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Summary 

A thermal survey of Cardinia Creek Catchment was undertaken from 3-4 July 2021.  Deer were 

recorded on 28 of the 35 transects flown during the survey.  There were 78 observations of 

deer (largest group size = 7, average group size = 2) totaling 158 deer seen during the survey.  

Abundance estimates for deer based on these observations across the survey area is 1695 ± 

324, (𝐶𝑉 = 19%). The density of deer across the survey area is 15.3 ± 2.9 per km2
.    
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Introduction 

Deer are among the world’s most successful invasive mammals with six species establishing 

wild populations in Australia (Côté et al. 2004; Nugent et al. 2011) and wild deer present in 

every state and territory (Moriarty 2004). The distributions and abundances of these deer are 

increasing (Claridge 2014; Wicks et al. 2014; Burgin et al. 2015) along with their detrimental 

effects on natural and agricultural ecosystems (Côté et al 2004). Deer are known to be present 

in the Cardinia Creek catchment area, however, no formal surveys of their abundance and 

distribution have previously been undertaken.  An accurate estimate of population size will help 

gauge the level of impact deer may be having in the catchment, as well as provide the first step 

towards successful management of deer in the region.  The following report provides details on 

the thermal imaging surveys undertaken within the Cardinia Creek catchment to estimate the 

abundance and density of deer in the catchment area (Figure 1).  The surveys were undertaken 

in July 2021 for the Cardinia Creek Deer Management Coalition. 

 

Figure 1: Outline of the Cardinia Creek catchment thermal survey area. 
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Survey design 

For helicopter surveys, transects are placed across the study area to ensure representative 

coverage of the different vegetation types to improve the precision of the estimate for the 

overall area (Thomas et al. 2007, Fewster et al. 2009).   

The size of the survey area was 111km2 (excluding the reservoir). Flight transects for the area 

were 500m apart in a parallel formation (Figure 2) with the camera facing out of the right-hand 

side of a Robinson 44 helicopter. The helicopter flew at variable speed (30-35 knots over dense 

habitat, 35-40 knots over sparse or open habitat) at 220 feet. The strip width was 105m. The 

survey block was flown once and took two flights to complete.  Surveys flights consisted of one 

afternoon flight on the 3rd and one morning flight on the 4th of July. The total transect length 

flown was 119.46km, with 59.73km of transect surveyed (observations were made from one 

side of the helicopter only).  With a swath width of 105m, approximately 6.27km2 of the area 

was surveyed.   

Equipment 

The thermal imager used during the survey was a Sierra-Olympic VayuHD uncooled 

microbolometer array.  This imager has a 60Hz viewing and export rate, a 24 x 14.5mm sensor 

which produces a 1920 x 1200 pixel high definition image.  This sensitivity allows easy 

differentiation between different animal types (e.g. deer vs horses).  For helicopter surveys a 

Panasonic GH5 4K video camera was also mounted to the top of the thermal imager so that 

visual footage could be used to confirm species identification where required.  Both the 

thermal imager and the 4K video camera were mounted to a Ronin MX gimbal for image 

stabilisation which was then mounted into the open-door frame of the helicopter.   
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Figure 2:  Parallel transects flown during the helicopter thermal surveys over the Cardinia Creek 

catchment area. 
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Data analysis  

Where data were sufficient, they were analysed using the Distance software package (Miller et 

al. 2019) in the RStudio environment (RStudio Team 2020).  Distance sampling is a widely used 

technique for estimating the size or density of biological populations and is a key method for 

producing abundance and density estimates in challenging field conditions (refer to Buckland et 

al. 2001).  For thermal imaging surveys, when the footage is reviewed and observations are 

logged, all distances of each observation are recorded.  The distribution of the observed 

distances is used to estimate a "detection function" that describes the probability of detecting 

an object at a given distance. Detection is expected to decrease with distance away from the 

observer (thermal imager) and modelling how detectability drops off with increasing distance 

from the transect allows for estimation of how many objects there are in total in the area of 

interest, based on the number that were actually observed. 𝐶𝑉 is a statistical measure of the dispersion of data points in a data series around the mean. It 

shows the variability of the data in a sample in relation to the mean of the population. If 

average group size is 2, but a group of 10 is seen, then if detections are low, the 𝐶𝑉 for the 

survey would be high (because the group size is highly variable). The only way to overcome a 

high 𝐶𝑉 is to take repeated measures of the sample population. The current method of 

reducing 𝐶𝑉 in animal surveys (ground based and aerial) is through repeating measures (usually 

three times). This increase in survey effort reduces the impact of outlier groups (such as groups 

of 10 where the common group size may be 2).  A 𝐶𝑉 of 25-30% is common for repeated visual 

aerial survey.  A high 𝐶𝑉 is usually a function of low detections and highly variable group size.   

 

Results 

There were 78 detections of deer (158 individuals, average group size = 2, largest group size = 

7) and two detections of pigs (one group of four and one group of two) across the survey area 

(Figure 3).  Detections of deer were high across the survey area with deer recorded on 28 of the 

35 transects. The detections were analysed to estimate density and abundance of deer for the 

region overall.  The estimated abundance for deer based on these observations across the 

survey area is 1695 ± 324, (𝐶𝑉 = 19%). The density of deer across the survey area is 15.3 ± 2.9 

per km2
.     A check of the model shows that it is a good fit of the data and confirms confidence in 

the overall estimate (Figure 4).  The fitted detection function for deer in the survey region is 

shown in Figure 5.    
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Figure 3:  Observation of deer (blue) and pigs (red), including group size, captured during the 

thermal survey. 
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Figure 4: A check of the goodness of fit of the model to the data.  The closer to the line the 

observations (circles) are to the line, the better the fit of the model to the data. 

 

Figure 5:  Detection function for deer across the survey region. 
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Discussion 

Deer were detected in high numbers during the survey.  The density of deer in the catchment is 

very high, with an average of 15 deer per square kilometer within the survey area.  Deer were 

observed in almost every area of suitable habitat within the catchment.  High deer numbers are 

consistent with observations of deer numbers in Victoria in general, where considerable 

population growth of red, fallow and in particular sambar has been observed.   

The impact of high deer numbers on the catchment can be expected to be substantial.  Deer 

can act as seed dispersers for weeds due to their broad diets and large home ranges (Taylor 

1971; Statham and Statham 1996; Mason 2006). Antler rubbing can damage and kill a large 

proportion of plants and the potential for competition for food and habitat resources between 

native herbivores and deer is high (e.g. Davis et al. 2008; Forsyth and Davis 2011).  

Where deer activity is concentrated around water sources there may be concern about 

degradation of water quality (Department of Conservation and Environment 1992; NSW 

Department of Environment and Conservation 2004). Deer may cause compaction and erosion 

of soils, particularly in areas of heavy use (Parks Victoria 2005, Forsyth 2006, Peel et al. 2005). 

In environments with erodable soils (including creek and river systems) the consequences of 

high deer numbers may be severe (Department of Conservation and Environment 1992, NSW 

Department of Environment and Conservation 2004).  

An intensive control program is required to bring this deer population under control and to 

reduce their impacts on the catchment.  Deer and their management are subject to a number 

of pieces of legislation in Victoria that will need to be navigated before undertaking any control 

program in the Cardinia Creek catchment (Table 1). While there has been little evaluation of the 

efficacy of deer-management techniques in Australia, previous international research shows 

that intensive integrated control programs are required to reduce the impacts of high-density 

deer populations (Frost et al. 1997; Husheer and Robertson 2005).  Helicopter- and ground-

based shooting has been effective in New Zealand Crouchley et al. 2011; Forsyth et al. 2013) 

but ground-shooting alone has had little effect (Caughley 1983). Widespread commercial 

ground- and helicopter-based shooting can be effective at substantially reducing deer 

abundances at large spatial scales (Forsyth et al. 2011), however, some of these techniques 

may not be utilized in the Cardinia Creek catchment due to the close proximity of residential 

areas. 

This first survey of the deer population in the Cardinia Creek catchment area shows that deer 

are present in high numbers.  An approach to reducing the deer population is recommended to 

reduce environmental, agricultural and amenity impacts.  This survey provides a strong baseline 

against which to measure the impact of future control programs on deer populations in the 

Cardinia Creek catchment. 
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Table 1:  Relevant legislation and their key points for the management of deer in Victoria 

(adapted from Davis et al 2016). 

Status of wild deer Relevant legislation Key aspects 

Wildlife Wildlife Act 1975 All deer are protected as wildlife.  Six 

species (chital, rusa, hog, fallow, sambar 

and red) are further declared game 

species for the purpose of the Wildlife 

(Game) Regulations 2012. 

Deer causing damage on public land can 

be destroyed under an Authority to 

Control Wildlife permit. 

Deer (excluding hog deer) demonstrably 

causing damage on private property are 

subject to an ‘unprotection order’ and can 
be destroyed without permit in 

accordance with specified conditions. 

Game Wildlife (Game 

Regulation) 2012 

Deer declared to be gae can be hunted 

under a licence where harvest method is 

specified (e.g. firearms, hounds). Year-long 

hunting season and unrestricted bag limit 

for all game deer species, except hog deer.  

Other restrictions may apply on public 

land. 

Pest Catchment and Land 

Protection Act 1994 

All deer except chital, hog, red, wapiti, 

sika, sika-red hybrids, fallow, rusa and 

sambar, are listed as prohibited pest 

animals. 

Potentially 

threatening process 

Flora and Fauna 

Guarantee Act 1988 

Sambar are listed as a Potentially 

Threatening Process for the reduction in 

biodiversity of native vegetation. 
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