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1.  Executive Summary  

 

An aerial survey was conducted in September to October 2019 to estimate the abundance, density 

and distribution of the wild fallow deer population in the 19,905 km2 survey area, encompassing the 

traditional deer range in central and north-eastern Tasmanian (Figures 1 and 2).  The survey area was 

covered by twenty east-west transects, 10 km apart, and two small north-south transects that were 

surveyed from a helicopter flying at an above ground height of 200 feet (61 meters) and a speed of 50 

knots (93 km per hour).  Three observers used a distance sampling method to record visual deer 

observations.  Thermal camera imagery was used simultaneously with visual observation to evaluate 

its applicability to aerial surveying of wild fallow deer.   

Abundance, density and distribution estimates were derived from visual observation survey data.  

Analysis of the survey data gave an estimate of the population of wild fallow deer in the 19,905 km2 

survey area of 53,660 with a Coefficient of Variation (CV) of 19%, indicating a satisfactory level of 

precision.  The average density of deer within the survey area was estimated to be 2.7 deer per km2.   

Wild fallow deer were found throughout their expected core range.  They were detected in areas 

where populations had previously been determined likely to be the highest and most suited to aerial 

survey, based on anecdotal information, and from the issue of and take returns received from Crop 

Protection Permits.  Highest population densities within the survey area were found south from 

Launceston through the South Esk River corridor, through the Midlands to south of Ross, west onto 

the Central Plateau, and south-west towards Bothwell and Hamilton. 

Results from the aerial survey were found to be highly correlated with the distribution and abundance 

of wild fallow deer observed across the survey area in annual spotlight surveys conducted by the 

Department of Primary Industries, Parks, Water and Environment.  This supports the use of the 

spotlight surveys to monitor annual trends in deer abundance and distribution.  The spotlight surveys 

are not a replacement for survey methodologies, such as aerial survey, that are designed to estimate 

the deer numbers.  Instead they are useful in detecting changes in abundance and distribution over 

time.   

Based on analysis of annual spotlight surveys within the aerial survey area, the wild fallow deer 

population has increased by around 5.4% per year over the period 2006 to 2019, even in the presence 

of takes (removals) of approximately 10,000 to 30,000 der per year.  Higher takes since 2015 appear 
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to be limiting population growth, albeit as a higher level.  Removing the effect of take, the annual 

growth rate of the wild fallow deer population for the period 2006 to 2019 would have been around 

27% per year. 

The survey methods, data analysis and conclusions presented in this report have been reviewed and 

endorsed as appropriate by two internationally recognised professionals in this subject area (Appendix 

1).   

 

1.1 Recommendations  

• The current system of annual spotlight surveys, conducted by the Department of Primary 

Industries, Parks, Water and Environment, should be continued to monitor trends in deer 

population abundance and distribution over time to allow management strategies to be 

assessed.   

• Annual spotlight survey effort should be increased, and ideally doubled, to allow aerial surveys 

to be conducted less frequently at four to five year intervals.   

• Spotlight surveys should employ distance sampling methods, and record covariates such as 

vegetation density so as to provide greater precision.    

• Aerial surveys should be repeated every four to five years to validate and re-calibrate the 

spotlight surveys. 

• Flying an Unmanned Aerial Vehicle, or drone, over a sub-set of the spotlight survey transects 

is recommended to test the effectiveness and cost-benefit of this technology to survey smaller 

areas of under 10 x 10 km, and if proven, may be useful in more remote areas. 

• It is also suggested that trials are undertaken comparing the use of thermal binoculars, 

incorporating rangefinders, against the spotlighting surveys. 

• Use of camera traps should be trialled in low population density areas, where they can be left 

for long periods of time for early-warning detection or for measuring the infrequent use of 

habitats by wild fallow deer.     

• Future manned helicopter surveys should include use of a colour wide-angle video camera to 

determine the extent of wild fallow deer being flushed away from the survey transect and 

allow this effect to be managed in future population estimates. 



 
 

Baseline aerial survey of fallow deer population, central and north-eastern Tasmania 2019 

5 
 

2.  Introduction 

The 2017 report by the Legislative Council Government Administration Committee-A on its Inquiry 

into wild fallow deer (Dama dama) in Tasmania, concluded there was no science based quantitative 

estimate of the wild fallow deer population in Tasmania (Tasmanian Government, 2017).  The then 

Hodgman Government responded to this report by committing to undertake a ‘comprehensive state-

wide census of wild fallow deer in Tasmania’ (Tasmanian Government, 2017).  This was the driver of 

the work reported here and for other components of the ‘census’ which will be reported on at a later 

date. 

The Department of Primary Industries, Parks, Water and Environment (DPIPWE), through Game 

Services Tasmania (GST), developed a plan to estimate the abundance and distribution of wild fallow 

deer in Tasmania that employed three methods being aerial survey, camera trapping and citizen 

science (Appendix 2).  This report deals with the aerial survey component of the state-wide population 

census.   

Since the introduction of wild fallow deer into a limited area of the Northern Midlands in the 1800s, 

deer have become established across much of central and north-eastern Tasmania.  Fallow deer are 

classified partly protected wildlife under the Nature Conservation Act 2002.  Since the early 1970s 

their distribution is thought to have expanded from 430,000 ha Wapstra, (1973) to 2.1 million ha 

estimated in the early 2000s Potts et al., (2015).  Current available information on the distribution of 

deer in Tasmania is largely anecdotal, however Figure 1 shows what is generally accepted as the 

current range of fallow deer in Tasmania.  There have been a number of attempts to estimate the 

population of deer in Tasmania (Bentley, 1967; Department of Primary Industries, Parks, Water and 

Environment, 2016; Locke, 2007; Murphy, 1997; Wapstra, 1973).  Most of these estimates are based 

on limited observations or are modelled based on assumptions.  These estimates range from 7,000 

Wapstra, (1973) in the early 1970s to a predicted 1.4 million by 2029, in the absence of any population 

control Potts et al., (2015).   

After conducting an extensive literature review of wildlife survey methods, including surveys of deer 

nationally and internationally, DPIPWE determined that the most appropriate methods of surveying 

deer in Tasmania was by aerial survey, complemented by other methods of citizen science and camera 

trap surveys.  The proposed survey methodologies were endorsed by the University of Tasmania as 

appropriate, effective and efficient methods of surveying Tasmania’s wild fallow deer population to 
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estimate population abundance and distribution (Appendix 3).   

Aerial surveys are a valuable method of estimating the abundance, density and distribution of medium 

to large mammals over wide geographic areas.  In the context of wildlife management, they can be 

designed to evaluate management performance, identify areas that trigger management actions, and 

provide a planning framework to optimise on-ground management. 

The aim of the 2019 aerial survey was to obtain baseline population information on wild fallow deer 

in Tasmania by estimating their abundance, density and distribution, in the survey area.  The purpose 

of this information is to better inform future monitoring and management decisions for wild fallow 

deer in Tasmania. 

Due to DPIPWE not having the capabilities and resources required to conduct an aerial survey of wild 

fallow deer in Tasmania, a competitive public tender process was used to select a contractor.  The 

contractor had to be able to supply the necessary methodologies, equipment, personnel and expertise 

to undertake a survey within the region of Tasmania considered to support the highest abundance of 

wild fallow deer, in order to estimate their abundance, population density, and to determine their 

distribution.        

Nine tenders were received to conduct the survey.  A selection panel of three DPIPWE staff and an 

independent professional in the field of aerial surveying from the Queensland Government considered 

the tenders, and selected EcoKnowledge to conduct the aerial survey.  EcoKnowledge is an Australian 

owned and operated company based in South Australia. A Tasmanian helicopter operator was 

contracted by EcoKnowledge to fly the survey transects.   DPIPWE and EcoKnowledge worked together 

following the tender process to plan and conduct the aerial survey, and analyse the data, giving a 

DPIPWE Senior Wildlife Management Officer valuable experience and knowledge.      

Counts were conducted by three trained aerial observers per flight, with the DPIPWE trainee in the 

left-rear seat for 30% of the time.  Concurrently a FLIRTM T1K thermal camera captured data on one 

side of the aircraft.  EcoKnowledge used a well-established aerial survey processing method called 

distance sampling (Buckland et al., 1993).  A variant of this approach was adopted for the deer survey: 

Mark Recapture Distance Sampling (MRDS). 

In this report the results of the first aerial survey of wild fallow deer in the 19,905 km2 survey area, 

which encompassed the traditional deer range in eastern Tasmania, are presented.  Population 
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estimates of abundance, density and distribution are provided, along with future monitoring 

recommendations.   

 

Figure 1.  Distribution of wild fallow deer, represented as three categories of distribution, in Tasmania based on 
anecdotal evidence.  The survey area approximately overlaps the traditional range presented in green on this 
map (Wildlife Management Branch, 2011). 

 

3.  Methods  

The term census implies a total count of individuals in a population at one point in time.   It is feasible 

to conduct a census of humans or domestic animals, but it is rarely possible to conduct a census of 
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wild animals, especially large, mobile and cryptic animals such as deer.   In this case a census is prone 

to underestimating numbers due to missing animals, or overestimating by double counting animals.   

It is more efficient (in time and cost) to estimate population size by surveying a sample of an area 

known to support a species, rather than attempting to count every individual at one point in time 

(Bookhout, 1994).   

 

3.1 Species distribution, study area and stratification 

The aerial survey was designed by EcoKnowledge in consultation with DPIPWE utilising methodology 

similar to that used by Moloney et al., (2018).  Aerial surveying is effective in areas with medium- to 

high-density populations, which can be estimated without deploying impractically high levels of 

resources.  Areas of low, medium and high deer density were identified using anecdotal information, 

supplemented by information on the locations of Crop Protection Permits for deer issued in 2017 and 

2018, and associated take return data.  The area surveyed were regions where deer populations were 

determined to be of medium to high density, and included the traditional deer range in eastern 

Tasmania, as well as a surrounding buffer zone. 

The aerial survey was conducted during the period September 23 to October 4 2019.  The timing of 

the survey took into account of the biology of Tasmanian wild fallow deer (including breeding and 

antler growth cycles), game hunting seasons, wedge-tail eagle (Aquila audax fleayi) breeding seasons, 

on-farm activities, and climatic conditions.    

During the survey, minor deviations from transects were necessary to avoid conflicts with 

infrastructure (e.g. power lines and communications towers), dwellings, livestock and known nesting 

locations of wedge-tailed eagles.   

 

3.2 Aerial survey 

An aerial survey, using visual observations, distance sampling and thermal imagery, was undertaken 

to estimate wild fallow deer abundance, density and distribution across the survey area.  Twenty east-

west orientated transects and two small north-south transects (Figure 2) were flown in a Bell 
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LongRanger helicopter.  East-west transects were spaced approximately 10 km apart, allowing for a 

survey width of approximately 2 km, and sufficient space between transects to ensure deer were not 

double counted due to flushing from one transect to the next. 

 

Figure 2.  Transects (grey lines) flown during the 2019 fallow deer aerial survey.  Transects 17–22 were outside 
the deer survey area and were used to survey Forester kangaroos (see Part B: baseline aerial survey of Forester 
kangaroo population, Tasmania). 
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A total of 1 986 km of transects were surveyed for wild fallow deer, with all flights conducted within 

three hours following first light and three hours preceding last light, covering a total survey area of 

approximately 19 905 km2.  This is the optimal time to conduct aerial surveys for crepuscular and/or 

nocturnal species, such as deer, and is the common approach used for aerial surveys elsewhere in 

Australia.  This is the time when these species are generally most active, at least during daylight hours 

when it is safe to fly.  All transects (excepting 8F and 9D) were flown in an east-west, or west-east, 

direction to avoid observers looking into the sun.   

A Bell LongRanger (206L) helicopter was provided by RotorLift a Tasmanian company.  The helicopter 

flew at an average altitude of 200 feet (61 m) Above Ground Level, and held this height using a RADAR 

altimeter.  The average survey speed was 50 knots (93 km h-1). 

Estimating the wild fallow deer abundance required the use of a statistical calculation, known as 

distance sampling that corrects for the fact that animals further from the line of flight of the aircraft 

are less likely to be seen (Buckland et al.  1993).  Because the distance to each animal or group of 

animals cannot be directly measured from the air, the distance sampling method involves dividing 

each observer’s view area into zones (Figure 3).  These zones are defined with graduated sighting poles 

mounted on the aircraft (Figure 4). 

A five-zone distance sampling approach was employed.  Survey poles were mounted to either side of 

the aircraft (Figure 4), allowing deer observations to be recorded in one of the five distance sampling 

zones (0–20 m, 20–40 m, 40–70 m, 70–100 m, 100–150 m), based on the methods of Lethbridge et al.  

(2019).  The five distance sampling zones labelled on the sighting pole in Figure 4 correspond to five 

bands on the ground, which represent distance from the aircraft at the centre of the transect, i.e. the 

line of flight (Figure 3). 

All wild fallow deer observations were recorded using customised electronic keypads linked to a Global 

Navigation Satellite System (Figure 5).  Deer were recorded by observers in the distance sampling zone 

in which they were first observed.  Coordinates and times were automatically recorded with each 

entry.  Habitat containing the observed deer was classified as either open with little to no canopy (e.g. 

wetlands and paddocks) or medium to dense habitats, having either a closed canopy or an open 

canopy with a closed understorey (e.g. temperate rainforests).  Records of deer farms were mapped 

in the navigation system to ensure farmed deer were not recorded.   
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In summary, the following information was recorded on the keypads: 

1. Number of animals sighted, 

2. The distance sampling zone (1, 2, 3, 4, 5) in which the animals were first observed and 

3. The habitat (open, or medium to dense) in which the animals were first observed.   

The doors were removed from the aircraft to provide clear visibility of the ground for each observer.  

Sunglasses or tinted helmet visors were not worn as these are known to reduce visibility, particularly 

in wooded areas.  For most of the flights, three trained observers were used at any one time, two 

positioned in the rear of the aircraft and one in the front-left seat.  The trained observers were rotated 

to different seat positions between flights.  Each trained observer had between 40 hours and 1,200 

hours of experience, with most having more than 200 hours of experience.  All trained observers have 

been previously tested against a more experienced observer.  For approximately 30% of the time, a 

trainee observer from DPIPWE participated in the flights.  The trainee was always seated behind an 

experienced front-left observer for comparison.  The trainee’s counts were separately dealt with in a 

way so as not to bias the final results. 

 

Figure 3.  Delineation of sighting poles.  Zone 1: 0–20 m, 2: 20–40 m, 3: 40–70 m, 4: 70–100 m , 5: 100–150 m 
out from the centre transect, or survey, line.   
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Figure 4.  Sighting poles used to identify the five distance zones of observations made from the helicopter.  The 
yellow tape corresponds to the view of the front seat observer and the green tape corresponds to rear seat 
observer, after being calibrated.  Zone 1: 0–20 m, 2: 20–40 m, 3: 40–70 m, 4: 70–100 m, 5: 100–150 m.  
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Figure 5.  Customised electronic keypads strapped to the observer’s leg.   

 

3.3 Mark-recapture Distance Sampling  

Aerial counts were used to estimate the density of wild fallow deer in the survey area.  Calculations 

used an established mathematical technique that corrects for the fact that animals further from the 

line of flight of the aircraft are less likely to be seen, as well as for differences in how many animals 
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the observers can see from different positions in the aircraft.  All aerial survey estimates are negatively 

biased because observers cannot see all animals, even if all animals close to the aircraft are sighted 

(Pollock and Kendall, 1987; Samuel et al., 1987).  In addition, even if two observers are equally 

experienced, the front observer will at times still see some animals not seen by the rear observer, and 

vice versa.  To correct for this, a technique called Mark Recapture Distance Sampling (MRDS) was used, 

which includes calculations that compare counts from two observers in different positions in the 

aircraft.  In this study, MRDS was used to compare data from the front-left and rear-right observers, 

following the methods of (Buckland et al., 2001).  Differences in results from these two observers were 

modelled mathematically, and from these outputs an overall correction factor was applied to the 

overall population estimate. 

 

3.4 Thermal camera  

Use of thermal imaging for animal surveys such as this is largely untested, with few studies 

demonstrating unequivocal success, however one offer to undertake this work was entirely based on 

using this technology.  Because its use in this survey was experimental only, the thermal camera 

Methods and Results have been provided separately in Appendix 4.  Animal counts using the thermal 

camera data are for research purposes only at this stage, and are therefore not published in this 

report.   

 

3.5 Density distribution  

All sightings of wild fallow deer were logged with geographical coordinates, which allowed the 

calculation of population density estimates using Kernel Density Estimation (KDE) (Silverman, 1986).  

This method describes the density of objects in the landscape.  It is used here to describe the changing 

density of animals across the landscape, and therefore calculate average population density over the 

survey area.  It is not valid to simply divide the wild fallow deer population estimate by the area 

surveyed to determine density because no animals are ever evenly distributed across a landscape. 



 
 

Baseline aerial survey of fallow deer population, central and north-eastern Tasmania 2019 

15 
 

3.6 Comparison with spotlight survey data 

This survey provides the first broad-scale baseline estimation of wild fallow deer abundance, density 

and distribution in Tasmania.  As future monitoring needs to be cost-effective and inform 

management, it is necessary to compare aerial survey data with existing forms of monitoring, to 

ascertain whether it is appropriate to use a combination of methods to monitor populations in coming 

years. 

Vehicle based spotlight survey data of deer from 1975 to 2019 was provided by Game Services 

Tasmania.  This dataset consists of 90 transects in the aerial survey area, each approximately 10 km 

long (Game Services Tasmania and Wildlife Management Branch, 2020).  As the 2019 data was 

collected within two months of the aerial survey, estimates of deer per kilometre length from these 

transects were compared with the aerial survey densities from the same area.   

It is tempting to derive a scale factor between the average deer per kilometre from the spotlight 

transects and deer per km2 from the aerial survey.  However, since the aerial survey was not flown 

prior to 2019, there is no way to determine if the two methods have reliably agreed at varying deer 

densities over time.  As an alternative, the mathematical relationship between varying deer densities 

over geographical space in 2019 were tested.  This was achieved by comparing two population density 

distribution models (Kernel Density Estimation surfaces), one derived from the spotlight survey data 

and the other from the aerial survey data. 

 

3.7 Modelling future monitoring requirements  

Management of wildlife, including deer, is often based on estimated population size and distribution 

derived from population surveys.  Estimates are necessary because it is not possible to count every 

individual animal in the population.  The accuracy of a population estimate depends on how closely 

the survey data represents the true population.  Therefore, it is vital to use accurate survey methods, 

and select the most appropriate mathematical models, to ensure that the estimated population size 

is neither much higher, nor much lower, than the true population size.   

Some degree of uncertainty is inevitable in such estimates, and it is important that managers set 

appropriate boundaries for how much uncertainty is acceptable when making decisions about 

population management.  A statistic known as the Coefficient of Variation (CV) measures the amount 
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of variation present in the data.  A higher CV value means there is more variation in the data and the 

estimate is likely to be less precise, and a lower CV value means that there is less variation and the 

estimate is likely to more closely approximate true population size. In kangaroo management in 

Australia, most jurisdictions regarded a CV of 25% to be satisfactory for management purposes.   

As a general rule, the more animals counted during a survey, the more precise the population estimate 

becomes, which means that the CV will reduce.  However, the distribution of animals in the landscape 

also affects the outcome, and estimates may become less precise (i.e. the CV may increase) when 

animals form in larger herds, which means individuals are harder to count accurately.  Therefore, in 

this study the statistical package called Aerial and ground survey CV simulator Lethbridge, (2015) was 

used to mathematically simulate how much influence various factors, especially herd sizes, may have 

had on the population estimate.   

The spotlight data was also modelled to determine whether spotlight survey effort should be 

increased or decreased.  The average CV was calculated over 2000 simulations.   

 

4.  Results  

4.1 Detections of fallow deer in the survey area 

Based on detections, (Figure 6) within the survey area the distribution of wild fallow deer extends 

from Launceston southward along the South Esk River corridor and through the Midlands to south of 

Ross.  Populations extend up on to the Central Plateau and down towards Bothwell and Hamilton.  No 

deer were sighted in the northwest of the survey area.  The spatial agreement between records 

obtained from the thermal imagery and animals observed by the human observers was high (Appendix 

4). 
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Figure 6.  Wild fallow deer detections in the survey area based on observer counts (green crosses).    

 

4.2 Wild fallow deer population size 

The best-performing model of MRDS was found to be the one that took account of trainee data, herd 

size and distance of deer from the aircraft.  This model was therefore selected to calculate the 

estimated population size of fallow deer in the survey area. 

The outcome of the population estimate for fallow deer in the survey areas are summarised in Table 

1.   

Table 1.  Population estimate of fallow deer within the 2019 aerial survey area 

Survey Area (km2) Estimated Abundance Coefficient of Variation 

19,905 53,660 19% 
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4.3 Population density distribution and overall density of wild fallow deer 

Two outliers were identified in the density data (herds of more than 50 deer), which had the potential 

to artificially inflate the KDE density surfaces for the surrounding geographical area.  Therefore 

distribution data from these two large herds were excluded from the final calculation so as not to bias 

the results. 

The KDE surface for the survey area is shown in Figure 7.  Density of the wild fallow deer population 

is centred in the South Esk River corridor south of Launceston, through the Midlands to south of Ross, 

up onto the Central Plateau, and south towards Bothwell and Hamilton 

 

Figure 7.  Contours of wild fallow deer per km2 based on KDE density surface estimates for the survey area.   

 

With the two largest herds excluded from calculations, the MRDS calculation estimated that the 

average population density over the entire survey area approached 2.7 deer per km2 (Table 2).  The 

coefficient of variation was relatively low (19%). 
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Table 2.  Estimated population density of wild fallow deer within the 2019 aerial survey area. 

Survey Area (km2) Estimated Population Density 

(average no.  deer per km2) 

Coefficient of Variation 

19,905 2.696 19% 

 

4.4 Comparison of wild fallow deer results with spotlight surveys 

Spotlight surveys  

The population density of deer as estimated from the 2019 spotlight survey data were compared 

with the aerial population density results (Game Services Tasmania and Wildlife Management 

Branch, 2020).  The spotlight survey data consists of 90 transects in the aerial survey area, each 

approximately 10 km long (Figure 8). 

 

Figure 8.  Spotlight survey transects, from annual spotlight surveys conducted by the Department of 

Primary Industries, Parks, Water and Environment, in the aerial survey area. 
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The average number of deer per km calculated from the spotlight survey data was 0.629.  Two 

locations had unusually high numbers of deer (7.4 per km at Lake Sorell; 12.4 per km at 

Waddamana).  With these outliers in the data removed from the calculations, the average over the 

rest of the survey area was 0.417 deer per km.   

Population density of deer calculated from the aerial survey was 2.696 deer per km2. 

The spotlight survey and aerial survey population density figures are not directly comparable 

because the spotlight results are calculated over linear distance (per km), while the aerial results are 

calculated over area (km2).  Therefore the spotlight data were converted to a KDE surface and 

compared at 1,000 random geographical locations.  This comparison revealed that there was a high 

degree of correlation between wild fallow deer densities estimated from these two survey methods, 

which were conducted two months apart. 

 

Trends over time in spotlighting data 

The spotlight survey data was used to calculate approximate annual wild fallow deer population size 

from 2006 to 2019, in order to detect population trends over time.   

The deer per km calculations from the spotlight transects were multiplied by the strip width in these 

surveys.  Strip width was estimated to be 151 m (i.e.  75.5 m either side of the vehicle), based on the 

mathematical relationship found between the population density estimates derived from the aerial 

and spotlight surveys (see above) (i.e. regression slope of 0.151, converted to metre units). 

Assuming the 151 m strip width has been consistent over time in the spotlight surveys, these results 

were multiplied by the total aerial survey area (19,905 km2) to estimate overall annual abundances 

of deer.  Estimates are shown in Figure 9.  These estimates are corrected for annual rainfall, because 

droughts upwardly bias deer counts when more animals are sighted foraging in open areas (Driessen 

and Hocking, 1992). 
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Figure 9.  Estimated annual abundance of wild fallow deer 2006–2019, central and north-eastern Tasmania, 

corrected for rainfall effects.  Deer take numbers (pink bars) are added to show proportion of takes compared 

to overall population size each year.   

 

Overall, these calculations show on average, the deer population has increased by around 5.4% per 

year over the period 2006 to 2019, even in the presence of takes (removals).  Recent takes since 

2015 appear to be holding the population steadier than prior to 2015.  When takes are added to the 

estimated population size for 2006 to 2019, to better approximate the natural population growth 

rate (i.e. how fast the population would have grown without any removals), annual growth rate of 

the fallow deer population would have been around 27% per year.  This figure is only approximate, 

because takes alter the demographics of a population, which in turn can alter population growth 

rates. 

4.5 Modelling future monitoring requirements 

The simulation modelling found a geographical relationship between population estimates from the 

aerial and ground surveys, so further modelling was used to determine whether spotlight effort 

should be increased or decreased, as judged by either an increase or a decrease in the Coefficient of 

Variation (CV).  Data used as inputs into the simulation included average group size of deer, density 
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estimates from aerial surveys, and mark-recapture probabilities from the MRDS calculations.  A strip 

width of 151 m was assumed for the spotlight transects (see above).   

Using 2000 simulations, the CV was estimated to be 38.5% at current survey effort.  When survey 

effort was doubled in the simulations, that is all spotlight transects were repeated a second time, 

the CV reduced to 27.3%. 

 

5.  Discussion 

Wild fallow deer population estimate  

The purpose of this survey was to produce a baseline population estimate for wild fallow deer in 

Tasmania within the survey area encompassing the traditional deer range in central and north-

eastern Tasmania.  Using aerial survey data and the best-performing model within the MRDS 

sampling method, it is estimated that 53,660 wild fallow deer inhabit the survey area encompassing 

the traditional deer range in central and north-eastern Tasmania.  This estimate has a Coefficient of 

Variation (CV) of 19% that is within the commonly accepted limit of less than 25% CV, and is 

therefore likely to be a reliable figure for management purposes. 

Fallow deer are the most widely distribution species of deer in Australia, occurring in all states and 

Territories, apart from the Northern Territory (Moriarty, 2004).  Despite their wide presence across 

the country there are very limited published studies on their numbers.  Based on estimates provided 

by government agency land managers in all Australian States and Territories, Moriarty, (2004) 

estimated a total of 55,500 fallow deer in Australia, but does not report on numbers per jurisdiction.  

Until now population estimates of wild fallow deer in Tasmania have largely been based on limited 

observations, anecdotal information or are modelled based on assumptions (Bentley, 1967; 

Department of Primary Industries, Parks, Water and Environment, 2016; Locke, 2007; Murphy, 1997; 

Wapstra, 1973).  These have ranged from 7,000 in 1973, 16 to 20,000 in 1990 and 30,000 by the mid-

2000s, declining to 20,000 in the late-2000s (Department of Primary Industries, Parks, Water and 

Environment, 2016, n.d.; Potts et al., 2015; Wapstra, 1973).  It is recognised that deer populations 

are expanding in abundance and distribution in Tasmania, and Australia (Moriarty, 2004; Potts et al., 

2015).  Determining a baseline population estimate of wild fallow deer in Tasmania is important for 

long-term monitoring and management of this species.   
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The Coefficient of Variation (CV), i.e. the estimated percentage error, was 19%.  This compares 

favourably with the commonly accepted 25% CV in aerial surveys of mammals in other Australian 

states, and indicates that the population estimate is sufficiently robust to be relied upon for 

management decisions. 

 

Wild fallow deer detections and distribution estimate 

Wild fallow deer were found throughout their expected core range, where populations had 

previously been determined likely to be the highest and most suited to aerial survey, based on 

anecdotal information, and from the issue of and take returns from Crop Protection Permits.  Very 

few deer were detected in the aerial survey buffer zone, and no deer were observed in the north-

west section of the survey area.  Other isolated deer populations, e.g. in far north-western and 

southern Tasmania (Figure 1), were not surveyed in this study.  It cannot be concluded that deer are 

necessarily absent from areas where they were not detected.  To ensure efficiency (in time and cost) 

this survey sampled an area known to support deer populations, rather that attempting to count 

every individual at one point in time.  Aerial surveys are a valuable method of estimating abundance 

at high to medium population densities, but this method is not suited to surveying low density deer 

populations without deploying impractically high levels of resources.  Complementary surveys 

encompassing camera traps and citizen science will survey deer in areas not covered by this aerial 

survey.   

Greatest population densities within the survey area were found southward from Launceston 

through the South Esk River corridor, through the Midlands to south of Ross, up onto the Central 

Plateau, and south towards Bothwell and Hamilton.   

Population density calculated using the MRDS method, with large herds removed as outliers and 

averaged over the whole survey area, was nearly 2.7 deer per km2.   

Despite their widespread occurrence in Australia little is known about the abundance of fallow deer 

in any jurisdiction.  Based on fallow deer population density estimates from Eurpoe and Northern 

America Potts et al., (2015) used 50 deer per km2 in their modelling of the potential range and 

abundance of wild fallow deer in Tasmania.  Elsewhere population densities of fallow deer in high 

quality habitats have been estimated from as low as 26 to 50 deer per km2 in Sweden Walander, 

(2012), 49 to 111.6 deer per km2 in California Gogan et al., (2012) and 100 to 150 deer per km2 in 
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Canada Moody et al., (1994).  The density of wild fallow deer in Tasmania is therefore very low when 

compared to those of elsewhere.   

 

Comparison with spotlight survey data 

This study showed close agreement between wild fallow deer population density estimates obtained 

from the aerial survey data and spotlight survey data collected at a similar time of year in 2019.  

Annual spotlight surveys have been conducted by DPIPWE across Tasmanian since 1975 along 90 

transects, each approximately 10 km in length, across the aerial survey area.  Close agreement 

between density estimates derived from the aerial and spotlight surveys in 2019 increases 

confidence in the continued use of spotlight t surveys to monitor trends in the Tasmanian wild fallow 

deer population.   

However, agreement between these two methods has only been demonstrated at one point in time.  

The degree of agreement over time is yet to be established because no long-term aerial survey data 

exist to date.   

Future comparisons will be necessary to test whether aerial and spotlight methods compare 

favourably if deer numbers, population density, geographical range, or herd demographics change 

markedly over time.  Factors that might influence results, for example, could be if overall numbers of 

deer changed upwards or downwards, if herd sizes changed, or if takes favoured animals in different 

size, sex or age classes that might bias detectability of animals in a survey. 

 

Population growth rate and harvest rates  

The maximum population growth rate of fallow deer (i.e. the rate of growth when resources are not 

limiting, and there is no hunting, predation, etc.) has previously been estimated at around 57% per 

year (Hone et al., 2010).  However, observations in the south-east of South Australia indicate that 

this figure is high and a 30% natural population growth rate is more realistic for fallow deer 

(MacKenzie personal communication, 2014).  Using 2006 to 2019 spotlighting survey data, and 

discounting game licence and Crop Protection Permit takes of up to 30,000 deer per year, a similar 

natural population growth rate of 27% per year in Tasmania is estimated.  Because removals alter 

the demographic structure of the population, this estimate is only approximate.   
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Using spotlight survey data from between 2006 to 2019, and correcting for the effects of droughts, 

the estimated net population growth rate is 5.4% per year, higher than an earlier estimate of 4.6% 

(Game Services Tasmania and Wildlife Management Branch, 2020).  This suggests that the 

population may be continuing to increase at current take rates. 

 

Future monitoring requirements  

In the absence of other supporting information, the current wild fallow deer population estimate of 

53,660 from the aerial survey provides the most reliable baseline estimate of the wild fallow deer 

population within the survey area, encompassing the traditional deer range in central and north-

eastern Tasmania. 

If the current 19% CV for this estimate is acceptable, this suggests that the aerial survey effort as 

currently designed (i.e.  10 km transects, and data modelled using MRDS) is sufficient to provide a 

reliable deer population estimate at current population size and geographical distribution of this 

species. 

Simulation modelling found relatively tight agreement between the spotlight survey and aerial 

survey, but the spotlight data had a much larger CV (38.5% v. 19%) and was therefore less reliable.  

When the spotlight survey effort was doubled in the simulation, the CV reduced to 27.3%.  This 

result suggests that to reduce the CV below the commonly accepted figure of 25%, annual survey 

effort would need to increase by more than double the current rate.   

Results from the aerial survey were found to be highly correlated with the distribution and abundance 

of deer observed in annual spotlight surveys conducted across the survey area.  This supports the use 

of the spotlight surveys to monitor annual trends in deer abundance and distribution.   

The spotlight surveys are not a replacement for survey methodologies, such as aerial survey, designed 

to estimate deer numbers.  Instead the spotlight surveys are considered valuable in detecting changes 

in deer abundance and distribution over time.   

6.  Recommendations and future work 

It is recommended that spotlight surveys continue as the main technique for monitoring wild fallow 

deer populations.   
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It is suggested that to reduce the CV of spotlight surveys below 25%, current spotlight survey effort 

should be more than doubled.  For example, transects could be surveyed twice per year rather than 

once as currently, together with a small increase in the number of spotlight transect lines.  Ideally 

spotlight surveys should also use a form of distance sampling, and record data such as vegetation 

density that may influence the accuracy of counts. 

The use of quality thermal binoculars with rangefinders for distance sampling has potential and 

requires further study.  Their use could be trialled alongside the current or improved spotlight survey 

effort, given promising results interstate.  This would allow direct comparison of results. 

It is also suggested that flying a Unmanned Aerial Vehicle (UAV), drone, over a sub-set of spotlight 

transects as an experiment in testing the cost-benefit of this technology.  We suggest that UAVs may 

be better placed in smaller areas of under 10 x 10 km, and if proven, may be useful in more remote 

areas.  To be able to employ MCDS, Lethbridge (2019) stress the need to also face the two thermal 

cameras in the UAV perpendicular to the flight direction. 

We recommend that periodic aerial surveys of wild fallow deer be conducted at four- to five-year 

intervals.  This will provide a basis for validating and calibrating whether the ground surveys remain 

accurate if deer numbers, herd demographics and geographical distribution change over time. 

In future manned helicopter surveys, a coloured wide-angle video camera should be employed to 

test the nature of flushing of the animals, thus determining the correct way to manage this. 
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Tasmanian Fallow Deer Census Project –  

General Survey Methodologies 

 

 

Recommendations 

In recognition of the commitment by the Tasmanian Government to undertake a census of the wild 
fallow deer population in Tasmania it is recommended that: 

1. Due to the lack of feasibility of conducing a ‘census’ of deer in Tasmania, surveys are 
undertaken that provide an estimate of the abundance and distribution of the Tasmanian 
fallow deer population. 

 

2. Population survey methodologies need to take account of the three areas of differing relative 
deer abundance in Tasmania. 

 

3. Aerial survey methodology is used to estimate wild fallow deer abundance and distribution 
within the area of the Tasmanian landscape considered to support the highest abundance of 
this species. 

 

4. Camera trap methodology is used to estimate wild fallow deer abundance and geographic 
distribution in areas supporting low to medium abundance of this species. 

 

5. Citizen science is used to generate data on deer presence throughout the state with particular 
emphasis on areas where their abundance is currently likely to be zero or very low. 

 

6. The existing spotlight survey methodology is investigated for the on-going monitoring of the 
abundance and distribution of the Tasmanian wild deer population. 

 

Background 

The 2017 report by the Legislative Council Government Administration Committee-A on its Inquiry 
into wild Fallow deer in Tasmania, concluded that there is very limited information on current deer 
numbers and that this lack of information severely restricted the ability to manage the population.    

In its response, the Tasmanian Government committed to undertaking a ‘comprehensive state-wide 
census of wild Fallow deer in Tasmania’.   In delivering this output the Government committed DPIPWE 
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to work with the University of Tasmania (UTas) and other key stakeholders to develop appropriate 
methods with which to undertake this census.    

As the first contribution to delivering on this Government commitment this paper aims to: 

1. Define the term ‘census’ in the context of wildlife biology and thus what can be delivered by a 
project with the broad aim of understanding the number of a wildlife species (fallow deer) 
present in the Tasmanian environment. 

2. Provide recommendations regarding the broad methodologies for delivering a “census” of wild 
fallow deer in Tasmania which will inform development of tender specifications and 
assessment of tender offers for delivering this outcome. 

 

1.  Defining Census 

The term ‘census’ implies a total count of individuals in a population at a particular time.   However, 
while it is feasible to conduct a census of humans, domestic animals or stock that are enclosed, it is 
rarely possible or affordable to conduct a population census of wild animals especially for species that 
are cryptic, have large populations and/or occur over a large area such as is the case for wild fallow 
deer in Tasmania. 

In this situation, a census is prone to either underestimating numbers, where cryptic animals are 
missed, or overestimating numbers where double counting occurs as a result of animals moving.   
Ultimately it is far more efficient (both in time and cost) to estimate population size by sampling rather 
than attempt a complete count.   

A population estimate is an approximation of the actual population size, achieved by surveying a 
population and sampling the landscape in which they exist (or do not exist) (Bookhout, 1994).  For this 
reason statistically-based sampling methods must be employed to estimate the number of individuals 
in a population.   Accuracy and precision of a population estimate is determined by sampling effort 
(Scroggie et al., 2017).  The level of survey intensity required can be determined through conducting 
a Pilot Study or statistical based simulations (Scroggie et al., 2017). 

Recommendation 

Due to the lack of feasibility of conducing a ‘census’ of deer in Tasmania, a survey is undertaken that 
provides an estimate of the  abundance and distribution of the Tasmanian fallow deer population. 

 

2.  Methodologies for Estimating Wildlife Abundance and Distribution 

2.1 Occurrence of Deer in Tasmania 

In order to plan a survey of deer abundance and distribution it is important to have information on 
where the population is found and the relative abundance of deer within that area.   There are a 
number of sources including the Natural Values Atlas 2019, Feral Scan 2019 records, Davies et.al 2016 
and Pepperberry records that provide information on where wild fallow deer occur in the Tasmanian 
landscape.   Although such sources have used different methodologies they all agree that the state 
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could be divided into three distinct strata or areas based on differences in the relative abundance of 
deer in those areas.    

Figure 1 depicts these three areas as; 1) the traditional range where deer were originally established 
and thus are now present at the highest abundance; 2) the margins of this traditional range to where 
deer have moved but present at a lower relative abundance than in the traditional area and; 3) the 
remainder of the state where deer are absent or present in very low abundance. 

 

Figure 1.  The distribution of wild fallow deer in Tasmania showing the three areas of differing relative 
deer abundance (Green- High abundance traditional range; Orange and purple- Low abundance range; 
The remainder- Deer absent or present in very low abundance) 
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Recommendation 

Population survey methodologies need to take account of the three areas of differing relative deer 
abundance, in Tasmania. 

2.2 Methodologies for measuring deer abundance and distribution on a landscape scale 

Since the 1930’s a range of methods have been used to estimate wildlife populations in Australia, 
including deer.   These methods include, but are not limited to drive and walk transect counts, faecal 
pellet group counts, track counts, aerial surveys, spotlight surveys and thermal imagery surveys.    

Spotlight surveys have been conducted in Tasmania along permanent transects noting the presence 
of a range of wildlife species for over forty years.   The strength of this time series methodology is in 
detailing population trends and the surveys have been used since the 1980’s to monitor trends in deer 
numbers and distribution across Tasmania.   Spotlight surveys have not been used to estimate deer 
abundance in Tasmania.    

Amos et al.  (2014) compared four methods of surveying a Red deer population in southeast 
Queensland.   The four methods were walked ground surveys, aerial surveys, vehicle-based spotlight 
surveys and faecal pellet counts.   Amos et al., (2014) found that walked ground surveys and aerial 
surveys provided comparable, and potentially the most accurate estimates of abundance.   Vehicle-
based spotlight surveys performed best when comparing cost, labour requirements and precision, 
however they were less accurate.   

The study concluded that the choice of the most precise, cost effective method is site specific, and 
depends upon the nature of the area and distribution of the deer in which the population occurs.   
They recommended a pilot study be undertaken to determine the most appropriate method (Amos et 
al., 2014).    

When populations are in low abundance there is a reduced chance of detecting them therefore more 
survey effort is required, leading to higher financial and resource costs.   Camera trap surveys have 
previously been used to provide reliable population estimates in these situations, with fewer 
limitations of other methods such as aerial or road surveys (Curtis et al., 2009; Roberts et al., 2006). 

Citizen science is widely used in various facets of research.  Data collation from the public can be a 
relatively simple, easy and inexpensive means of obtaining information.   The method can result in 
multiple counting so its value is possibly greatest for recording geographic distribution of wildlife 
rather than abundance. 

 

2.2.1 Aerial surveys 

State-wide aerial surveys are utilised in every Australian State and Territory to monitor populations of 
native and introduced wildlife species over large tracts of land to which ground accessibility is often 
limited.   In Tasmania this methodology has been used to monitor populations of albatross and eagles.   
Deer population surveys are conducted in Victoria, New South Wales, Queensland and South Australia.  
No Australian State has a regular routine survey program for deer.  Surveys of deer are conducted in 
conjunction with population control activities and as a part of research projects.  Annual aerial surveys 
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of kangaroo populations are conducted in Western Australia, Queensland and New South Wales.  
Victoria has recently initiated a three-yearly kangaroo aerial survey monitoring program.   

Government agencies in Victoria and New South Wales have been conducting aerial surveys on deer 
and kangaroo populations for many years and have extensive experience in this field.  NSW DPI follow 
an established protocol for conducting aerial surveys of deer using helicopters.   In-flight survey data 
is recorded using an x-box controller linked to a tablet.  Each entry is time and GPS stamped, allowing 
spatial analysis of deer abundance, herds, and distribution to be analysed.  Distribution and 
abundance of deer can then be mapped using the data (Forsyth 2018 pers.  comm.).   D.  Forsyth from 
NSW DPI has recommended this method for a Tasmanian survey (2018, pers.  comm.).   

In 2017 The Victorian Department of Environment, Land, Water and Planning (DELWP) conducted its 
first state-wide aerial (helicopter) survey of kangaroos (Moloney et al., 2017).   This survey program 
addressed aspects of designing a large-scale population survey.  The state was divided into seven 
strata by combining ecologically similar Local Government Areas (LGAs).  Highly urbanized and 
metropolitan areas, and dense forest areas were excluded from the survey (Scroggie et al., 2017).  
Before the survey was undertaken a simulation study was conducted using population data from the 
Atlas of Living Australia and anecdotal records from the public to evaluate the survey effort required 
to estimate acceptable levels of precision (Scroggie et al., 2017).  After the initial survey in 2017 the 
density and placement of transects was assessed determining that additional survey effort was 
required (Scroggie et al., 2017).  Findings and recommendations were adopted in 2018 resulting in 
improved estimates of population abundance and distribution.  The method used to survey kangaroos 
in Victoria is applicable to deer in Tasmania. 

Aerial surveys of deer in New South Wales are conducted as part of annual research projects (Forsyth 
pers.  comm.  2019).  An aerial survey of deer in the Liverpool Plains Local Government Area was 
conducted to determine deer abundance and distribution to evaluate the effects of game licensing 
regulations (Forsyth, 2018).  Results from the initial survey were used to design a more targeted 
survey, concentrating efforts on areas of known deer presence.  The targeted method will provide 
data sufficient in estimating deer density within these areas (Forsyth, 2018). 

Traditionally fixed-wing aircraft have been used to conduct strip transect aerial surveys (Caughley et 
al., 1976).  More recently the use of helicopters to conduct line-transect aerial surveys has emerged 
among Government Departments and research bodies (Fewster and Pople, 2008; Scroggie et al., 
2017).  Fixed-wing aircraft are quieter than helicopters reducing the chance of responsive movement 
by the survey species, and are cheaper than helicopter surveys.  However they are only suitable for 
surveying of open, flat areas (Moloney et al., 2017).  Helicopter surveys allow a higher level of 
versatility in variable terrains and provide increased visibility (Fewster and Pople, 2008; Pople et al., 
1998).   It is important to consider the topography of the landscape being surveyed when determining 
the most suitable aircraft.  The use of a helicopter is more appropriate to suit the varying topography 
of hills and mountainous terrain of Tasmania, varying landscape of open grassland pasture, semi-open 
forested areas, and closed forested areas and the scattering of regional townships. 

Aerial helicopter surveys can be conducted visually during periods of dawn and dusk or at night with 
the aid of thermal imagery.  Visual surveys have traditionally been used by other State government 
departments and research bodies in Australia for populations of kangaroo and deer.  This method is 
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tried and tested in Australian landscapes and there are well established protocols for conducting visual 
aerial surveys from helicopters.    

Thermal imagery is a relatively new technology requiring additional and expensive equipment.  In 
establishing a method for aerial kangaroo surveys the Victorian Government conducted a thermal 
imagery survey but did not use this data, instead using visual survey data.  Thermal imagery is widely 
used in wildlife population estimates, and has been successfully applied to larger-scale deer surveys 
internationally in published studies, and smaller-scale surveys in Australia in non-published studies 
(Cilulko et al., 2013; Haroldson et al., 2003). 

Recommendation 

Aerial survey methodology is used to estimate wild fallow deer abundance and distribution within the 
Tasmanian landscape considered to support the highest abundance of this species. 

 

2.2.2 Camera trapping 

Camera trap surveys can be used to provide reliable population estimates, with fewer limitations of 
other methods such as road surveys (Curtis et al., 2009; Roberts et al., 2006).  To achieve more 
accurate estimates of populations it is recommended higher densities of cameras are used (Curtis et 
al., 2009; Larrucea et al., 2007).  Curtis et al., (2009) conducted surveys with varying camera densities 
of 1 per 33 ha and 1 per 38 ha.  They found that the highest camera density gave the most accurate 
population estimate (Curtis et al., 2009).   

The camera density of 1 per 33 ha in a 263 ha area is based on various research projects conducted 
on whitetail deer in America (Koerth et al., 1997; Koerth and Kroll, 2000).   Further consultation with 
researchers (i.e.  Dave Forsyth, NSW DPI) and determination of landscapes is required before 
determining an appropriate density for cameras in Tasmania.  Data from this survey method can also 
be used to determine sex ratios of deer populations, which would be useful in future management 
strategies (Curtis et al., 2009).  A disadvantage of this method is the financial expense of cameras, and 
labour to deploy and retrieve cameras, and to analyse photos (Curtis et al., 2009).  Curtis et al., (2009) 
explain that camera survey methods may be more expensive than aerial helicopter surveys, however 
the expense can be justified as they yield more accurate and reliable information.  This method can 
be implemented in various habitats and terrain, and all weather conditions, and is useful in detecting 
deer (Ikeda et al., 2013, 2013).  Another benefit is additional information will be obtained on a range 
of other species.   

Forsyth (2018, pers.  comm., 7 August) has been using this method in Victoria to estimate the 
population of Sambar deer inhabiting Melbourne Water Catchment land.  A protocol is currently in 
use encompassing a camera grid network, and will soon be implemented in New South Wales, and for 
another Tasmanian deer population study in partnership with the TLC (Forsyth 2018, pers.  comms., 7 
August).  Detection cameras are deployed for 90 days at 800m intervals within the sampling area, after 
which images are analysed.  The data analysis is labour intensive as all images are manually analysed 
(Forsyth 2018, pers.  comms., 7 August).  The equipment required for this method are expensive, and 
multiple cameras are required.  Further, the deployment of cameras is labour and time intensive 
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The use of the same method across multiple studies of deer populations (DPIPWE and the TLC) will 
create a highly valuable and useful data set.  This method can be extrapolated to encompass larger 
land areas, and is particularly useful in heavily forested areas, where detection of animals (deer) is low 
due to visibility restrictions, or where population densities are low (Forsyth 2018, pers.  comms., 7 
August).   

The Tasmanian Land Conservatory (TLC) has been conducting triennial, and in some cases annual, 
camera trap surveys on 19 parcels of land for six years.  The TLC survey for all species of native and 
non-native wildlife.  Vegetation communities are grouped and sites within each of these communities 
are selected for camera placement.  Initially cameras are placed randomly in the landscape, focused 
on roads, tracks or wildlife corridors according to vegetation communities.  Cameras are deployed in 
January in the same location each year for one month.  The camera trap method sub-samples the 
landscape based on vegetation types.  After trialing various software programs TLC use EXIF Pro image 
viewer to analyse images.  The program allows pre-entered species to be ‘tagged’ in each image.  The 
tag information is converted by the software program into downloadable data.  This method of 
analysis is recommended for consideration as it is already tried and tested on Tasmanian data.  Using 
the camera trap method will also ensure data in consistent and comparable with TLC data broadening 
the scope of deer monitoring in the state, as well as being an effective monitoring method for low 
density and low visibility areas.   

Recommendation 

Camera trap methodology is used to estimate wild fallow deer abundance and geographic distribution 
in areas supporting low to medium abundance of this species. 

 

2.2.3 Citizen science 

Observational data of deer sightings and signs of deer can be obtained through hunters recording deer 
sightings (and harvests) while undertaking hunting activities (Ericsson and Wallin, 1999).  This method 
is used, for example by many North American wildlife agencies (along with other information), to 
monitor populations of large mammal species (Ericsson and Wallin, 1999).  Ericsson and Wallin, (1999) 
reported in Sweden 250 000 hunters hunt an average of 6.8 hours a day, 6 days a year, spending 1 500 
000 days (10 200 000 hours) looking for deer.  Given 5 067 Fallow deer licences were sold in Tasmania 
in 2018 Assuming Tasmanian hunters spend an average of 6.8 hours a day, 6 days a year hunting, a 
total of 30 402 days and 206 734 hours a year is available to obtain observational data.   Månsson et 
al., (2011) found hunters’ observation to be the least expensive monitoring technique (compared to 
aerial survey and pellet-group counts), but came with a lower confidence in the estimated population.   
The method can result in multiple counting so its value is possibly greatest for recording geographic 
distribution of wildlife rather than abundance.   This method is suited to long-term monitoring 
program (Ericsson and Wallin, 1999).  Data from recreational hunters could be of value to monitoring 
deer herds.   

With the implementation of property-based game management through Quality Deer Management 
(QDM) which began in Tasmania in 1993 participating properties recorded the number of deer seen 
and harvested (Wildlife Management Branch, 2011).  Observation and harvest data were (and in some 
cases still are) recorded in logbooks by landholders and hunters.  This data collection encompassed 
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164 properties and approximately 372 000 ha (Wildlife Management Branch, 2011).  At this time a 
data system, GAMEBASE, was developed to record biological data of deer harvested in Tasmania 
(Wildlife Management Branch, 2011).  Contribution from properties provided information on 
breeding, distribution, density and deer herd quality, and allowed for herd biology and dynamics to 
be assessed at property and regional scales (Wildlife Management Branch, 2011).  This method can 
be useful for monitoring populations over large areas, such as a Tasmanian state-wide survey (Ericsson 
and Wallin, 1999).  Re-initiating a long-term monitoring approach engaging landholders and hunters 
(hunting groups) may provide a useful tool to readily and easily collect data with low associated 
financial input.   Such data may not be considered as independently collected as it may be provided to 
reinforce the specific interests of stakeholder groups.   Labour hours (and wages) would be required 
to engage with observers, and to enter data into databases and perform analyses.   

Recently the Tasmanian Land Conservancy (TLC) in partnership with Natural Resources Management 
North (NRMN) implemented a program ‘WildTracker’ using citizen science to identify wildlife 
hotspots.  TLC and NRMN run workshop on educating landholders on surveying wildlife and animal 
management.  The program specifically uses camera trap surveys to monitor wildlife.   The WildTracker 
program is an example of citizen science engaging the broader community to assist in data collection 
as part of a larger project.   

The Centre for Invasive Species Solutions (CISS) and Pest Smart recently released a ‘DeerScan’ 
component to their Feral Scan application.  The Feral Scan application is free to download to Apple 
and Android devices, and is accessible by their website making it easy to record sightings in the field 
or online.  Since the release of DeerScan in 2018 Australia-wide 250 deer sighting records and 44 
damage records have been submitted (Feral Scan 2019).  Of this two records have been submitted for 
three deer on mainland Tasmania and four records of five deer on King Island, noting not all deer entry 
data is made public (Feral Scan 2019).  Within Feral Scan closed groups can be created to deal with 
sensitivities around locations of deer being made public.  Groups can be created inviting individuals to 
record deer signings and notify authorities and members of the group on deer presence (Feral Scan 
2019).  Properties or a collection of properties that did not want to disclose information of deer 
presence could create closed groups that allow members to record data without the information being 
made publically available.  The data logged with Deer Scan is recognised as sensitive and details on 
location are not made publicly available.  Members of the general public can report deer sightings 
across the State.  Data logged by closed groups and general users can be assessed and used by Game 
Services Tasmania. 

A new component of DeerScan is being established where data from specific monitoring sites can be 
entered and collated.  Currently only presence data is recorded when deer or signs of deer are 
observed.  The additional new feature will allow for target monitoring at survey specific sites (i.e.  
camera trap, visual, etc.) and therefore presence and absence data will be collected.  This will broaden 
the scope and use of the data obtained and allow for specific data collection at chosen monitoring 
sites.  This new addition to the application can be integrated into the census.  Users can be educated 
on targeted and consistent monitoring at specified sites.  This has the potential to work in unison with 
the WildTracker program.   
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Recommendation 

Citizen science is used to generate data on deer presence throughout the state with particular 
emphasis on areas where their abundance is currently likely to be zero or very low. 

2.2.4 Spotlight surveys 

Spotlight surveys have been conducted in Tasmania along permanent transects noting the presence 
of a range of wildlife species for over forty years.   The strength of this time series methodology is in 
detailing population trends rather than estimating abundance.    

Spotlight surveys have been used since the 1980’s to monitor trends in deer populations across 
Tasmania. 

Other survey methods designed to estimate abundance could be conducted under conditions similar 
to spotlight surveys and serve to potentially calibrate spotlight data as a more reliable estimate of 
abundance. 

Recommendation 

The existing spotlight survey methodology is investigated for the on-going monitoring of the 
abundance and distribution of the Tasmanian wild deer population. 

References 

Amos, M., Baxter, G., Finch, N., Lisle, A., Murray, P., 2014.  “I just want to count them! Considerations 
when choosing a deer population monitoring method.” Wildlife Biology 20, 362–370.   

Bookhout, T.A., 1994.  Research and management techniques for wildlife and habitats, Fifth.  ed.  The 
Wildlife Society, Bethesda. 

Caughley, G., Sinclair, R., Scott-Kemmis, D., 1976.  Experiments in aerial survey.  The Journal of Wildlife 
Management 40, 290–300.   

Cilulko, J., Janiszewski, P., Bogdaszewski, M., Szczygielska, E., 2013.  Infrared thermal imaging in 
studies of wild animals.  European Journal of Wildlife Research 59, 17–23. 

Curtis, P.D., Boldgiv, B., Mattison, P.M., Boulanger, J.R., 2009.  Estimating deer abundance in suburban 
areas with infrared-triggered cameras.  Human-wildlife conflicts 31(1), 116-128. 

Davis, N.E., Bennett, A., Forsyth, D.M., Bowman, D.M.J.S., Lefroy, E.C., Wood, S.W., Woolnough, A.P., 
West, P., Hampton, J.O., Johnson, C.N., 2016.  A systematic review of the impacts and management of 
introduced deer (family Cervidae) in Australia.  Wildlife Research 43, 515–532.   

Ericsson, G., Wallin, K., 1999.  Hunter observations as an index of moose Alces alces population 
parameters.  Wildlife Biology 5, 177–185.   

Feral Scan 2019, Deer Scan, viewed 20 February 2019, 
https://www.feralscan.org.au/deerscan/map.aspx?species=&zoom=4&lat=-
29&long=135&tabIndex=&filterGroup=&filterYear=-2&filterMonth=-1&filterSpecies=-
1&kmlEnabled=0&kml2Enabled=0&kml3Enabled=0&region=-1&mapMode=-1  

https://www.feralscan.org.au/deerscan/map.aspx?species=&zoom=4&lat=-29&long=135&tabIndex=&filterGroup=&filterYear=-2&filterMonth=-1&filterSpecies=-1&kmlEnabled=0&kml2Enabled=0&kml3Enabled=0&region=-1&mapMode=-1
https://www.feralscan.org.au/deerscan/map.aspx?species=&zoom=4&lat=-29&long=135&tabIndex=&filterGroup=&filterYear=-2&filterMonth=-1&filterSpecies=-1&kmlEnabled=0&kml2Enabled=0&kml3Enabled=0&region=-1&mapMode=-1
https://www.feralscan.org.au/deerscan/map.aspx?species=&zoom=4&lat=-29&long=135&tabIndex=&filterGroup=&filterYear=-2&filterMonth=-1&filterSpecies=-1&kmlEnabled=0&kml2Enabled=0&kml3Enabled=0&region=-1&mapMode=-1


 
 

Baseline aerial survey of fallow deer population, central and north-eastern Tasmania 2019 

40 
 

Fewster, R.M., Pople, A.R., 2008.  A comparison of mark–recapture distance-sampling methods 
applied to aerial surveys of eastern grey kangaroos.  Wildlife Research 35, 320–330.   

Forsyth, D.M., 2018.  Liverpool Plains deer survey.  Department of Primary Industries, New South 
Wales. 

Haroldson, B.S., Wiggers, E.P., Beringer, J., Hansen, L.P., McAninch, J.B., 2003.  Evaluation of aerial 
thermal imaging for detecting white-tailed deer in a deciduous forest environment.  Wildlife Society 
Bulletin 31, 1188–1197. 

Ikeda, T., Takahashi, H., Yoshida, T., Igota, H., Kaji, K., 2013.  Evaluation of camera trap surveys for 
estimation of sika deer herd composition.  Mammal Study 38, 29–33.   

Koerth, B.H., Kroll, J.C., 2000.  Bait Type and Timing for Deer Counts Using Cameras Triggered by 
Infrared Monitors.  Wildlife Society Bulletin 28, 630–635. 

Larrucea, E.S., Serra, G., Jaeger, M.M., Barrett, R.H., 2007.  Censusing bobcats using remote cameras.  
Western North American Naturalist 67, 538–548.   

Månsson, J., Hauser, C.E., Andrén, H., Possingham, H.P., 2011.  Survey method choice for wildlife 
management: the case of moose Alces alces in Sweden.  Wildlife Biology 17, 176–190.   

Moloney, P.D., Ramsey, D.S.L., Scroggie, M.P., 2017.  A state-wide aerial survey of kangaroos in 
Victoria (No.  286).  Arthur Rylah Institute for Environmental Research, Victoria. 

Natural Values Atlas 2019, Species observation analysis, viewed 20 February 2019, 
https://www.naturalvaluesatlas.tas.gov.au/#SpeciesSearchPage  

Scroggie, M.P., Moloney, P.D., Ramsey, D.S.L., 2017.  Design of an aerial survey to estimate the 
abundance of kangaroo in Victoria (No.  280).  Arthur Rylah Institute for Environmental Research, 
Victoria. 

Wildlife Management Branch, 2011.  Statement of current management practices for Tasmanian wild 
fallow deer.  Department of Primary Industries, Parks, Water and Environment. 

Appendix 3.  University of Tasmania endorsement of Tasmanian 
fallow deer census project –general survey methodologies 
Hello Chris 

Please see the attached report on proposed survey methodologies aimed at providing an estimate of 
the abundance and geographic distribution of wild fallow deer in Tasmania.   

As previously discussed, we are asking you to undertake an evaluation of this report with the aim of 
providing your endorsement of the methodology to be employed in the project.   

In undertaking an evaluation of this document I ask you to consider the following matters: 

• Does the paper adequately summarise the range of appropriate methodologies for surveying 
the abundance and distribution of deer in Tasmania? 

https://www.naturalvaluesatlas.tas.gov.au/#SpeciesSearchPage


 
 

Baseline aerial survey of fallow deer population, central and north-eastern Tasmania 2019 

41 
 

• Is the stratification of the State into regions appropriate? 

• Are the recommended methods appropriate to provide sufficiently accurate and precise 
estimates of deer density within each region? 

Please note that it is it is the role of the tenderer to supply the necessary detailed methodology, 
equipment, personnel and expertise, to undertake surveys to estimate the population of wild fallow 
deer and their geographic distribution within the defined area. 

Please let me know if you have any concerns. 

Regards  

Greg Hocking 

Principal Wildlife Management Officer 

Game Services Tasmania 

 

Hello Greg  

Thank you for providing the document reviewing survey methodologies for the Tasmanian Fallow Deer 
Census Project. 

I think this is a very useful review, and in my view its recommendations are justified and sensible. 

In particular, I think the paper provides a thorough and adequate review of available methodologies, 
and is especially valuable in identifying approaches that are currently being developed and trialled for 
analysis of deer populations elsewhere in Australia. 

In my view the stratification of the State into regions in which different survey methodologies are 
appropriate, is reasonable and practical. 

I agree that the recommended methods are suitable, and are the best available for estimating 
population densities of deer in the regions identified 

I look forward to seeing the results off this project. 

With best wishes 

Professor Christopher Johnson 

Professor of Wildlife Conservation 

School of Biological Sciences 

University of Tasmania 
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Appendix 4.  Thermal imagery survey  
Methods 

A thermal camera was used in this survey as an experiment to allow a direct comparison between 

fallow deer counts obtained by aerial observers and counts obtained by thermal technology. 

Following the methodology published by Lethbridge et al., (2019), a FLIRTM T1K thermal camera 

(Figure 1) was mounted to the aircraft’s track adjacent to the rear-right side observer.  The thermal 

camera recorded survey transects for later comparison and analysis with visual observation data.  The 

camera recorded a 38.5 m strip-width on the ground when flying at 61 m (200 feet) above ground 

level.   

Thermal images were logged with geographical coordinates and were processed after the survey using 

the program Thermal (Lethbridge, 2019). 

 

 

Figure 1.  FLIR thermal camera mounted on the right rear of the aircraft.   
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‘Hotspots’ (clusters of pixels of a defined size that have a ‘hot’ thermal signature) are detected 

automatically.  Only candidate hotspots of the correct size for the target species are retained, and 

hotspots outside the correct size range are automatically discarded as non-targets. 

The Thermal program plays a video of the thermal footage, with hotspots in the correct size and 

temperature range for the target species (in this case fallow deer) automatically circled onscreen.  The 

program guides the user, but the final decision on whether a hotspot is a deer, another species, or a 

non-animal object, is made by the user.   

In this survey, two experienced aerial observers viewed the videos independently of each other.  Using 

mouse clicks in the Thermal interface, observers recorded hotspot parameters, video frame number, 

distance of the animal from the bottom of the frame (translated into distance on the ground), habitat 

type, and the geographical coordinates of the animal. 

An output file from the viewer’s observations were exported into the program Distance 7.2 Release 1 

(Thomas et al., 2010).  This program modelled population density using distance sampling, in this case 

Multiple Covariate Distance Sampling (MCDS).  Covariates chosen for this study were sun direction 

and habitat type (woodland or open). 

The best-performing MCDS model was selected to calculate the final abundance estimates for fallow 

deer, by multiplying deer density by the survey area of 19,905 km2. 

 

Preliminary results  

Use of the thermal camera was purely experimental in this survey and the results are for research and 

development purposes only.  Figure 2 shows the point locations of the thermal detections of deer, 

overlaid on the aerial observer detections of deer.  Some discrepancies are inevitable given that the 

thermal camera view was only 38.5 m on the ground, whereas aerial observers were viewing out to 

150 m from the aircraft.   
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Figure 2.  Thermal sightings of deer (red) compared with aerial observer sightings (blue). 
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The Multiple Covariate Distance Sampling modelling tested the effects of sun direction, habitat type, 

and a combination of sun direction and habitat type on deer density calculations.  The best-performing 

model did not include either of these covariates, suggesting that sun direction and habitat (woodland 

versus open area) did not affect the ability of the thermal camera to detect deer in this survey.   

The estimated population density from the thermal footage was similar to that estimated from aerial 

observer counts, but the coefficient of variation (CV) was much higher (38%).  This indicates that the 

thermal survey methodology would require refinement before deer population density and 

abundance estimates can be relied upon to be accurate. 

 

Future development  

Thermal camera surveys have been trialled for aerial surveys of a number of species but few surveys 

have shown unequivocal success.  Further work is needed to determine in what circumstances, if any, 

thermal camera surveys can produce equivalent results to spotlight surveys or aerial surveys, while 

also being cost-effective. 

As a future experiment, we suggest flying a small Unmanned Aerial Vehicle (UAV), drone, over a sub-

set of transects.  To allow distance sampling, two cameras facing in opposite directions should be 

mounted perpendicular to the direction of flight.  An UAV flying beyond visual line of site (BVLoS) 

would require approval from the Civil Aviation Safety Authority.  This technology would be unlikely to 

be cost-effective over a large geographical area as in this survey.  However, it may be appropriate for 

use over smaller areas, and could be useful for surveys in particularly remote areas. 
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