A2.3: Animal Ethics Approval Certificate (University of Queensland). 
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Appendix 3: Species List for a Specified Point 
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10.0 Reflection 
 

The industry placement I undertook this semester has been a challenging but valuable 
experience. Throughout my placement at WPSQ I have been presented with various tasks, with 
the most complicated task being my overall project for the semester. Most of the placement 
experience was new to me; I have never worked in an office setting before, never been involved 
with a non-government organisation, and I’ve never had to completely design and manage a 
project and project budget. Office tasks were simple and straightforward for the most part, but 
if there was ever a point where I was unsure of something I just asked and double-checked the 
process to dealing with the problem. Most of the challenges and new experiences came from 
the project itself, particularly the management side of things.  

The most significant learning experience from my placement was the writing up of the actual 
report in terms of interpreting the data/conducting data analysis. It was quite difficult to decide 
on exactly what data I wanted to present, how I wanted to present it in order to communicate 
inferences and patterns I was observing, and how to conduct this in a way that addressed my 
aims/objectives. I thought the data analysis would be simple and straightforward, and I think 
this was because I am used to writing up prac reports or scientific experiments that have clear 
aims, outputs and data that can be statistically analysed. My project on the other hand was a 
very observational project, with the aims changing from the project brief to the final report, 
and even changing while writing the final report. The data I collected was not able to be 
statistically analysed, as it was largely observational ecological data that was used to inform 
management decisions rather than to prove/disprove a hypothesis. My project was very 
flexible, and completely driven by me to adapt my project to the data I was collecting, which 
normally I thought I was pretty good at being flexible, but the data analysis really challenged 
my attitude towards this.  

Because the data was not suitable for statistical analysis, it took me a while to get my head 
around what kind of analysis I could conduct. I didn’t realise the data wasn’t suitable for 
statistical analysis at the start, and so I spent a lot of time playing around with different analysis 
options that were statistical. In doing this alone, I ended up stuck on a data loop with no new 
ideas, and a lack of understanding why my data couldn’t be analysed the way I wanted, and it 
was quite frustrating. At some point I realised that I should ask for help. I was worried that by 
doing so the answer would be something completely different to what I’d already done, and I 
didn’t want my hard work and data manipulation to go to waste, so I didn’t ask for help for a 
little while. I am occasionally stubborn, and so reflecting on this struggle with data analysis I 
realise I was having a stubborn approach to overcoming the analysis problem by myself. 
However, it was really frustrating me and eventually I was so lost in the loop I reached out to 
various people for an outside opinion because I was completely stumped. I realised that by 
doing this they could give fresh ideas and perhaps they have more experience with analysing 
my type of data than I did. I asked my supervisor Matt, my fellow placement students, my 
academic supervisor and I also emailed the authors of articles conducting projects very similar 
to mine. This was very valuable as the census across the board was that the data analysis should 
focus on visual patterns, since it is unsuitable for statistical analysis because of a lack of 
statistical indpendence. I received very useful papers from one of the authors regarding analysis 
options for camera trap data, which set me on a good path and gave me direction for what to 
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do with my data. Matt also suggested creating a heatmap to visualise spatial patterns, which I 
would never have thought of since I hadn’t covered heatmaps in my degree so far. I knew how 
they worked though, and with some googling I had a very informative representation of the 
data. Asking other people to help is a very valuable option when you are stuck on something; 
I remember reading a paper once about multidisciplinary approaches to environmental 
management, and the value of differing experience in knowledge working together on one 
problem, and in this case it was a practical example of how people from different academic 
backgrounds can provide direction and solutions when they combine their opinions. This is 
partly what drove me to ask for help, since I was stuck, and I clearly needed assistance.  

Similar to the struggles with data analysis, I faced a challenge with vegetation data for my 
project as well. However, this was a slightly different situation since I am quite limited in my 
vegetation knowledge, but I am extremely aware of this. With my limitations I was much more 
ready to ask for assistance straight off the bat, rather than “waste” my time trying to do it solo. 
I think this was because with data analysis I like to think I understand it a little more, and 
therefore thought I could solve the problem with my own knowledge base. I think this is what 
led me to be reluctant to ask for help compared to the vegetation data where I didn’t even 
attempt anything solo. Stubbornness is a trait of mine, so I am not surprised that I attempted to 
work through the data analysis by myself. I will need to be aware of this in future and know 
where my limitations are and when to ask for help in order to be the most time efficient I can.  

Apart from learning technical skills like GIS and field techniques, I feel like the most valuable 
skills I have taken away from this is the ability to ‘humble’ myself, overcome my stubborn 
approach to solving problems and ask for help and accept the constructive criticism that comes 
my way by doing that. Also, the ability to let go of previous hard work in order to create 
something more informative and valuable (like my data manipulation that wasn’t useful for the 
report after asking second opinions on analysis options).  

By designing and managing my own field-based project, my project management skills were 
further developed. I am quite happy with how I dealt with the size of the project. Time 
management is crucial in projects such as these, and I feel I excelled with this, even despite the 
analysis setbacks. I have good organisation skills and I feel that this project enhanced my ability 
to be flexible, organised and I feel it only strengthened my time management skills. I pride 
myself on my organisation and time management skills and this project was a nice confirmation 
of some of my strengths.  


