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                              “ I just want to count them! Considerations when choosing a deer 
population monitoring method ”       

    Matt     Amos  ,       Greg     Baxter  ,       Neal     Finch  ,       Allan     Lisle   and       Peter     Murray            

  M. Amos (matthew.amos@uqconnect.edu.au), N. Finch, A. Lisle and P. Murray, School of Agriculture and Food Sciences, Th e Univ. of 
Queensland, Gatton QLD 4343, Australia.  –  G. Baxter, School of Geography, Planning and Environmental Management, Th e Univ. of 
Queensland, St Lucia QLD 4072, Australia                               

 Eff ective management of any population involves decisions based on the levels of abundance at particular points in 
time. Hence the choice of an appropriate method to estimate abundance is critical. Deer are not native to Australia and 
are a declared pest in some states where their numbers must be controlled in environmentally sensitive areas. Th e aim of 
this research was to help Australian land managers choose between widely used methods to count deer. We compared 
population estimates or indices from: distance sampling, aerial surveys, spotlight counts, and faecal pellet counts. For each 
we estimated the labour input, cost, and precision. Th e coeffi  cient of variation varied with method and time of year from 
8.7 to 36.6%. Total labour input per sampling event varied from 11 to 136 h. Total costs of vehicles and equipment per 
sampling event varied from AU $ 913 to  $ 2966. Overall, the spotlight method performed the best at our study site when 
comparing labour input, total cost and precision. However, choice of the most precise, cost eff ective method will be site 
specifi c and rely on information collected from a pilot study. We provide recommendations to help land managers choose 
between possible methods in various circumstances.   

 Of the 18 species of deer introduced into Australia only six 
survive in free roaming wild populations (Bentley 1998, 
Jesser 2005). Most deer populations have been restricted 
in distribution for almost a century but many are now 
increasing in number and distribution (Moriarty 2004, 
Jesser 2005). Few introduced species (or group of species) in 
Australia divide community attitudes as much as deer. In 
Tasmania, Victoria and NSW they are classifi ed as Game 
and protected through legislation whilst in other states they 
are either declared pests or have no legal status. In Queen-
sland, wild deer were protected in legislation from 1863 
until 1994. Th ey then had no legal status until 2009 when 
they were declared pests. Th e importance of deer to many 
people as either a valued resource or a declared pest implies 
a management imperative, yet there is a dearth of informa-
tion in the peer reviewed literature relating to these species 
in Australia (McLeod 2009). 

 Eff ective management of any species usually involves 
making decisions from knowledge of their population 
abundance or trends in abundance (Sinclair et   al. 2006) and 
managers often perform counts of the population to estimate 
these parameters. Obtaining estimates of abundance that are 
useful to management requires the best choice of method 
(Sinclair et   al. 2006). 

 Often researchers will start with a decision to either 
estimate absolute or relative abundance (Sinclair et   al. 2006). 
For deer species worldwide popular methods for estimating 

absolute abundance include line transect distance sampling 
(Focardi et   al. 2002, Jathanna et   al. 2003, Acevedo et   al. 
2008, Ariefi andy et   al. 2013), aerial surveys (Fafarman and 
DeYoung 1986, Potvin and Breton 2005, Daniels 2006, 
Kantar and Cumberland 2013), thermal imaging (Belant 
and Seamans 2000, Focardi et   al. 2001, 2013, Smart et   al. 
2004, Daniels 2006, Collier et   al. 2013), camera surveys 
(Roberts et   al. 2006, Curtis et   al. 2009, McCoy et   al. 2011, 
Dougherty and Bowman 2012), population manipulation 
indices (Conner et   al. 1986, Sinclair et   al. 2006), and faecal 
pellet counts ( Marques et   al. 2001, Campbell et   al. 2004, 
Smart et   al. 2004, Mandujano et   al. 2013, Alves et   al. 2013). 
Popular methods of estimating relative abundance for deer 
include spotlight counts (Belant and Seamans 2000, Focardi 
et   al. 2001, Collier et   al. 2007, Acevedo et   al. 2008, Garel 
et   al. 2010) and faecal pellet counts (Forsyth et   al. 2007, 
Acevedo et   al. 2008, 2010, Ariefi andy et   al. 2013). 

 Data on the performance of various methods is, however, 
for most managers in Australia based on research conducted 
in other countries with diff erent climates and habitats. Also, 
as little research has been conducted on the ecology of deer 
species in Australia, it is unknown if their behaviour in this 
environment will impact on the success of methods used 
elsewhere. We tested four of the most widely used survey 
methods for deer using the same population of deer within 
the same time period and in the context of the resources 
available to Australian land managers. 

  ©  2014 Th e Authors. Th is is an Open Access article 
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  Figure 1.     Location of Cressbrook Dam and surrounding catchment reserve. Dam water levels for 2010 and post January 2011 are shown, 
as well as the grassland area and exclusion zone.  

 Taking into consideration the steep terrain of our study 
area, the target species wild red deer  Cervus elaphus , the rela-
tively high density of the deer, and available resources (labour, 
fi nance and equipment) we chose distance sampling, aerial 
survey (mixed distance sampling/mark – recapture), spotlight 
counts and faecal pellet indices to estimate relative abun-
dance. To help land managers choose appropriate methods 
to suit their needs we provide a comparison of these four 
methods for the estimates or indices obtained, labour input, 
cost, and precision at our study site.  

 Material and methods  

 Study area 

 Th is research was conducted in the Cressbrook Dam catch-
ment (27 ° 25 ′ 8 ′  ′ S, 152 ° 19 ′ 5 ′  ′ E) between October 2010 
and October 2012. Cressbrook Dam is located approxi-
mately 55 km northeast of the major provincial city of 
Toowoomba in southeast Queensland in the warm/humid 
zone of subtropical Australia (Australian Bureau of Meteo-
rology 2012). Cressbrook Dam catchment reserve (Fig. 1) 
is managed by the Toowoomba Regional Council (TRC) 
and comprises approximately 4893 ha (M. McDermid, 
TRC, pers. comm.). Th e reserve area is fenced to exclude 
domestic livestock (i.e. cattle and horses), but not to 
exclude or contain wild animals (i.e. deer, kangaroos, 
wallabies, feral pigs and wild dogs). 

 Cressbrook Dam is located in part of the mountain chain 
that forms the Great Dividing Range of eastern Australia. 
Elevation in the study area varies from 280 m to 607 m a.s.l. 
(Toowoomba Regional Council 2009). Topography in the 

Cressbrook Dam catchment varies from relatively gentle 
slopes in the lower elevations around the dam foreshore to 
steep gullies, ridgelines and hills at higher elevations. 

 Approximately 82% of the 4,893 ha, (4016 ha) is dry 
sclerophyll forest. In 2009 approximately 15% (730 ha) 
was open grassland but this reduced to about 7% (352 ha) 
in early 2011 when the water reservoir fi lled rapidly after 
heavy rains (M. McDermid, pers. comm.). Conversely, the 
reservoir water level covered approximately 3% (147 ha) in 
2009, but this increased to nearly 11% (526 ha) in early 
2011 and was maintained at this area for the balance of the 
study (M. McDermid, pers. comm.). Approximately 1400 ha 
of dry sclerophyll forest in the northeast part of the catch-
ment reserve had access restrictions during the course of the 
study. 

 Red deer were originally released in southeast Queen-
sland in 1873 close to the Cressbrook Dam catchment 
(Bentley 1998, Jesser 2005). Deer fl ourished in the region 
and have built up to a herd estimated at between 10 000 
and 15 000 (Moriarty 2004, Jesser 2005). Deer numbers 
locally in the Cressbrook Dam catchment reserve currently 
comprise a high density population (Finch 2003, Amos 
et   al. 2011). Red deer at the study site display a similar 
life cycle to where they originated in the Northern Hemi-
sphere, but timing of events is six months advanced. Th us 
the rut (mating season) is still in Autumn, but this occurs 
at the study site in late March through April rather than 
late September through October as in Scotland (Clutton-
Brock et   al. 1982). Toowoomba Regional Council staff  
conducted a management cull of deer in the Cressbrook 
Dam catchment reserve between July and September 2011 
removing 85 animals.  
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 Ethics approval 
 Th is research had Th e University of Queensland animal eth-
ics approval (SAS/239/09 UQ) and Queensland government 
Eco-access permit (WITK05993409).   

 Distance sampling 
 Distance sampling from walked line transects has been used 
extensively in a variety of circumstances to count deer and 
has generally been regarded as providing reliable estimates 
(Mandujano and Gallina 1995, Focardi et   al. 2002, Jathanna 
et   al. 2003, Acevedo et   al. 2008, Ariefi andy et   al. 2013). 
Distance sampling was conducted following standard meth-
odology (Buckland et   al. 2001). A single observer traversed a 
transect on foot recording the distance and compass bearing 
to the centre of target animal groups. Distance was measured 
with a laser rangefi nder and compass bearing with a mag-
netic compass. Observers carried binoculars with a magnifi -
cation of 8 or 10 times to aid counting at longer distances. 
Observers noted the species and group number of the target 
animals whilst traversing the transects at a speed of approxi-
mately 2.4 km h �1 . A pilot study (Amos 2010) suggested 
sampling should be conducted in spring (September to 
November) when deer groups were the largest and easiest to 
detect. Transects were undertaken within 2 hours of sunset 
to avoid possible complications with morning fog but when 
deer were active after resting in the middle of the day. 

 Th ere were between 15 and 21 transects sampled each 
year that varied from 0.5 to 4.5 km in length and covered 
the accessible area of the catchment reserve (Supplemen-
tary material Appendix 1 Fig. A1). Transects were located 
far enough apart to avoid the possibility of double count-
ing or fl ushing animals on another transect, whilst provid-
ing a good coverage of the survey region. Multiple transects 
were sampled on the same afternoon using multiple trained 
observers. A sampling event consisted of sampling 10 to 21 
of the 21 transects each afternoon for four consecutive after-
noons. Transects were located on low use vehicle tracks not 
open to the public. 

 Data were analysed using Distance 6.0 release 2 (Th omas 
et   al. 2010). As detection probability for individual vegeta-
tion types (forest or grassland) was similar between years, 
data were pooled by vegetation type for all years. Th e grass-
land data were truncated at 500 m and the forest data at 
160 m to eliminate outliers (Buckland et   al. 2001). For each 
vegetation type the detection function and cluster size were 
calculated from the pooled data but density and encounter 
rate were calculated for each year. Cluster size was estimated 
as the mean of observed clusters. When transects were resa-
mpled within a sampling event, individual transect data 
were pooled and the line length multiplied by the number of 
visits. We used the uniform key with cosine adjustments, half 
normal key with cosine adjustment, half-normal key with 
Hermite polynomial adjustments, and hazard rate key with 
simple polynomial adjustment models as recommended in 
Th omas et   al. (2010). Th e selection of the best model and 
adjustment term were based on Akaike ’ s information cri-
terion (AIC), goodness of fi t, and visual inspection of the 
histogram (Buckland et   al. 2001). Results for diff erent veg-
etation type by year were combined together to get an overall 
estimate. Standard error overall for each year was calculated 
by summing the square of the standard error for estimates of 

deer for each vegetation type, then taking the square root as 
the overall result.   

 Aerial survey 
 An aerial survey using mark – recapture distance sampling 
methods was conducted as a single sampling event in 
October 2011 following the methodology of Fewster and 
Pople (2008). Eight east/west transects 1 km apart were 
fl own with a helicopter over the study area (Supplementary 
material Appendix 1 Fig. A2). Th e helicopter was fl own at 
61 m (200 ft) above the ground at 93 km h �1  (50 knots). 
Two independent observers sat on the left of the aircraft 
simultaneously recording sightings whilst one observer 
searched from the right of the aircraft. Independence 
between observers was maintained by turning off  electronic 
communication between observers and by the noise of the 
helicopter with doors removed. Observers searched for deer 
clusters in fi ve distance classes defi ned by aluminium poles 
extending perpendicularly on either side of the helicopter 
with intervals 0 – 20, 20 – 40, 40 – 70, 70 – 100 and 100 – 150 
m perpendicular to the transect line. 

 Data was analysed using Distance 6.0 release 2. First a 
mark – recapture distance sampling (MRDS) model was built 
to analyse the double sightings from independent observers 
on the left hand side of the aircraft. Th e best model using dif-
ferent covariates for cluster size, observer, and distance, was 
determined by the use of AIC (Laake et   al. 2008). Detection 
probability on the transect line ( g (0)) was calculated from 
this model. A conventional distance sampling (CDS) analy-
sis was then run in Distance 6.0 release 2 using results from 
1 observer on each side of the aircraft with the detection 
probability on the transect line included as a multiplier in 
the analysis. Th e same models as for distance sampling above 
were utilised.   

 Spotlight counts 
 Spotlight counts were recorded from a motor vehicle driven 
at 8 km h� 1  (5 mi h �1 ). A single sampling event consisted of 
three consecutive nights sampling and the deer/night result 
for that sampling event was taken as the mean of the three 
nights sampling (Sinclair et   al. 2006). Spotlighting occurred 
approximately 1 – 2 h after dark using 100 watt spotlights. 
Th e survey team consisted of four people inside a vehicle  –  a 
driver, a scribe, and two observers using spotlights  –  one on 
each side of the vehicle. Spotlight counts were carried out 
yearly between October 2010 and October 2012. Th e spot-
light transect was 5.9 km long before January 2011. After 
fl ooding rains in January 2011 it was re-designed to 4.4 km 
due to track closures. Th e spotlight transects covered grass-
land areas in the southern portion of the catchment reserve 
(Supplementary material Appendix 1 Fig. A3). 

 Th e spotlight transect area was calculated by taking dis-
tance measurements of the approximated visible spotlight 
range with a laser rangefi nder every 100 m along the spot-
light transect. Distance measurements were taken either side 
of the track at right angles to the direction of travel and GPS 
locations were also recorded at the same location. Th is data 
was combined to construct an average spotlight area polygon 
in ArcMap 10.1 (ESRI). Th is polygon had an area of 130.3 
ha for the 2010 transect and 83.2 ha for the 2011 and 2012 
transects. Both estimates of abundance (no. deer km �2 ) and 
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the labour input. Th e projected sample size was estimated 
by multiplying the actual mean sample size of the method 
by the projected labour time and then dividing by the actual 
mean labour input for that method. Th e projected sample 
size was then combined with the mean estimator and pooled 
standard deviation to derive the projected relative preci-
sion. Th e varying levels of labour input for the projected 
relative precision for comparing methods were set as 24, 36, 
48, 72 and 96 h which corresponded to 0.5 � , 0.75 � , 1 � , 
1.5    �    and 2    �    the mean sampling eff ort from distance sam-
pling. Some extra levels of labour input were added at 6 and 
12 h for aerial survey since this method had such a low fi eld 
labour input. 

 To calculate the cost of labour a rate of AU $ 30 h� 1  was 
used. Assumptions for comparison of vehicle and equip-
ment costs are listed in Supplementary material Appendix 1 
Table A1. Equipment costs for the faecal pellet index were 
negligible so these were not included.    

 Results  

 Distance sampling 

 We observed 2870 deer in 479 groups whilst distance 
sampling. (Table 1). Th e grassland model (uniform model 
with cosine adjustment) fi tted the grassland observations 
well (Kolmogorov – Smirnov test: D    �    0.076, p    �    0.33) 
although there was some evidence of evasive movement of 
the deer prior to detection was noted in the perpendicu-
lar distance histograms at approximately 190 to 250 m 
(Fig. 2a  –  Grassland). Th e forest model (half normal with 
cosine adjustment) however did not fi t the observations well 
(Kolmogorov – Smirnov test: D    �    0.155, p    �    0.01) and there 
was a spike at zero (Fig. 2b  –  Forest). Grouping the data 
into distance classes did not improve the model. Detection 
probability varied between the vegetation types (grassland  ∼  
0.5, forest  ∼  0.4). Encounter rate had the greatest eff ect on 
variance in the grassland (60  –  82% of variance). Cluster 
size had the greatest eff ect on variance for the forest in 2010 
(50% cluster size vs. 35% encounter rate) whereas in 2011 
and 2012 encounter rate had the greatest eff ect on variance 
(82 and 75% respectively). Deer densities were estimated 
to be lower in the forest (23.7 – 29.3 deer km �2 ) than grass-

indices of abundance (no. deer km �1 ) were calculated for the 
spotlighting method.   

 Faecal pellet index 
 We conducted the faecal pellet index as described by Forsyth 
(2005). Sixty random sites were computer generated  –  thirty 
sites each for both the grassland and dry sclerophyll forest veg-
etation types (Supplementary material Appendix 1 Fig. A4). 
Each site represented the start of a 150 m transect with a ran-
dom direction of travel. Plots one m in radius were checked 
every fi ve m along the transect line to count faecal pellets. All 
intact deer faecal pellets inside the plot were counted. Th is 
method does not rely on assumptions for deer defecation 
rate or faecal pellet decay rate, so these parameters were not 
calculated. Sampling was conducted in August/September 
in 2010 and 2011. Data were entered into spreadsheet and 
the index was then calculated as the mean number of pellets 
per transect overall and for each vegetation type. 95% con-
fi dence limits were obtained by using the free POPTOOLS 
( � www.cse.csiro.au/poptools/download.htm � ) add in and 
calculating the mean of 10 000 bootstrap samples from the 
total number of pellets for each transect and then analysing 
the bootstrap samples with a Monte Carlo analysis. Overall 
results for the two years were compared with a student’s  t -test 
and a general linear model was used to examine the fi xed 
eff ects of year, vegetation type and their interaction.    

 Inter-method comparisons 

 As the accuracy of the estimate by any given method com-
pared to the actual abundance is unknown, one way to 
compare the various methods is to compare the precision 
or sampling error of the methods. To do this we compared 
the relative precision of each method via the coeffi  cient of 
variation as defi ned in Buckland et   al. (2001)  –  the ratio of 
the standard error to the estimator expressed as a percentage 
of the estimate. We derived a pooled relative precision esti-
mate as above for all years for each method by fi rst pooling 
the standard deviation (root mean square) for each method 
and combining with the mean estimator and mean number 
of observations. An average labour input was calculated for 
a single sampling event for each method. We also projected 
the relative precision for all methods for varying levels of 
labour input by fi rst estimating the projected sample size for 

  Table 1. Statistics relative to October distance sampling and aerial surveys at Cressbrook Dam. Distance sampling and aerial survey estimates 
showing strata, year, sample size (n), encounter rate (n/L, cluster km �1 ), effective strip width (ESW, m), detection probability ( P ), expected 
cluster size ( E (s)), estimated population abundance ( N̂ ), and 95% confi dence intervals (95%CI). %CV denotes the coeffi cient of variation for 
the column on its left.  

95% CI

Strata Year n n/L %CV ESW  P %CV  E (s) %CV  N̂ %CV Lower Upper

Forest 2010 75 0.8 13.1 70.9 0.44 8.4 4.6 15.7 1025 22.1 664 1583
2011 104 1.1 23.8 70.9 0.44 8.4 3.7 7.1 1176 26.2 675 2049
2012 92 0.8 22.1 70.9 0.44 8.4 4.3 9.3 951 25.4 566 1597

Grassland 2010 38 1.5 25.4 265.6 0.53 3.4 15.4 20.3 325 32.7 165 640
2011 49 3.2 30.0 265.6 0.53 3.4 6.6 13.5 140 33.1 64 310
2012 72 3.2 33.6 265.6 0.53 3.4 8.6 22.8 182 40.8 78 425

Overall 2010 1350 18.5 942 1935
2011 1316 23.7 833 2079
2012 1133 22.3 735 1746

Aerial survey 2011 28 0.4 24.6 70.8 0.40 14.4 5.6 22.1 1284 36.6 632 2608
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  Figure 2.     Histograms of perpendicular distances and detection 
probability (broken lines) for distance sampling in grassland and 
forest vegetation types (pooled for October 2010, 2011 and 2012) 
and for aerial survey (October 2011).  

land areas (39.8 – 51.7 deer km �2 ). Population estimates 
more than halved for the grassland from 2010 ( N      �    325) 
to 2011 ( N      �    140) but this did not change the estimated 
density (Table 2) as the area of grassland in the Cressbrook 
Dam catchment reserve also halved due to rises in the dam 
water levels. Given the eff ective strip width of the grassland 
model of 265.6 m we calculated the coverage of the grassland 
transects in 2010 to be approximately 300 ha and in 2011 
and 2012 to be approximately 230 ha due to rises in the dam 
water level. We calculated the coverage of the forest transects 

with an eff ective strip width of 70.9 m to be approximately 
234 ha for all years.   

 Aerial survey 

 Th e MRDS analysis estimated a detection probability on 
the transect line of  g (0)    �    0.76    �    0.05. Th e CDS analysis 
gave an overall deer population estimate of 1285 deer in the 
Cressbrook Dam catchment reserve (Table 1). Th e model 
fi t could not be evaluated as with data from exact distances, 
but visual estimation of the model fi t suggests it is a poor 
fi t due to a spike at zero distance (Fig. 2c  –  Aerial survey). 
Encounter rate (45.0%) and cluster size (36.3%) were the 
greatest contributors to variance. Given the eff ective strip 
width of 70.8 m, we calculated the aerial survey coverage to 
be approximately 202 ha.   

 Spotlight counts 

 Th e spotlight estimates for 2010 and 2012 were more than 
double the 2011 estimate (Table 2). Th e spotlight indices 
with standard error (in parentheses) were 31.3 (3.2), 10.7 
(1.9), and 25.6 (2.3) deer/km for 2010, 2011 and 2012 
respectively. Th e trends for the spotlight indices closely fol-
lowed the trends of spotlight abundance.   

 Faecal pellet index 

 Faecal pellet indices for 2010 and 2011 did signifi cantly dif-
fer between years at the  P     �    10% level ( t     �    1.89, DF    �    116, 
p     �      0.061) and grassland sites had higher indices than 
forest sites for both years (F    �    6.76, DF     �      1, p    �    0.011) 
(Fig. 3). Th ere was no signifi cant eff ect of vegetation type 
on the year that faecal counts took place (F    �    0.00, DF     �      
1, p    �    0.956).   

 Inter-method comparisons 

 Estimates of abundance from the distance sampling, 
aerial survey and spotlighting are summarised in Table 2 for 
comparison. 

 Th e aerial survey method estimate of 1285 deer was 
comparable to the distance sampling estimate for 2011 of 
1316 deer (Table 1). Th e distance sampling covered a much 
wider strip in the grassland than the aerial survey, but results 
were similar in the forest. Th e detection probability for aerial 
surveys was again similar to the distance sampling for the 
forest. Th e variance was greater for the aerial survey com-
pared to overall results for distance sampling. 

 Spotlighting estimates for 2010 were more than triple and 
2012 more than double distance sampling estimates for the 
grassland. Only the 2011 spotlight estimate was comparable 
to distance sampling estimates for the grassland. 

 Th e faecal pellet index indicated a decline in relative deer 
abundance from 2010 to 2011(Fig. 3) but this trend was not 
shared with overall distance sampling (Table 2). However, 
the faecal pellet index indicated a lower relative abundance 
in the forest in both years, which was similar to distance 
sampling. 

 Spotlighting had the highest relative precision for any 
single sampling event (Table 3), but high precision was not 
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  Table 2. Estimates of wild red deer abundance. Spring estimates of population density (deer km �2 ) in the grassland and overall at Cressbrook 
Dam between October 2010 and October 2012. Figures in brackets denote the 95% confi dence intervals.  

Method

Grassland Overall

2010 2011 2012 2010 2011 2012

Distance sampling 44.6   (22.6 – 87.7) 39.9   (18.0 – 88.1) 51.6   (22.1 – 120.7) 28.4   (19.8 – 40.8) 30.1   (19.1 – 47.6) 25.9   (16.8 – 40.0)  
Aerial survey 29.4   (14.5 – 59.7)
Spotlighting 141.7   (114.7 – 168.7) 56.6   (36.5 – 76.7) 135.7   (112.7 – 158.8)

  Table 3. Relative precision (CV%) results from spring estimates. 
Relative precision (CV%) for all methods used to estimate deer 
abundance within the Cressbrook Dam catchment reserve from 
2010 to 2012 showing estimates from spring sampling.  

Year 2010 2011 2012

Distance sampling 18.5 23.7 22.3
Aerial survey 36.6
Spotlight count 9.7 18.1 a 8.7
Faecal pellet index 10.4 12.3

  a sampling occurred after spotlight cull of deer.   

  Figure 3.     Faecal pellet indices of wild red deer abundance within 
the Cressbrook Dam catchment reserve for spring 2010 and spring 
2011 showing standard error.  

as consistent for this method as for the distance sampling and 
faecal pellet index methods. Th e faecal pellet index method 
was the most labour intensive method, while the aerial sur-
vey was the least labour intensive (Fig. 4). When comparing 
estimates of pooled relative precision and mean fi eld labour 
input, spotlighting performed well against other methods for 
the level of precision versus the labour input (Table 4). Spot-
lighting was predicted to be the most effi  cient method from 
projected precision estimates (Fig. 5). 

 Total estimated costs for the faecal pellet index and 
distance sampling methods were more than double the costs 
of the other methods (Fig. 6). Distance sampling had the 
highest relative equipment costs (Fig. 6).    

 Discussion 

 As expected, there were tradeoff s associated with cost, labour 
input, and precision for the methods used in this research. 
Both distance sampling and faecal pellet indices indicated a 
lower density of deer in the forest compared to the grassland. 
Distance sampling, spotlighting and faecal pellet indices 
showed similar trends for the grassland from 2010 to 2011 
(Table 2, Fig. 3). However, this trend agreement between 
years was not shared for distance sampling and faecal pellet 
index for the forest and overall and cannot be adequately 
explained. Possibly the rate of decay of faecal pellets was dif-
ferent in the two years due to the high rainfall in January 
2011 compared to 2010 when conditions were very dry and 
stable. Also the increased vegetation cover in 2011 made the 
counting harder, and more pellets may have been overlooked. 
Distance sampling for the grassland showed a slight increase 
from 2011 to 2012 which was in agreement with spotlight-

ing. Spotlighting results in 2011 were likely to be negatively 
aff ected by spotlight culls of deer in the preceding months. 
As distance sampling (Table 1) indicated a relatively stable 
population over the whole study area for the study duration, 
it is hard to predict which of the methods were most useful 
for estimating trends in deer abundance. 

 We found that distance sampling gave repeatedly precise 
estimates, and the aerial survey gave reasonable precision for 
the small labour input. We would recommend the distance 
sampling method to gain an estimate of absolute deer abun-
dance if suffi  cient labour was available. If labour was limiting, 
the terrain and vegetation cover suitable and funds available, 
we would recommend aerial survey. Th e population estimates 
from these two methods were comparable to each other, and 
also comparable to an earlier estimate by Finch (2003) in 
the same study area using the Index – manipulation index 
method. 

 Of the methods we trialled, the spotlight method per-
formed the best when comparing total expense, total labour 
cost and precision. However, the small spotlight sample size 
and sampling on sequential nights may have tended to under-
estimate the  ‘ true ’  variability in population size. Th is method 
is mostly used to provide an index of abundance (Focardi 
et   al. 2001, Collier et   al. 2007, Acevedo et   al. 2008, Garel 
et   al 2010) and we found that absolute abundance estimates 
from this method were generally not comparable to those 
from distance sampling. Th is is somewhat expected as the 
two methods were conducted at diff erent times of the day, 
and deer generally move out from the forest into the grass-
land in the evening leading to higher spotlight estimates. 

 Th e usefulness of spotlighting to monitor deer populations 
is very controversial. Garel et   al. (2010) recently described 
spotlighting as  ‘ reliable ’  from a long term study of red deer 
in a forested environment in northeastern France. Th e fi nd-
ings of Garel et   al. (2010) indicate that spotlighting is useful 
for monitoring abundance annually. In contrast Collier et   al. 
(2013) questioned the usefulness of spotlighting in any cir-
cumstances following study of white-tailed deer  Odocoileus 
virginianus  in South Carolina, USA. Th ose authors found 
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  Table 4. Mean sampling time and associated statistics for spring esti-
mates of absolute and relative abundance. Mean fi eld sampling 
hours ( t ) per sampling event, mean sample size (n), mean estimator 
(E), pooled standard deviation (SD) and pooled relative precision 
(CV%) for all methods used to estimate deer abundance within the 
Cressbrook Dam catchment reserve from 2010 to 2012 showing 
estimates from spring sampling.  

Method  t n E SD CV%

Distance sampling 48 143 1266 3287 21.5
Aerial survey 3 28 1284 ,487 36.6
Spotlight count 18 3 115 22 11.1
Faecal pellet index 90 60 301 247 10.6

  Figure 4.     Total labour estimate per sampling event comparing 
all methods used to monitor wild red deer abundance in the 
Cressbrook Dam catchment reserve between 2010 and 2012.  

  Figure 5.     Projected relative precision for varying levels of fi eld 
labour input from pooled spring estimates and indices of wild red 
deer abundance in the Cressbrook Dam catchment reserve. X 
denotes the actual pooled relative precision realised from the actual 
mean fi eld sampling labour input for each method.  

  Figure 6.     Total cost of methods used to monitor wild red deer abun-
dance in the Cressbrook Dam catchment reserve 2010 and 2012 
with labour input valued at  $ 30 h �1  (Australian dollars).  

that spotlighting had such a highly variable detection prob-
ability that it was unlikely to provide abundance data useful 
for management decisions. Although we also experienced 
variable detection probability using this method, trends 
between years generally agreed with distance sampling esti-
mates for the grassland. Given the level of precision at our 
study site and low overall costs, we would recommend this 
method to gain an index of relative abundance for red deer 
in open woodland and grassland habitats in Australia. How-
ever, low detection rates in dense vegetation would likely 
make this method more unsuitable in forest areas. 

 We obtained consistently high precision from the faecal 
pellet index which is used elsewhere in Australia to monitor 
changes in Sambar deer  Cervus unicolor  relative abundance 
(D. Forsyth pers. comm.). We found this method extremely 
labour intensive in subtropical grassland with dense vegeta-
tion cover and the deer densities we encountered. However, 
this method was most likely designed with lower deer densi-
ties in mind, as bootstrapping in the analysis made no dif-
ference to 95% confi dence intervals as compared to those 
derived without bootstrapping. 

 When comparing all methods, regardless of whether an 
estimate of absolute or relative abundance, we found the 
spotlight method to be the most effi  cient in terms of labour 
and equipment costs compared with precision. However, 
because consistently high precision was only obtained by 
methods utilising a relatively high labour input, we conclude 
that there are no short cuts to monitoring populations of 
wild red deer in a context such as we encountered in the 
Cressbrook Dam catchment reserve. Each method has desir-
able and undesirable traits, and choosing a method for any 

given study site will involve a thorough evaluation of the 
methods available (Acevedo et   al. 2008). 

 We advocate the use of a pilot study to obtain an esti-
mate of the variability of deer sighting over time and space 
before conducting counts using any particular method. 
A pilot study is particularly useful in determining if the 
sampling method is suitable for the study site, and may 
indicate the sampling eff ort required to achieve the sur-
vey goals. We used a pilot study eff ectively for the distance 
sampling method (Amos 2010) to determine the transect 
line length as described in Buckland et   al. (2001) to achieve 
reasonable precision. 

 Not all methods could be trialled at exactly the same time 
due to high labour requirements for some methods. Some 
methods may have also negatively aff ected results for other 
methods if conducted at the same time by inducing deer 
avoidance due to high personnel presence. Th is timing of 
events introduces some extra variation into the comparison 
of the experiments, but all estimation methods were under-
taken as temporally and spatially close to one another as 
logistically possible, hence this variation was minimised. 

 Finally, researchers and land managers must be aware that 
our comparison of these methods was conducted in a region 
where deer densities are high by world standards. For exam-
ple some European red deer densities have been reported in 
the range of 1.7 – 7 deer km �2  (Georgii 1980, Kamler et   al. 
2008, Jerina 2009), 14 deer km �2  (Clutton-Brock et   al. 
1982) and 25 – 26 deer km �2  (Lovari et   al. 2007). A recent 
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  Campbell, D. et   al. 2004. Comparing the precision and cost-
eff ectiveness of faecal pellet group count methods.  –  J. Appl. 
Ecol. 41: 1185 – 1196.  

  Clutton-Brock, T. H. et   al. 1982. Red deer: behavior and ecology 
of two sexes.  –  Univ. of Chicago Press.  

  Collier, B. A. et   al. 2007. Detection probability and sources of 
variation in white-tailed deer spotlight surveys.  –  J. Wildl. 
Manage. 71: 277 – 281.  

  Collier, B. A. et   al. 2013. Spotlight surveys for white-tailed deer: 
monitoring panacea or exercise in futility?  –  J. Wildl. Manage. 
77: 165 – 171.  

  Conner, M. C. et   al. 1986. Precision of the change-in-ratio tech-
nique for deer population management.  –  J. Wildl. Manage. 
50: 125 – 129.  

  Curtis, P. D. et   al. 2009. Estimating deer abundance in suburban 
areas with infrared-triggered cameras.  –  Human – Wildlife 
Confl icts 3: 116 – 128.  

  Daniels, M. J. 2006. Estimating red deer  Cervus elaphus  
populations: an analysis of variation and cost-eff ectiveness of 
counting methods.  –  Mamm. Rev. 36: 235 – 247.  

  Dougherty, S. Q. and Bowman, J. L. 2012. Estimating sika deer 
abundance using camera surveys.  –  Popul. Ecol. 54: 357 – 365.  

  Fafarman, K. R. and DeYoung, C. A. 1986. Evaluation of 
spotlight counts of deer in south Texas.  –  Wildl. Soc. Bull. 14: 
180 – 185.  

  Fewster, R. M. and Pople, A. R. 2008. A comparison of mark-re-
capture distance-sampling methods appled to aerial surveys of 
eastern grey kangaroos.  –  Wildl. Res. 35: 320 – 330.  

  Finch, N. 2003. Final report on Cressbrook Deer.  –  Th e Univ. 
of Queensland.  � www.deerresearch.com.au/wp-content/
uploads/Final-report-on-Cressbrook-deer-2003.pdf �  accessed 
on 30 April 2013.  

  Focardi, S. et   al. 2001. Comparative evaluation of thermal infrared 
imaging and spotlighting to survey wildlife.  –  Wildl. Soc. Bull. 
29: 133 – 139.  

  Focardi, S. et   al. 2002. Th e use of distance sampling and mark – 
resight to estimate the local density of wildlife populations. 
 –  Environmetrics 13: 177 – 186.  

  Focardi, S. et   al. 2013. Nocturnal distance sampling of a Mediter-
ranean population of fallow deer is consistent with population 
projections.  –  Wildl. Res. 40: 437 – 446.  

  Forsyth, D. M. 2005. Protocol for estimating changes in the rela-
tive abundance of deer in New Zealand forests using the faecal 
pellet index (FPI).  –   � www.doc.govt.nz/documents/conserva-
tion/threats-and-impacts/animal-pests/fpi-protocol.pdf �  
accessed on 13 December 2013.  

  Forsyth, D. M. et   al. 2007. Modelling the relationship between 
fecal pellet indices and deer density.  –  J. Wildl. Manage. 71: 
964 – 970.  

  Garel, M. et   al. 2010. Are abundance indices derived from spotlight 
counts reliable to monitor red deer  Cervus elaphus  populations? 
 –  Wildl. Biol. 16: 77 – 84.  

  Georgii, B. 1980. Home range patterns of female red deer ( Cervus 
elaphus L. ) in the Alps.  –  Oecologia 47: 278 – 285.  

  Jathanna, D. et   al. 2003. Estimation of large herbivore densities in 
the tropical forests of southern India using distance sampling. 
 –  J. Zool. 261: 285 – 290.  

  Jerina, K. 2009. How the estimates of home range size and com-
position are aff ected by diurnal, nocturnal and 24-hour sam-
pling methods: example of the red deer ( Cervus elaphus ) in 
Slovenia.  –  Zbornik Gozdarstva in Lesarstva 89: 3 – 15.  

study in a Mediterranean climate classifi ed red deer density 
as low between 0.04 – 20.0 deer km �2  and high between 
20.01 – 66.77 deer km �2  (Acevedo et   al. 2008). Our density 
estimates from distance sampling methods in the Cressbrook 
Dam catchment reserve estimated wild red deer density to 
be approximately 25 – 30 deer km �2 .Hence all our analyses 
must be evaluated in that context and may not be applicable 
in other locations with a lower deer density, or in diff erent 
terrain types.  

 Conclusions 

 Th is research highlights the importance of assessing the 
available methods for estimating deer abundance prior 
to choosing a monitoring method. Our study will help 
Australian land managers and researchers make informed 
decisions regarding method choice for monitoring deer 
populations in the future.                   
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