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Abstract

Red deer (Cervus elaphus) have been in Australia for over 150 years. The first documented release
in Queensland was on Cressbrook Station in 1873. Following further releases they have spread
through the Brisbane, Mary, and Burnett River Valleys to have an estimated population of 15,000
animals. Red deer were a protected species for many years in Queensland, but in 2009 were
declared a Class 3 pest animal. The Invasive Animals Cooperative Research Centre National Feral
Deer Management Workshop in 2005 reported there was a lack of credible, scientific knowledge

about deer in Australia.

This project addressed the following research questions relating to wild red deer in south-eastern

Queensland:
e What is the optimal method for estimating abundance?
e What is their annual and seasonal home range?
e Do red deer exhibit habitat preferences and what factors affect those preferences?

Estimating Abundance: Walked line transect distance sampling, aerial line transect distance
sampling, vehicle based spotlight counts and faecal pellet counts were used to estimate or obtain
indices of abundance of wild red deer at Cressbrook Dam. For each method the labour input, costs
and precision were estimated. Spotlighting performed best overall when comparing labour and costs
with precision, but had a number of limitations. Walked line transects gave estimates of adequate
and repeatable precision but the method was expensive for both labour and equipment. Aerial
survey estimates were quick, relatively cost-effective and comparable to walked line transect
estimates, but not as precise as other methods. Faecal pellet counts were expensive in terms of
labour, but were very precise. Choosing a method for counting deer will be site and circumstance
specific, and some recommendations are provided to assist land managers choose a method. The
density of wild red deer at the study site was very high - estimated to be between 26 and 30

deer/km?,

Home Range: Wild red deer were fitted with GPS collars to provide location information every 90
minutes. Data were obtained from 22 collared deer — 11 male (4 young adult, 7 mature adult) and 11
female (1 young adult, 10 mature adult). Annual home range was estimated using the 95% Local
Convex Hull method to be approximately 359 ha for hinds and 1,323 ha for stags. The data indicate



that the size of seasonal home range may be linked to seasonal conditions. Stags at our study site
showed no elevated activity in summer compared to European reports. The home ranges at our
study site were very large considering the high deer densities encountered.

Habitat Use: Habitat preferences of GPS collared deer were explored by computing the resource
selection ratios. The available and used resources for individual animals were compared at the home
range level for various habitat components. The large data set (over 117,000 deer locations) allowed
in-depth examination of possible factors that might affect habitat use. | examined foliage projective
cover, aspect and slope to explore deer habitat preferences during the winter, summer and rut for
day vs. night. Hinds showed a preference for using heavier cover in the day compared to night
regardless of season, whereas stags only showed this preference in winter. Hinds showed a
preference for southerly facing aspects in all seasons. Stags showed southerly and easterly
preferences in winter and easterly preferences in summer. Hinds generally selected gentle to

medium slopes, while stags chose moderate to steep slopes.

Given the spread of deer generally in Australia most land managers will likely work towards
population maintenance or reduction. Estimating deer abundance will be critical in monitoring
progress towards set targets. If population reduction of wild red deer is desirable the best strategy
may be to reduce the number of hinds. The home range data suggest that hinds have smaller home
ranges than stags. Habitat preferences observed indicate that night time is the best time to target

deer in less heavily vegetated environments where they are more visible.
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Chapter 1 - Introduction

Plate 1 Official launch of the ""Management of wild deer in Australia Research Project' at Cressbrook
Dam in August 2009. (Photo P. Murray)

Page 1



1.1 Setting the scene

Of the many animals that have been introduced to Australia since 1788, few species divide public
perception as much as the deer species (Finch & Baxter 2007). To the avocado farmer they may be
a real and present pest, but to the hunter they may be a resource to be protected. To the urban
householder deer may be a beautiful addition to nature, but to the motorist they may be a threat to
public safety. Regardless of the reader’s perception, deer species are here to stay, and numbers and
distribution in Australia appear to be increasing (Jesser 2005; Moriarty 2004). However, little peer-
reviewed scientific research has been conducted on deer in Australia (Forsyth 2005a). This thesis
increases the current scientific knowledge of the ecology of wild red deer (Cervus elaphus), one of
the six species of deer to be found in wild populations in Australia (Bentley 1998; Jesser 2005), and
one that has been little researched in the Australian setting.

1.2 Background

This PhD research project forms a part of the much broader Management of wild deer in Australia
Research Project — a collaborative project between The University of Queensland, Biosecurity
Queensland, Department of Environment and Heritage Protection (Queensland), Toowoomba
Regional Council, Australian Deer Association (National and Queensland Branch), and the Sporting
Shooters Association of Australia (National and Queensland Branch). The Management of wild
deer in Australia Research Project was launched in August 2009 with aims to research some of the
many unknown biological factors of wild red deer in Australia. This project ran for three years and

involved a number of student and professional researchers as well as volunteers.

1.3 Problem Statement

Wild red deer have been in present in Queensland since 1873 (Bentley 1998; Roff 1960). They were
a protected species in Queensland from 1952 until their protection was removed with the advent of
the Nature Conservation Act 1992 (Jesser 2005). In a reversal of their former status, red deer were
declared a Class 3 pest species in Queensland on the 5™ May 2009 under the Land Protection (Pest
and Stock Route Management) Act 2002 by the Queensland Government (Biosecurity Queensland
2013). Similarly red deer are declared pest species in South Australia and Western Australia, whilst
in Victoria and New South Wales red deer have some protection as game species. Regardless of
their legal status, little is known about some of the major aspects of the ecology of red deer in
Australia (Finch n.d.). This includes information on the abundance, home range and habitat

preferences of wild red deer in the wild in Australia. It is important to understand these and other
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ecological factors so that better decisions can be made on their management by both land managers

and policy makers.

1.4 Project Aims & Objectives

Overall Aim: The overall aim of this PhD project was to try to raise awareness and increase

knowledge of some of the important ecological factors of wild red deer in an Australian setting.

Objectives: The project had three main objectives:

1.

Compare methods for estimating the abundance of wild red deer in an Australian sub-

tropical environment.

Estimate the annual and seasonal home range of wild red deer in south-eastern

Queensland.

Explore habitat preferences of wild red deer in south-eastern Queensland.

1.5 Research Questions

The following research questions were proposed from the three main objectives:

Obijective 1 (Estimating Abundance)

Questions:

1.

What is the best method to estimate the absolute abundance of wild red deer in an

Australian sub-tropical environment?

What is the best method to provide an index of abundance for wild red deer in an

Australian sub-tropical environment?

What is the most useful method for land managers to use to monitor wild red deer

numbers in an Australian sub-tropical environment?

What is the estimated abundance of red deer at the study site?
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Objective 2 (Home Range)

Questions:

1.

2.

What is the annual home range of both male and female wild red deer in south-eastern

Queensland?

What are the seasonal home ranges of both male and female wild red deer in south-

eastern Queensland?

Are the home range areas of introduced wild red deer in Australia comparable to those

of red deer in their native range in Europe?

What are the implications for land managers from the home range areas of wild red deer

in south-eastern Queensland?

Objective 3 (Habitat Preferences)

Questions:

1.

Do wild red deer display seasonal habitat preferences in south-eastern Queensland?
Do wild red deer display 24 hour habitat preferences in south-eastern Queensland?

What are the implications for land managers from habitat preferences of wild red deer in

south-eastern Queensland?

1.6 Overview of Thesis Document

This thesis is divided into sections based around the main objectives:

e Chapter 2 comprises a literature review of the issues surrounding this research, starting with

red deer in Australia, and then moving on to population estimation methods, home range

methods and concluding with habitat selection methods.

e Chapter 3 comprises a description of the study site.

e Chapter 4 comprises the paper “I just want to count them! Considerations when choosing a

deer population monitoring method.” by Amos, M., Baxter, G., Finch, N., Lisle, A., and

Murray, P. 2014. Wildlife Biology, vol. 20, no. 6, pp. 362-70 which completes Objective 1.
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It is a comparison of methods for estimating abundance or indices of abundance for wild red
deer in an Australian sub-tropical environment. Methods used include Distance Sampling
(Walked Line Transects), Aerial Survey (Mark Recapture Distance Sampling), Spotlight

Survey, and Faecal Pellet Index.

e Chapter 5 comprises the paper “At home in a new range: wild red deer in south-eastern
Queensland.” by Amos, M., Baxter, G., Finch, N. and Murray, P. 2014. Wildlife Research,
vol. 41, no. 3, pp. 258-65 which completes Objective 2. This paper describes the movement,
annual and seasonal home ranges and core areas of wild red deer in south-eastern
Queensland. Estimators for annual home range are the Minimum Convex Polygon (MCP),
Kernel Utilization Distribution (Kernel) and Local Convex Hull (LoCoH). The LoCoH

method is also used to describe seasonal home range areas and core areas.

e Chapter 6 comprises the paper “Home amongst the gum trees: habitat preferences of wild
red deer in south-eastern Queensland.” by Amos, M., Baxter, G., Finch, N. and Murray, P.
(Submitted to Wildlife Research) which completes Objective 3. This paper describes the
habitat use of wild red deer for the parameters of foliage projective cover, slope, and aspect.
The habitat selection ratios (HSR) or ratios of used habitat units to available units for each
animal were analysed using the Design Il methods of Manly et al. (2002) for studies with

resources defined by several categories.

e Chapter 7 concludes this research with a general discussion, conclusions, and

recommendations from the research.

1.7 Overview

This research on the comparison of population estimation methods, home range and habitat use of
wild red deer fills a very important gap in the scientific knowledge of the ecology of this species in
the Australian setting. This increased knowledge will in turn help land owners, land managers and

policy makers make better decisions when managing red deer in Australia.
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Chapter 2 - Ecology of red deer and review of research methodology

Plate 2 Group of hinds in the Cressbrook Dam catchment reserve. (Photo G. Harry — October 2010)
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This literature review initially focuses on red deer in the Australian setting. It starts with their
introduction to Australia and then moves on to some biological and ecological information. The
literature review then looks at various population estimation methods. A review of pertinent home
range methods follows. The review concludes with a section on the methods for analysing habitat

selection.

2.1 Red Deer in Australia

2.1.1 Origin and Arrival in Australia

Red deer originated in Europe and Asia (Bentley 1998; Jesser 2005). They are found in the wild
from Great Britain in the west to Afghanistan and Tibet in the east and to a limited extent in North
Africa (Bentley 1998; Jesser 2005). Deer are not native to Australia, and red deer are one of six deer
species that have naturalised in the Australian bush (Bentley 1998; Jesser 2005). The other deer
species in Australia are Chital deer (Axis axis), Hog deer (Axis porcinus), Rusa deer (Cervus
timorensis), Sambar deer (Cervus unicolor) and Fallow deer (Dama dama) (Jesser 2005; Moriarty
2004). By number, red deer are estimated to be the third most abundant deer species in Australia
(Moriarty 2004).

It is unclear exactly when the first red deer arrived in Australia as many old documents have been
lost, but they were certainly in Victoria in 1860 (Bentley 1998). In April of that year Mr Thomas
Chirnside of Werribee Park, Victoria received six red deer as a gift from Prince Albert (Bentley
1998). More documented introductions of red deer in Victoria occurred in 1862 and 1888 (Bentley
1998). Following the first Victorian introduction, various acclimatisation societies tried to establish
red deer populations in Queensland, New South Wales, South Australia, and Western Australia
(Bentley 1998).

In Queensland, Queen Victoria presented six red deer to the Queensland Acclimatisation Society in
1873 (Bentley 1998; Roff 1960). This group, consisting of two stags (adult males) and four hinds
(adult females), was released at Cressbrook Station near Toogoolawah in the headwaters of the
Brisbane River Valley. Another release of red deer was made at the same site in 1874 (Bentley
1998; Roff 1960). Subsequent releases of red deer followed in the Brisbane River Valley, the upper
Mary Valley, and near Cunningham’s Gap on the Great Dividing Range (Searle 1981).
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2.1.2 Distribution

The current distribution of red deer in Australia is largely the result of early attempts at
acclimatisation plus releases and escapes from deer farms along with translocations by hunters
(Moriarty 2004). Red deer can be found in habitats varying from rainforest to grassland (Bentley
1998; Searle 1981). The red deer distribution in Australia mainly encompasses the south-east
corners of Queensland and South Australia, and the central and eastern sections of New South
Wales and Victoria (Moriarty 2004). This distribution is shown in Figure 2-1 adapted from
Moriarty (2004). The major Australian wild red deer herds are located in the Brisbane and Mary
River Valleys of south-eastern Queensland and the Grampian and Otway Ranges in Victoria and are
largely the result of early acclimatization attempts (Bentley 1998; Moriarty 2004). The south-
eastern Queensland herd is the largest in Australia and has been estimated at greater than 10,000
head by Moriarty (2004) and greater than 15,000 head by Dryden (2005). The south-eastern

Queensland herd contains approximately half of all Australian wild red deer (Moriarty 2004).
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Figure 2-1 Distribution and Abundance Red Deer in Australia in 2000 from Moriarty (2004)

2.1.3 Physical Description

Red deer are usually reddish brown in colour, but coat colour may vary from sandy to a dark brown
(Bentley 1998; Roff 1960; Searle 1981). Coat colour may also vary seasonally, with the thick long
winter coat being greyer compared to the short red summer coat (Bentley 1998). Red deer have a
distinctive creamy or straw coloured rump or caudal patch under their tail (Bentley 1998; Searle
1981). The combination of coat colour, rump colour, general body size and head shape make red
deer easily distinguishable from other deer established in Australia.
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Mature red deer stags stand approximately 120 cm at the shoulder, and may weigh as much as 180
kg according to Searle (1981), but usually weigh between 135 and 160 kg (Australian Deer
Association n.d.). Mature red deer hinds are not as large as the stags and usually stand
approximately 90 cm at the shoulder and weigh about 92 kg (Australian Deer Association n.d.). Red
deer young, called calves, are born with white spots that fade by six weeks to three months of age

(Australian Deer Association n.d.; Jesser 2005).

Whilst it is extremely rare for a red deer hind to grow antlers, red deer stags grow antlers that are
cast every year (Searle 1981). Antlers are composed of bone opposed to other ruminants with horns
that are keratin based (Finch 2003). The juvenile stag grows his first set of antlers at about eight
months of age and is referred to as a “spiker” (Searle 1981). These first antlers or spikes are usually
without any branching. The second set of antlers usually has two or three points on each antler, and
subsequent sets have more points depending on nutrition and seasonal condition (Searle 1981). In
Queensland it is usual for antlers to be cast in September-October and then regrown by January-
February (Searle 1981).

Red deer are adaptive to changing their diet with the vegetation and seasonal conditions they
encounter (Bentley 1998; Jesser 2005). Research in south-eastern Queensland suggests that red deer
browse more in winter when the grass is dry and of lower nutritional value, and graze more in
summer when the grass is rich and green (Finch 2000). The same research has confirmed that diet

changes in response to geographic location.

In other countries, red deer display a diurnal movement pattern (Mitchell et al. 1977). In south-
eastern Queensland red deer are crepuscular and nocturnal, being active in the early morning, late

afternoon and night and relatively inactive in the middle of the day (Finch 2003).

Red deer often congregate in groups that vary greatly in size, usually hinds with their young led by
a mature hind, and to a lesser extent stags and spikers roam in bachelor groups (Bentley 1998).

2.1.4 Reproduction
Red deer have a short breeding season called the rut or roar that occurs in Autumn for
approximately six weeks (Bentley 1998; Roff 1960; Searle 1981). The breeding season in Australia
is in March/April, approximately six months out of phase with European red deer (Bentley 1998).
During the rut the stags compete to establish mating groups with mature hinds (Bentley 1998;
Searle 1981). Stags challenge rival males with a loud roar and in most cases establish dominance at
a distance, but at times a roaring match may escalate into a fight (Bentley 1998; Roff 1960). The
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stag spends considerable energy keeping the harems together, challenging rivals, and mating,
leaving him little time to eat (Searle 1981). The result is that the stag loses a great deal of body
condition by the end of the rut.

Red deer hinds have an 18 day oestrous cycle and are seasonally poly-oestrus (Australian deer
farming manual 1993; Searle 1981). It is normal for the hinds to cycle 2 or 3 times during the rut
(Australian deer farming manual 1993; Searle 1981). The gestation period is approximately 231
days with calves born late November through December (Australian deer farming manual 1993;
Searle 1981). Weaning occurs by 8 months of age, although calves often stay with the hind until 12

to 15 months of age.

As with other ruminants, onset of sexual maturity is linked to body condition, mostly a result of
nutrition (Australian deer farming manual 1993; Searle 1981). Hinds may conceive at
approximately 16 months of age if conditions are favourable, but usually don’t conceive until 28
months of age (Australian deer farming manual 1993; Searle 1981). Stags may reach puberty as
early as 14 months of age (Australian deer farming manual 1993), but rarely have the ability and
body condition to control a mating group until much older, usually at about 5 years of age (Searle

1981). The seasonal behaviour of red deer in Queensland is shown in Figure 2-2.
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Figure 2-2 Seasonal Behaviour of Red Deer in South East Queensland (adapted from Roff 1960)
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2.2 Population Estimation Methods for Wild Red Deer
There are numerous methods used by wildlife biologists to estimate the actual or relative abundance
of wildlife populations. This review focusses on population estimation methods commonly used for

deer or ungulate species worldwide.

2.2.1 Distance Sampling

Distance sampling is a population estimation method by which an estimate of actual abundance is
obtained using either direct or indirect counts (Buckland et al. 2001). Distance sampling
methodology falls into two categories: line samples (strips) or point samples (Buckland et al. 2001).
Direct observation methods using line sampling include aerial surveys, vehicle surveys, and walked
surveys (Buckland et al. 2001). Line transect distance sampling is very useful for ungulate
population studies, particularly for deer species (Buckland et al. 2001). The walked line transect
method of distance sampling has been used for population estimates of red deer in southern Spain
(Acevedo et al. 2008), roe deer (Capreolus capreolus), muntjac (Muntiacus muntjac), red, fallow
and sika deer (Cervus nippon) in the United Kingdom (Gill et al. 1997), fallow and roe deer in Italy
(Focardi et al. 2013; Focardi et al. 2002a), chital, sambar deer and muntjac in southern India
(Jathanna et al. 2003), rusa deer in Indonesia (Ariefiandy et al. 2013) and white-tailed deer
(Odocoileus virginianus) in Mexico (Mandujano & Gallina 1995). Derivations have been used to

estimate fallow deer populations in Georgia, USA (Morse & Miller 2009).

To use the line transect method of distance sampling the observer records sightings of the target
animal or cluster of target animals as he or she traverses the transect (Buckland et al. 2001). Whilst
recording a sighting, the observer records the distance to the animal (usually obtained from a laser
rangefinder) and compass bearing to the animal (Buckland et al. 2001). This information is used to

later calculate the perpendicular distance of the animal to the transect line.

The data are then analysed using the computer software package Distance®© to yield an estimate of

density with associated statistical factors including error and variance (Thomas et al. 2009).

The distance sampling model has three fundamental underlying assumptions that must be fulfilled

to give a reliable density estimate (Buckland et al. 2001) as follows:

1. Objects directly on the line or point are always detected (i.e. they are detected with probability 1,
org(0) = 1).

2. Objects are detected at their initial location, prior to any movement in response to the observer.
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3. Distances (and angles where relevant) are measured accurately (ungrouped data) or objects are

correctly counted in the proper distance interval (grouped data).

One major advantage of using distance sampling methodology is that an estimate of absolute
abundance is obtained (Buckland et al. 2001). Another strength is that a probability of detection is
calculated, which is unique to this method (Thomas et al. 2009). Distance sampling is a statistically
powerful technique and performed the best at detecting changes in deer population densities in one
English study comparing a number of methods (Smart et al. 2004). This method is useful in
woodland and forest situations, although may be better suited to open forests more than dense
forests (Focardi et al. 2002a; Gill et al. 1997).

One disadvantage of this method is that a minimum number of target animals must be obtained
before the animal density can be estimated with any precision or accuracy (Buckland et al. 2001,
Jathanna et al. 2003). Therefore this method can be labour intensive particularly if the encounter
rate of target animals is low (Acevedo et al. 2008; Ariefiandy et al. 2013; Focardi et al. 2002a;
Jathanna et al. 2003). In low density populations, this method, although precise, may not yield the

desired accuracy, especially to detect yearly population density changes (Smart et al. 2004).

2.2.2 Spotlight Counts

Spotlight Counts are very commonly used to estimate or index deer populations (Acevedo et al.
2008; Belant & Seamans 2000; Collier et al. 2007; Focardi et al. 2001; Garel et al. 2010). Spotlight
counts can be conducted on foot or from a vehicle (Chiarello 1999; Fafarman & DeYoung 1986).
Spotlight counts are commonly used to provide an index of animal abundance such as a kilometric
abundance index (Acevedo et al. 2008). They have also been used to estimate actual abundance via
distance sampling or by working out the visible area of the spotlight transect (Fafarman &
DeYoung 1986; Morse & Miller 2009).

Spotlight counts are widely used because they are easy to conduct and inexpensive (Belant &
Seamans 2000; Collier et al. 2007). Deer species are easy to count with a spotlight because of their
bright eye reflection (Belant & Seamans 2000) as opposed to other ungulates such as wild boar
whose eyes do not reflect well (Focardi et al. 2001). Indices from spotlight counts can perform well
in certain environments when compared with other population estimation methods (Acevedo et al.
2008). Spotlighting with additional use of binoculars performed better in a comparison of animal

age and sex classification than thermal imaging in one study (Collier et al. 2007). Spotlighting has
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been used effectively to monitor red deer abundance in a long term study in north-eastern France
(Garel et al. 2010).

One main drawback of spotlight counts is that they do not account for changes in detection rate due
to habitat permeability, such as counting fewer animals due to longer grass in a high rainfall year
(Acevedo et al. 2008). Spotlight counts have been found in a number of studies to underestimate
deer numbers when compared to thermal imaging (Collier et al. 2007; Focardi et al. 2001) a method
by which a specialised camera collects the infrared radiation from the animal (Gregory 2005). Also,
one study showed that observer bias whilst spotlighting varied detection rates by as much as 30%
(Collier et al. 2007). This detection variability has led one author to question the usefulness of
spotlighting as a method for providing abundance information to land managers (Collier et al.
2013).

2.2.3 Aerial Surveys

Aerial surveys have been used to estimate deer populations in various places (Daniels 2006;
Fafarman & DeYoung 1986; Potvin & Breton 2005). Although current aerial surveys are often used
in thermal imaging studies (Daniels 2006; Gregory 2005; Naugle et al. 1996; Potvin & Breton
2005), this section will concentrate on visual aerial surveys. Most current aerial surveys of deer
have moved away from fixed wing aircraft and are using helicopters (Potvin & Breton 2005). These
surveys mainly use double count (mark-recapture) methodology on strip transects or line transect
distance sampling methodology (Potvin & Breton 2005). More recently double counting and
distance sampling methodology has been combined for helicopter surveys to utilise the strengths of
both methods (Fewster & Pople 2008).

Helicopter surveys have been shown to be useful and effective on deer (Daniels 2006; Potvin et al.
2004). Helicopter surveys can produce confidence intervals of £20% and are cost and time efficient
compared to some methods (Daniels 2006; Potvin et al. 2004). Unfortunately, helicopter survey
counts appear to be biased downwards, which may or may not be acceptable depending on the study
constraints (Fafarman & DeYoung 1986; Hone 2008; Potvin & Breton 2005). One main constraint
of using this method is that when the probability of sighting the target species is low the resulting
accuracy is also likely to be low, rendering this method not as useful for situations where vegetation

canopy cover is dense, or the population density of target species is sparse (Potvin & Breton 2005).

Page 14



2.2.4 Infra-Red Surveys (Thermal Imaging)

Thermal imaging has been used to estimate populations of deer species (Belant & Seamans 2000;
Collier et al. 2007; Collier et al. 2013; Daniels 2006; Focardi et al. 2001; Focardi et al. 2013; Franke
et al. 2012; Gill et al. 1997; Gregory 2005; Smart et al. 2004). Thermal infrared cameras detect
infrared radiation from an object and convert it into an image (Gregory 2005). The target species is
displayed as a different colour due to the temperature contrast with the background and an animal
may be observed that would otherwise be missed by the human eye (Sinclair et al. 2006). Thermal
infrared detectors may be used day or night as they do not rely on the visible spectrum of light
(Gregory 2005; Sinclair et al. 2006). This method works best when the infrared camera has a clear
view of the target species, such as in deciduous forest in winter when vegetation does not shield the
animal, and when the weather conditions allow a good temperature contrast with the target species,
such as in winter in cooler climates (Daniels 2006; Gregory 2005; Sinclair et al. 2006) or when
overcast (Franke et al. 2012). Thermal imaging is mainly vehicle or aircraft based (Franke et al.
2012; Gill et al. 1997; Gregory 2005) but with units getting smaller and cheaper is also used in
surveys whilst walking (Focardi et al. 2013).

Thermal imaging has been used to provide an index of abundance, and also to provide estimates of
absolute abundance via distance sampling or mark recapture methods (Focardi et al. 2001; Focardi
et al. 2013; Gill et al. 1997; Gregory 2005). Thermal imaging has been shown to yield more
detections of deer in comparison with spotlighting (Collier et al. 2013; Focardi et al. 2001) and the
walked line transect method of distance sampling (Gill et al. 1997). Thermal imaging may offer
good levels of precision when used with distance sampling protocols (Focardi et al. 2013; Gill et al.
1997; Smart et al. 2004).

Thermal imaging has proven to be time effective when compared to other methods (Daniels 2006;
Gill et al. 1997). However, thermal imaging is an expensive method due to high equipment cost
(Belant & Seamans 2000; Collier et al. 2007; Focardi et al. 2001; Gill et al. 1997; Smart et al.
2004). This cost may be acceptable, however, when averaged over the life of the study (Focardi et
al. 2013).

2.2.5 Faecal Pellet Counts

Faecal pellet counts have been used extensively to provide population estimates of deer species

(Acevedo et al. 2008; Alves et al. 2013; Ariefiandy et al. 2013; Batcheler 1975; Brodie 2006;

Campbell et al. 2004; Forsyth et al. 2007; Smart et al. 2004). Faecal pellet counts are especially

useful in forested areas where direct counts are much harder (Acevedo et al. 2008; Forsyth 2005b;
Page 15



Jenkins & Manly 2008). Like other population estimation methods, faecal pellet counts can be
impacted by observer bias or error (Daniels 2006; Jenkins & Manly 2008). Because they are an
indirect method of counting, faecal pellet counts do not provide information on population structure
such as age and sex ratios (Daniels 2006). Faecal pellet counts appear to fall into three main
categories according to methodology: (1) Faecal Standing Crop, (2) Faecal Accumulation Rate, and
(3) Faecal Pellet Index.

2.2.5.1 Faecal Standing Crop

The Faecal Standing Crop (FSC) method requires estimates of three parameters: (1) the density of
faecal pellets in the study area, (2) the decomposition rate of the faecal pellets, and (3) the
defecation rate of the animal studied (Campbell et al. 2004; Smart et al. 2004). If these criteria can
be met, the method can be used to estimate the actual abundance of the animal in the study area
(Campbell et al. 2004; McClean et al. 1998; Smart et al. 2004; Sullivan et al. 2004).

Observers generally sample narrow strips, counting all the faecal pellets in that strip to derive a
density of faecal pellets in the area (Marques et al. 2001). When counting pellets in narrow strip
transects, bias can occur if large pellet groups occur spread over the edge of the strip, as some
observers may count that group and others not (Marques et al. 2001). Distance sampling techniques
have been utilised in the FSC method to overcome this problem with the additional benefits that the
counting of all pellets away from the centre line is not as critical, and a wider strip can be utilised
(Marques et al. 2001).

Generally, the FSC method appears to require less labour than the Faecal Accumulation Rate (FAR)
method and hence may be more efficient (Campbell et al. 2004; Marques et al. 2001; Smart et al.
2004). Also, it has been suggested that the FSC method is more precise than the FAR method
(Campbell et al. 2004; Marques et al. 2001).

The main drawbacks associated with the FSC method revolve around meeting the assumptions of
the defecation rate of the animal and decomposition rate of the faecal material (Forsyth 2005b;
Forsyth et al. 2007; Marques et al. 2001). Ideally defecation rates of wild animals in their natural
environment should be used, but as this is problematic, data from captive animals are used (Forsyth
2005b; Marques et al. 2001). Also, daily defecation rates may vary seasonally with forage
availability and quality and among animals (Marques et al. 2001). Results may be further biased as

often defecation rates from animals in other locations are used (Forsyth 2005b).

Page 16



Estimating the decomposition rate of the faecal pellets is also a potential source for bias (Forsyth
2005b; Marques et al. 2001). Faecal pellet decomposition varies with habitat and season (Brodie
2006; Jenkins & Manly 2008). Ideally, fresh faecal pellets should be identified and monitored at the
study site in the months preceding the faecal pellet count to make the decomposition rate as
accurate as possible (Marques et al. 2001). Unfortunately, local monitoring of faecal pellet

decomposition has potential to add greatly to the expense of this method (Campbell et al. 2004).

2.2.5.2 Faecal Accumulation Rate

The Faecal Accumulation Rate (FAR) method of faecal pellet counting measures the rate of pellet
group accumulation between two points in time (Campbell et al. 2004; Smart et al. 2004). The strips
or plots to be counted are either first cleared of all faecal material, or accurate measures are made
from reference markers to all faecal pellet groups. The plots are then counted for any new faecal
pellet groups a subsequent time. To derive an estimate of absolute abundance from this method, an
assumption as to the defecation rate of the animal must be made similar to in the FSC method.

The FAR method has been shown in one study to be less prone to bias than the FSC method
(Campbell et al. 2004) and more efficient at high densities (Alves et al. 2013). However, other
studies concluded that this method requires more labour input (Campbell et al. 2004; Marques et al.
2001; Smart et al. 2004) although researchers often don’t include labour input to determine faecal
decomposition rate for the FSC method (Campbell et al. 2004). This method may also be affected
more by seasonal conditions such as heavy or wet season rain between counts (Mandujano &
Gallina 1995). In a recent study, the FAR method performed precisely and reliably and was cost

effective compared to remote cameras and infrared survey (deCalesta 2013).

Like the FSC method, assumptions regarding the defecation rate of the animal are crucial to the
successful utilization of the FAR method (Mandujano & Gallina 1995). If the defecation rate cannot
be obtained locally, then a potential source of bias exists (Forsyth 2005b; Mandujano & Gallina
1995). Like the FSC method, the FAR method is also subject to variability due to observer bias
(Jenkins & Manly 2008).

2.2.5.3 Faecal Pellet Index

The Faecal Pellet Index (FPI) method of faecal pellet counting produces an index of relative

abundance rather than an estimate of absolute abundance (Acevedo et al. 2008; Forsyth 2005b;

Forsyth et al. 2007). The methodology varies, but basically a representative number of strips or
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plots are surveyed to count all the individual faecal pellets and/or pellet groups (Acevedo et al.
2008; Forsyth 2005b; Forsyth et al. 2007). A number of researchers have shown that there is a
positive and linear relationship between faecal pellet abundance and red deer abundance, justifying
the use of this method as a population monitoring technique (Acevedo et al. 2008; Forsyth et al.
2007).

The main advantage of using the FP1 method is that it does not rely on assumptions for deer
defecation rates (Forsyth 2005b). Another advantage is that the researcher does not have to spend
time working out faecal pellet decay rates (Acevedo et al. 2008; Forsyth 2005b). For these reasons
this method should theoretically be more cost effective than the other faecal pellet counting

methods.

Unfortunately the FP1 method only provides an index of abundance, so it cannot be used where
management requires estimates of absolute abundance (Acevedo et al. 2008; Forsyth 2005b;
Forsyth et al. 2007). However, indices of abundance may be useful for local management of
animals, as Acevedo (2008 p. 38) maintains that “...most abundance indices in red deer are used for
(1) management at a local scale (i.e. a few thousand hectares); (2) middle to low-density
populations (<30 ind/100 ha); (3) forested areas.”

Like the other faecal pellet count methods, the FP1 method may suffer from observer bias (Forsyth
2005b; Jenkins & Manly 2008). It also may still be more labour intensive than other methods
(Daniels 2006), although it was shown to use half the labour of distance sampling in one recent
study (Ariefiandy et al. 2013).

2.2.6 Passive Activity Index (Soil Plots)

The soil plot or track plot method is an indirect method of collecting population data that provides
an estimate of relative abundance (Allen et al. 1996; Engeman et al. 2000; Kuijper et al. 2009, Lyra-
Jorge et al. 2008, Mandujano & Gallina 1995, Weckerly and Ricca 2000). In this method a defined
area (plot) of soil is prepared by working the soil with a rake-hoe, steel garden rake or similar so
that it is fine enough to show animal tracks which are observed after a given time, usually the next
day (Allen et al. 1996; Engeman et al. 2000; Kuijper et al. 2009, Mandujano & Gallina 1995).
These soil plots are often located on vehicle tracks for ease of use by the observer, and also because
wild canids and other animals often use vehicle tracks (Allen et al. 1996; Engeman et al. 2000;
Engeman et al. 2002; Mandujano & Gallina 1995).
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Various derivations of the soil plot method have been used worldwide and studies including deer
species have been conducted in North America, South America, Europe and India (Allen et al.
1996; Bali et al. 2007, Engeman et al. 2000; Kuijper et al. 2009, Lyra-Jorge et al. 2008, Mandujano
& Gallina 1995, Weckerly and Ricca 2000). In Australia, one derivation of this method, the Passive
Activity Index (PAI), was adapted to obtain data on dingo (Canis lupus dingo) populations (Allen et
al. 1996). Since then animals that have been successfully monitored in Australia using the same
methodology include dingoes, Macropods (Macropodidae), feral cats (Felis catus), and feral pigs
(Sus scrofa) (Engeman & Allen 2000). The same methodology has also been used in Texas, U.S.A.
to monitor populations of coyote (Canis latrans), bobcat (Felis rufus), white-tailed deer, javelina

(Tayassu tajacu), and feral pigs (Engeman & Allen 2000).

One positive aspect of the PAI method is the ability to detect multiple species simultaneously
(Engeman & Allen 2000; Engeman et al. 2002). The method is easy to use and is sensitive to
changes in population numbers (Allen et al. 1996; Engeman et al. 2002). Individual PAI studies on
average only need to run for 4 consecutive days to get a population sample in time, and sometimes

adequate data can be obtained in as little as 2 days (Engeman & Allen 2000).

As with many other methods, the PAI method is subject to observer bias (Engeman et al. 2000,
Weckerly and Ricca 2000). Also, the method is susceptible to poor weather such as high wind or
heavy rain making the animal tracks unreadable (Allen et al. 1996; Engeman et al. 2000, Kuijper et
al. 2009). At times the detection of the exact number of multiple animal entries onto a plot can be
problematic if the tracks cross over each other or follow the same line (Allen et al. 1996; Engeman
et al. 2000). Also, soil plots are best suited to lightly used vehicle tracks, as excessive vehicle
movements or even movements of livestock can make them unreadable (Allen et al. 1996; Engeman
et al. 2000; Engeman et al. 2002).

2.2.7 Remote Camera Surveys

The use of remote infrared triggered cameras is a recent development for monitoring wildlife
populations (Jacobson et al. 1997; Koerth et al. 1997). Remote cameras have been utilised
successfully in a number of wildlife studies around the world on a variety of species (Dougherty &
Bowman 2012; Jacobson et al. 1997; Koerth et al. 1997; Larrucea et al. 2007; Marker et al. 2008;
Roberts et al. 2006; Rowcliffe et al. 2008; Vine et al. 2009; Winarni et al. 2004). White-tailed deer
appear to be the main deer species studied using this method (Jacobson et al. 1997; Koerth et al.
1997; McCoy et al. 2011; Roberts et al. 2006).

Page 19



Remote cameras may be used to provide a relative index of abundance or an absolute estimate of
abundance depending on method used (Jacobson et al. 1997; Koerth et al. 1997; Rowcliffe et al.
2008). Most camera studies use a variation of a Lincoln-Petersen Mark/Recapture estimate or a
variation of the camera estimate developed by Jacobson et al. (1997) to estimate the absolute
abundance of an animal (Dougherty & Bowman 2012; Jacobson et al. 1997; Koerth et al. 1997;
Larrucea et al. 2007; Marker et al. 2008; Roberts et al. 2006). These studies rely on the recognition
of some individual animals by characteristics such as antler growth, coat colour, body size, etc. or
by an individual identifying item applied during actual animal capture such as a radio collar or ear
tag (Dougherty & Bowman 2012; Jacobson et al. 1997; Koerth et al. 1997; Larrucea et al. 2007,
Marker et al. 2008; Roberts et al. 2006). In contrast, one camera study has proposed a model of
estimating absolute abundance for animals without any uniquely identifying characteristics which is
based on trapping rates alone (Rowcliffe et al. 2008). The Jacobson et al. (1997) method does not
provide methodologies for generating measures of uncertainty for parameter estimates, but these

have since been developed by Weckel et al. (2011).

The minimum time that cameras should be left in place may need to be determined at the study site
(Jacobson et al. 1997). There is also a minimum density of cameras required to gain reasonable
accuracy that may vary with study site and species (Jacobson et al. 1997). Most of the camera
studies of deer involve the use of bait stations (Dougherty & Bowman 2012; Jacobson et al. 1997;
Koerth et al. 1997), however, this may introduce biased population estimates (Jacobson et al. 1997;
McCoy et al. 2011).

Using remote cameras may be more informative than other methods. Cameras may produce
information regarding population structure or habitat preference that is not forthcoming with a
faecal pellet count or a passive soil plot survey (Jacobson et al. 1997; McCoy et al. 2011). The use
of cameras may be time and cost-effective (Jacobson et al. 1997; McCoy et al. 2011; Roberts et al.
2006) although the time spent analysing multitudes of photographs is not often included in studies.
Cameras are especially useful in forested areas where other survey methods are hampered by poor
animal visibility (Jacobson et al. 1997; Koerth et al. 1997; McCoy et al. 2011; Roberts et al. 2006).
Cameras may also provide more information than other methods where the animal is shy or cryptic
in behaviour (Larrucea et al. 2007; Vine et al. 2009; Winarni et al. 2004).

A disadvantage of using cameras to estimate absolute abundance is that a number of animals must
be marked or uniquely identifiable (Dougherty & Bowman 2012). The assumptions of equal

detectability and closed populations are not likely met if mark/recapture techniques are used
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(Jacobson et al. 1997; Sinclair et al. 2006). Another disadvantage of camera studies is the potential

for extremely large numbers of photographs that need to analysed (Jacobson et al. 1997).

2.2.8 Population Manipulation Indices

There are a number of population estimation methods that are useful if the target population is to be
exploited or manipulated in some way including population reconstruction methods, the change in
ratio method and the index-manipulation index method (Baxter et al. 2008; Millspaugh et al. 2009,
Sinclair et al. 2006).

2.2.8.1 Population reconstruction methods

There are a number of variations of population reconstruction methods for harvested populations
that include the sex-age-kill (SAK) method (Millspaugh et al. 2009, Skalski & Millspaugh 2002),
the Lang and Wood (1976) Pennsylvania method and the Downing (1980) reconstruction method.
These methods are widely used by state agencies in North America to monitor deer, especially
white-tailed deer, as well as other species (Millspaugh et al. 2009). The reconstruction methods use
harvest data such as sex and age (or age class) to estimate the population size before the harvest
(Downing 1980, Lang & Wood 1976, Skalski & Millspaugh 2002). Depending on the method
additional estimates of parameters such as the adult sex ratio, fawn/doe ratio, annual survival, and

the harvest mortality rate may be required (Skalski & Millspaugh 2002).

Population reconstruction methods are popular because the data utilised are routinely collected by
the relevant agencies as part of their licensing/harvest system (Skalski & Millspaugh 2002).
Potential sources of bias that could affect performance of these methods are changes in hunting
effort/success, inaccurate reporting of age, and inaccurate estimates of sex and adult/juvenile ratios
(Downing 1980, Lang & Wood 1976, Skalski & Millspaugh 2002). Millspaugh et al. (2009) have
also reported that the SAK method is sensitive to violation of the assumptions of a stable age

distribution and a stationary population.

2.2.8.2 Change in Ratio Method

The change in ratio method is useful if there are two classes of animals that can be reliably
identified in the target population such as male and female (Sinclair et al. 2006). First a population
index survey is conducted yielding numbers for both classes of the animal. Then a population
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manipulation is applied, either an increase or decrease of one of the animal classes. Finally, another
population index survey is conducted for both classes of the animal. The overall size of the
population before the manipulation occurred can then be estimated. There is an assumption with
this method that the population is closed apart from the population manipulation, so it is normally

conducted over a short time period.

This method has been trialled on white-tailed deer with positive results (Conner et al. 1986). It was
estimated that this method works best where the ratio of the animal class to be manipulated forms a
much smaller percentage of the overall population than the other class (Conner et al. 1986). Conner
et al. (1986) predicted that the sample size and hence sampling effort to obtain a reasonable
population estimate using this method would vary with the openness of the habitat and the deer

density, being much easier in an open habitat with high deer density.

2.2.8.3 Index Manipulation Index

The index-manipulation index method is another method for calculating the size of a population
when the population is to be manipulated (Sinclair et al. 2006). This method is particularly useful if
the population is being exploited in the form of some sort of harvest or removal. The index-
manipulation method also requires a pre- and post-manipulation population indices survey similar
to the change in ratio method, but it is not segregated into classes such as male and female. The size
of the change in the ratio between the indices from before and after the manipulation can then be
combined with actual numbers from the population manipulation to gain an estimate of overall
abundance. This method also has an assumption that the target animal population is closed, so is
conducted over a short time. No peer-reviewed journal articles could be obtained which use this
method to estimate deer numbers although it has been used on goats in Australia (Pople et al. 1998).
However, this method has previously been utilised to estimate wild red deer numbers in the

Cressbrook Cam catchment reserve (Finch 2003).

2.2.9 Selection of Methods

The four methods chosen for estimating the abundance or indices of abundance of red deer at
Cressbrook Dam were: Distance Sampling (Walked Line Transects), Aerial Survey (Mark
Recapture Distance Sampling), Spotlight Survey, and Faecal Pellet Index. Distance sampling was
chosen due to worldwide use on a number of animal species including ungulates, the forested
environment on much of the research site, the expected high density of deer at the research site, and
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the available labour on the research project. Aerial survey was chosen for similar reasons to
distance sampling, although it wasn’t expected to need much labour input. In addition, aerial survey
is already the accepted method in Queensland for estimating broadscale Macropod abundance.
Spotlighting was chosen because of its widespread use on deer species, its simplicity and ease of
use and due to the fact that Toowoomba Regional Council had records of a spotlight survey from
previous years for comparison. The faecal pellet index was chosen due to its positive and linear
relationship with red deer abundance in New Zealand (Forsyth et al. 2007), its application for use in

a forested environment, and due to the available labour.

Remote cameras were not chosen due to lack of time and because they were already being trialled
on site by an Honours student (S. Chinook). Infrared thermal surveys were not chosen due to initial
cost of purchase. Soil plots were not chosen because they are not reportedly widely used on deer.
Population manipulation indices were not chosen as there was no deer cull included in the scope of

the research.

2.3 Home Range of Wild Red Deer

Home range is an area which an animal often moves within during its daily activities (Burt 1943).

Home range has been defined by Burt (1943, p. 351) as “...that area traversed by the individual in
its normal activities of food gathering, mating, and caring for young. Occasional sallies outside the
area, perhaps exploratory in nature, should not be considered as in part of the home range.” Home

ranges for animals have been described by various mathematical formulas and geometric shapes,

and Mohr (1947) cemented the concept of a minimum home range.

According to Rodgers and Kie (2011, p. 1) models for estimating home range from point location
data fall into four categories: “...minimum convex polygons, bivariate normal models (Jennrich-
Turner estimator, weighted bivariate normal estimator, multiple ellipses, Dunn estimator),
nonparametric models (grid cell counts, Fourier series smoothing, harmonic mean), and contouring
models (peeled polygons, kernel methods, hierarchical incremental cluster analysis).” Each model

gives a different view of what the home range might look like (Girard et al. 2002).

Formerly, the most commonly used of these home range estimators was the Minimum Convex
Polygon (MCP) (Girard et al. 2002; Seaman et al. 1999). A disadvantage of this method is that it is
impacted by sample size, and may underestimate or overestimate home range (Girard et al. 2002;
Jerina 2009; Morse et al. 2009; Seaman et al. 1999). However the minimum convex polygon can
provide important information to researchers (Girard et al. 2002). Nearly all the foundational home
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range studies of red deer used the MCP method (Catt & Staines 1987; Clutton-Brock et al. 1982;
Georgii 1980; Jeppesen 1987a), so it remains important — especially for comparison purposes.

Variations of the kernel method are also widely used to estimate home range (Girard et al. 2002;
Rodgers & Kie 2011; Seaman et al. 1999). Some authors advocate the use of kernel methods as
having the closest correspondence between the animals home range and the location data (Girard et
al. 2002; Seaman et al. 1999). However, kernel methods may also have bias relating to sample size
and location data distribution (Girard et al. 2002; Seaman et al. 1999). To use the kernel method the
researcher must choose a smoothing parameter or reference bandwidth (Kie et al. 2010). Kernel
methods have been used on deer species including recent home range studies of red deer (Bocci et
al. 2010; Jerina 2012)

More recent methods for estimating home range include the Brownian bridge movement model
(BBMM) (Horne et al. 2007), the potential path area (PPA) (Long & Nelson 2012), alpha hulls
(Burgman & Fox 2003) and the local convex hull method (LoCoH) (Getz & Wilmers 2004). All of
these methods are well suited to home range estimation of GPS data (Burgman & Fox 2003; Getz &
Wilmers 2004; Horne et al. 2007; Long & Nelson 2012). The BBMM and PPA methods rely on the
time between data points as part of their calculation (Horne et al. 2007; Long & Nelson 2012)
whereas the alpha hull and LoCoH methods are both based on derivations of the use of convex hulls
(Burgman & Fox 2003; Getz & Wilmers 2004). Of particular interest for use at Cressbrook Dam,
the LoCoH method has been reported to be very good at calculating home range areas where there

are distinct boundaries that limit animal access (Getz & Wilmers 2004).

For some estimation methods, the frequency of data collection is important in minimising bias in
home range estimation (Girard et al. 2002), especially using VHF tracking techniques. A minimum
of 30 locations and preferably >50 locations are needed to construct a home range (Seaman et al.
1999). Girard et al. (2002) found that a minimum of 1 location every 3 days and preferably 1
location/day were needed to minimise bias in estimating seasonal and yearly home ranges for
Moose (Alces alces). However, low sampling rates and sparse data are not a problem with GPS
tracking collars. In fact, the higher rates of collection of GPS tracking collars can lead to
autocorrelation problems (Fieberg et al. 2010), especially for methods such as the kernel method.
Collecting data from representative time periods throughout the day should be factored into
sampling as one researcher found that there was a significant difference in the size and composition
of the home range of red deer when comparing diurnal only data with data collected over the full 24
hours (Jerina 2009).

Page 24



GPS collars purchased for the project recorded a location every 90 minutes. This gave sufficient
data to compare different times of the day but still have a reasonable battery life (~2 years). The
LoCoH estimator was chosen as the best method to gain annual and seasonal home range estimates
due to the sharp geographic boundaries of the water bodies at the study site. Also, autocorrelation is
not an issue with this method (Getz & Wilmers 2004). The MCP and a kernel method were also
chosen to provide estimates of annual home range to compare with results from prior research on

red deer.

2.4 Habitat Selection of Wild Red Deer

Habitat selection according to Girard et al. (2006, p. 1249) “...is one of the most studied aspects of
behavioural ecology”. The habitat selection of a species is important to land managers trying to
manage the land resources available to the species (Girard et al. 2006). Habitat selection studies
usually compare resource use and resource availability in a given time period (Thomas & Taylor
1990), but could also compare resource non-use with either use or availability (Manly et al. 2002).
This resource use may be affected by resource quality, resource quantity, social behaviour, predator
activity and human disturbance (Jerina 2009; Morse et al. 2009; Sinclair et al. 2006). Habitat
selection may vary for the time of the day and/or the season or year (Girard et al. 2006; Jerina 2009;
Morse et al. 2009).

Habitat selection studies usually take the form of a resource selection function (RSF) (Manly et al.
2002). The RSF is a statistical model where resource units are first measured for use or non-use and
availability. The measurements are incorporated in the model to predict a value for each resource

unit that is proportional to the probability of use.

For habitat selection there is a minimum number of animals that must be studied to conduct proper
statistical analysis (Aebischer et al. 1993; Girard et al. 2006). Aebischer et al. (1993) recommended
a minimum of 10 animals be used, and Girard et al. (2006) recommended a minimum of 12 animals.
The number of locations for each animal determines the accuracy of the analysis, and for radio-
collared animals this is determined by the tracking schedule (Aebischer et al. 1993; Girard et al.
2006). On a home range scale, a tracking schedule of 1 per week for moose yielded beneficial data
(Girard et al. 2006). However, tracking schedules should be constructed to give an unbiased
representation of the animals movements in regards to habitat selection (Aebischer et al. 1993), and
many studies up to date have collected daytime data only, at the expense of understanding night

time habitat selection (Jerina 2009).
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Habitat studies estimating both the available and utilized resources have been classified into the
following three designs by Thomas and Taylor (1990): design-1 studies estimate available and used
resources for all animals in the defined study area, design-2 studies estimate the available resources
in the whole study area, but the utilized resources according to the individual animals, while design-
3 studies estimate both the utilized and available resources according to each individual animal.
Erickson et al. (2001) have since added design-4 studies where use and availability measures are
paired for each use (location point). With the advent of GPS tracking collars, most recent habitat
selection studies have used the individual animal as the sampling unit in design 3 studies, and
conducted spatial analysis using a Geographic Information Systems (GIS) program with the
resources available defined by the individual animal’s home range (Girard et al. 2006; Jerina 2009;
Morse et al. 2009; Rodgers & Kie 2011).

Common assumptions of habitat use studies based on resource selection functions include: 1.
Marked animals are a random sample of the population, 2. Locations are independent in time
(depending on the type of analyses conducted), 3. Marked animals select resources independently of
each other, 4. Availability of resources does not vary during the study, and 5. Resources are
classified correctly (Erickson et al. 2001; Manly et al. 2002).

Numerous statistical tests for analysing the availability and use (or non-use) of resources have been
utilised including chi-squared tests for goodness-of-fit, compositional analysis, logistic regression,
discrete-choice models, generalized linear mixed-models, movement-based models and other
methods (Fieberg et al. 2010; Manly et al. 2002; Thomas & Taylor 2006). McClean et al. (1998)
noted the difficulty faced by ecologists when choosing a method for analysis when there are so
many to choose from. Manly et al. (2002 p. 14) described this choice as “complex and sometimes

controversial”.

Logistic regression and compositional analysis appear to be popular methods of habitat analysis
(Thomas & Taylor 2006). Goodness of fit tests are still being used although they appear to be less
popular now with so many other methods available (McClean et al. 1998; Thomas & Taylor 2006).
Although logistic regression is a popular method, dealing with correlation in location points can be
problematic (Fieberg et al. 2010). Also, compositional analysis was not recommended by Thomas
and Taylor (2006) because of high type | error rates reported for this method. The chi-squared
goodness of fit test as described by Manly et al. (2002) is easily understood, and well suited to data

in categories, so was chosen for analysis of the data for this research.
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2.5 Summary

Red deer have been in Australia for over 150 years and have established wild populations. There is
little peer-reviewed research on wild red deer in Australia. The Cressbrook Dam catchment reserve
is contained within the area containing the south-eastern Queensland wild red deer herd — the
largest population of red deer in Australia. Four population estimation methods were identified for
use in this research: distance sampling, aerial survey, spotlighting and faecal pellet counts. The
LocoH method was identified as being useful for estimating home range in areas with sharp
geographic boundaries so would be suitable for estimating home range around the Cressbrook Dam
foreshore. The chi-squared goodness of fit test was identified as a method suited to analyse the
habitat preferences of red deer when habitat data are in categories. These methods were all
implemented in this research project to improve the general knowledge and understanding of wild

red deer in the Australian context.
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Chapter 3 - Cressbrook Dam Catchment Reserve - The Study Site

Plate 3 Don Baxter leaning on a rub tree in the Cressbrook Dam catchment reserve. (Photo M. Amos —
September 2011)
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This research was conducted in the catchment reserve surrounding Cressbrook Dam. This chapter
contains a description of the study site including location, elevation, climate, vegetation and large

animal species.

3.1 Location, Area, and Use

Cressbrook Dam is located approximately 55 km north-east of Toowoomba in south-eastern
Queensland at latitude 27.258° S longitude 152.195° E (see Figure 4-1 on page 35). Cressbrook
Dam and surrounding catchment reserve is managed by the Toowoomba Regional Council (TRC)
and comprises approximately 4,893 ha (M McDermid 2011 pers. comm., 14 June). Apart from
being major water supplies for Toowoomba, Cressbrook Dam and adjoining Perseverance Dam
form very important recreation areas for the general public with facilities to picnic, camp, fish, boat,

sail and bushwalk.

3.2 Elevation

Cressbrook Dam is located in part of the mountain chain that forms the Great Dividing Range of
eastern Australia and varies greatly in elevation. Adjoining Cressbrook Dam is Mount Jockey at
607 metres above sea level, over 300 metres higher than the water in the dam. The dam spillway
height is at 280 metres above sea level, and the water in the dam when full is a maximum of 34

metres deep (Toowoomba Regional Council 2009).

3.3 Climate

Cressbrook Dam is located in the warm/humid zone of subtropical Australia (Australian Bureau of
Meteorology 2012). There are no official temperature records for Cressbrook Dam, but the mean
minimum overnight temperatures for nearby Toowoomba range from 5.3°C in July to 16.7°C in
January, while the mean daily maximum temperatures range from to 16.3°C in July 27.6°C in
January (Australian Bureau of Meteorology 2007). The mean annual rainfall at Cressbrook Dam
from 1990 to present is 740.6 mm, but the longer term average could possibly be higher as at nearby
Lake Perseverance rainfall records from 1971 show a mean annual rainfall of 836.3mm (Australian
Bureau of Meteorology 2014). On average 60% of the rain falls between November and March

(Australian Bureau of Meteorology 2014).
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3.4 Vegetation

The Cressbrook Dam catchment has two main vegetation types: open grassland with gullies and
rolling hills and dry sclerophyll forest with much steeper gullies, hills and mountains. Of the 4,893
ha of land managed by TRC, approximately 82% (4,016 ha) is dry sclerophyll forest (M McDermid
2011 pers. comm., 14 June). In 2009 approximately 15% (730 ha) was open grassland (M
McDermid 2011 pers. comm.). This reduced to approximately 7% (352 ha) in early 2011 when the
dam filled from heavy rains (M McDermid 2011 pers. comm.). Conversely, the dam water level
covered approximately 3% of the total area in 2009, but this increased to nearly 11% (526 ha) in
early 2011 (M McDermid 2011 pers. comm.) (see Figure 4-1 on page 35). Wild red deer densities
were estimated to be high in the open grasslands and low in the dry sclerophyll forest, varying with
the vegetation type present (Amos 2010).

3.4.1 Open Grassland

Dominant ground cover in the open grassland consists of Rhodes grass (Chloris gayana.), Blady
grass (Imperata cylindrica), Speargrass (Stipa sp.), Pili grass (Heteropogon contortus), Bracken
Fern (Pteridium sp.), Lantana (Lantana camara), Guinea Grass (Megathyrsus maximus),
Broomsedge (Andropogon virginicus), New Holland Daisy (Vittadinia dissecta), Stinking
Pennywort (Hydrocotyle laxiflora), Weeping grass (Microlaena stipoides), Native Geranium
(Geranium solanderi), Blue Heliotrope (Heliotropum amplexicaule), Spiked Sida (Sida
hackettiana), Mint Vine (Mentha diemenica), Many-flowered Mat-rush (Lomandra multiflora),
Milkweed (Asclepias sp.), and Purple Verbena (Verbena sp.). Some common weeds in this area
include Scotch Thistle (Onopordum acanthium), Balloon Cottonbush (Gomphocarpus sp.), and
Fleabane (Conyza bonariensis). The dominant mature tree species in the open grassland is Narrow-
leaved Ironbark (Eucalyptus crebra), which also occurs in a juvenile regrowth form along with
Moreton Bay Ash (Corymbia tessellaris), Crab Apple (Angophora sp.) and Pink Bloodwood
(Corymbia intermedia) as dominant regrowth species. In the creek lines of the open grassland there
are many She-Oaks (Allocasuarina sp.), Fig trees (Ficus sp.), Bottlebrush (Callistemon sp). and
Crab Apples (Angophora sp.). A photograph typical of the open grassland is shown in Plate 4 on
page 31.
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Plate 4 Typical Open Grassland in the Cressbrook Dam catchment reserve. (Photo M. Amos — May
2010)

Plate 5 Typical Dry Sclerophyll Forest Vegetation in the Cressbrook Dam catchment reserve. (Photo
P. Murray — March 2009)
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3.4.2 Dry Sclerophyll Forest

Typical dominant groundcover vegetation in the dry sclerophyll forest area is made up of Lantana,
Kangaroo grass (Themeda triandra), Speargrass, Blady grass, Wiregrass (Aristida sp.), Yellow
Buttons (Chrysocephalum apiculatum), Common prostrate vine (Rostellularia adscendens) and
prickly pear (Opuntia sp.). Typical tree species include Blue Gum (Eucalyptus tereticornis), Brush
Box (Lophostemon confertus), Pink Bloodwood, Grey Gum (Eucalyptus punctata), Narrow-leaved
Ironbark and Moreton Bay Ash. A photograph typical of the dry sclerophyll forest is shown in Plate
5 on page 31.

3.5 Red Deer at Cressbrook Dam

A relatively recent study has shown the red deer in the Cressbrook Dam catchment reserve to be in
“excellent physical condition” (Finch 2003). Deer in that study showed little or no evidence of
internal or external parasites (Finch 2003). The only potential predators of wild red deer present at
this site other than humans are dingoes or wild dogs, and to a lesser degree Wedge-tailed eagles
(Aquila audax) (Finch 2003) although Bentley (1998) maintained there are no predators of deer in

Australia.

Cressbrook Dam is approximately 35 km from Cressbrook Station, the original release site of red
deer in Queensland, and is certainly within the historic range of wild red deer described by Roff
(1960). The densities of wild red deer in this area are suggested at 1 deer to 35 — 45 hectares
(Dryden 2005). In contrast, Finch (2003) estimated that there were likely more than 1,000 deer in
the Cressbrook Dam catchment reserve, a density of perhaps 1 deer to 5 hectares. However this
research was based on a study of 8% of the catchment reserve with the results extrapolated to the
whole site and Finch ((2003, p. 22) warned that “Extreme caution should be exercised when using

this figure, however, as extrapolations of this kind without further sampling are inaccurate.”

3.6  Other Species

Apart from red deer, there are other large terrestrial vertebrates in the Cressbrook Dam catchment
including Eastern Grey Kangaroos (Macropus giganteus), Whip-tailed Wallabies (M. parryi), Red-
necked Wallabies (M. rufogresius), Swamp Wallabies (Wallabia bicolor), Feral Pigs (Sus scrofa),

Dingoes (Canis lupus dingo), and Cattle (Bos taurus).
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Chapter 4 - Population Estimation Methods
Chapter 4 comprises the paper “I just want to count them! Considerations when choosing a deer
population monitoring method.” by Amos, M., Baxter, G., Finch, N., Lisle, A., and Murray, P.
2014. Wildlife Biology, vol. 20, no. 6, pp. 362-70 (http://www.wildlifebiology.org/)

Plate 6 Mike Brennan and Glen Harry (standing) counting faecal pellets in the Cressbrook Dam
catchment reserve. (Photo M. Amos — September 2010)
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“] 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.aun), N. Finch, A. Lisle and P Murray, School of Agriculture and Food Sciences, The Univ. of
Queensland, Gatton QLD 4343, Australia. — G. Baxter, School of Geography, Planning and Environmental Management, The Univ. of
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Effective 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. The 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. The coefficient 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 effective method will be site
specific 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 classified 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. They then had no legal status until 2009 when
they were declared pests. The 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).

Effective 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. 20006).

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, Ariefiandy 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, Ariefiandy 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 different 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.
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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,
finance and equipment) we chose distance sampling, acrial
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

This 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.). The 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
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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 filled 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 flourished 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. Thus
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.

Kilometers

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.
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Ethics approval

This research had The 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, Ariefiandy 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 rangefinder 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='. 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.

There 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. Al). Transects were located
far enough apart to avoid the possibility of double count-
ing or flushing 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 (Thomas
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. The 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
Thomas et al. (2010). The selection of the best model and
adjustment term were based on Akaike’s information cri-
terion (AIC), goodness of fit, and visual inspection of the
histogram (Buckland et al. 2001). Results for different 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
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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 ecast/west transects 1 km apart were
flown with a helicopter over the study area (Supplementary
material Appendix 1 Fig. A2). The helicopter was flown at
61 m (200 ft) above the ground at 93 km h~=! (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 five distance classes defined 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. The 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 (¢(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. The same models as for distance sampling above
were utilised.

Spotlight counts

Spotlight counts were recorded from a motor vehicle driven
at 8 km h=! (5 mi h™!). 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.
The 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. The spot-
light transect was 5.9 km long before January 2011. After
flooding rains in January 2011 it was re-designed to 4.4 km
due to track closures. The spotlight transects covered grass-
land areas in the southern portion of the catchment reserve
(Supplementary material Appendix 1 Fig. A3).

The spotlight transect area was calculated by taking dis-
tance measurements of the approximated visible spotlight
range with a laser rangefinder 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. This data
was combined to construct an average spotlight area polygon
in ArcMap 10.1 (ESRI). This 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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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 five m along the transect line to count faecal pellets. All
intact deer faecal pellets inside the plot were counted. This
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-
fidence 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 scudent’s #-test
and a general linear model was used to examine the fixed
effects 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 coefficient of
variation as defined 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 first 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 first estimating the projected sample size for

the labour input. The 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. The projected sample
size was then combined with the mean estimator and pooled
standard deviation to derive the projected relative preci-
sion. The 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 0.5X, 0.75X, 1X,
1.5 X and 2 X the mean sampling effort 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 field
labour input.

To calculate the cost of labour a rate of AU$30 h=! was
used. Assumptions for comparison of vehicle and equip-
ment costs are listed in Supplementary material Appendix 1
Table Al. 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). The grassland model (uniform model
with cosine adjustment) fitted 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). The forest model (half normal with
cosine adjustment) however did not fit 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 effect on
variance in the grassland (60 — 82% of variance). Cluster
size had the greatest effect on variance for the forest in 2010
(50% cluster size vs. 35% encounter rate) whereas in 2011
and 2012 encounter rate had the greatest effect 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-

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 (N), and 95% confidence intervals (95%Cl). %CV denotes the coefficient of variation for

the column on its left.

95% ClI

Strata Year n n/L %CV ESW P %CV E(s) %CV N %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 effective 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 effective strip width of 70.9 m to be approximately
234 ha for all years.

Aerial survey

The MRDS analysis estimated a detection probability on
the transect line of g(0) =0.76 £ 0.05. The CDS analysis
gave an overall deer population estimate of 1285 deer in the
Cressbrook Dam catchment reserve (Table 1). The model
fit could not be evaluated as with data from exact distances,
but visual estimation of the model fit suggests it is a poor
fit 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 effective strip
width of 70.8 m, we calculated the aerial survey coverage to
be approximately 202 ha.

Spotlight counts

The spotlight estimates for 2010 and 2012 were more than
double the 2011 estimate (Table 2). The 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. The trends for the spotlight indices closely fol-
lowed the trends of spotlight abundance.

Faecal pellet index

Faecal pellet indices for 2010 and 2011 did significantly dif-
fer between years at the P=10% level (r=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). There was no significant effect 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.

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

The 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

366 Page 38



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% confidence intervals.

Grassland Overall
Method 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)

as consistent for this method as for the distance sampling and
faecal pellet index methods. The 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 field 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 efficient 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 tradeoffs 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 faccal 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-

500
450

400 m2010 |

@2011 |

350

300 I

250

200 I

150
100

Faecal pellet index

50

Grass Forest Combined

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.

ing. Spotlighting results in 2011 were likely to be negatively
affected 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 sufficient labour was available. If labour was limiting,
the terrain and vegetation cover suitable and funds available,
we would recommend aerial survey. The 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. This 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. This is somewhat expected as the
two methods were conducted at different times of the day,
and deer generally move out from the forest into the grass-
land in the evening leading to higher spotlight estimates.

The 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. The find-
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. Those authors found

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 18.12 8.7
Faecal pellet index 10.4 12.3

asampling occurred after spotlight cull of deer.
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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.

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% confidence 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 efficient 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

Table 4. Mean sampling time and associated statistics for spring esti-
mates of absolute and relative abundance. Mean field 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
368
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Figure 5. Projected relative precision for varying levels of field
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 field sampling labour input for each method.

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 effort required to achieve the sur-
vey goals. We used a pilot study effectively 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 affected results for other
methods if conducted at the same time by inducing deer
avoidance due to high personnel presence. This 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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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~' (Australian dollars).
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study in a Mediterranean climate classified 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 different
terrain types.

Conclusions

This 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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Appendix 1

Table Al. Assumptions of vehicle and equipment costs for methods used to estimate wild red

deer abundance. All cost estimates in Australian dollars.

Method Vehicle hire

Equipment

Equipment cost

Distance sampling 8 days at $164.57 day”'

a

Aerial survey $1000 h™!

Spotlight count 3 days at $164.57 day™’

a

Fecal pellet index 8 days at $164.57 day'

a

rangefinder,
binoculars and
compass

sighting boom

spotlights

rope, tape etc

3 sets min. at $550

each

$1000

2 at $210°

negligible

 yehicle hire cost ex. Brisbane
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Figure Al. Distance sampling in the Cressbrook Dam catchment reserve in October 2010, 2011

and 2012. Transects denoted by solid black lines.
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Figure A2. Aerial survey in the Cressbrook Dam catchment reserve in October 2011. Transects

denoted by dashed black lines.
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Figure A3. Spotlight counts in the Cressbrook Dam catchment reserve between October 2009
and October 2012. Transect denoted by solid black line.
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Figure A4. Faecal pellet counts in the Cressbrook Dam catchment reserve in August/September

2010 and August/September 2011. Transect placement denoted by circle markers.
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Chapter 5 - Home Range
Chapter 5 comprises the paper “At home in a new range: wild red deer in south-eastern
Queensland.” by Amos, M., Baxter, G., Finch, N. and Murray, P. Published in Wildlife Research
vol. 41 no.3, 2014 (pp. 258-65)

Plate 7 Keith Staines with ""Big Red"" just prior to release after darting and fitting with a GPS collar.
(Photo N. Finch — April 2011)
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Abstract

Context. Wild deer are increasing worldwide and, in Australia, prompting land managers to review management
strategies. Management activities may be ineffective without a sound understanding of the ecology of the species. No peer-
reviewed research has been published for wild red deer in Australia, where they have been introduced.

Aims. To help land managers gain an understanding of some movement parameters of introduced wild red deer out of
their natural range.

Methods. GPS collars were used to obtain movement rates (mh™"), annual home range using three estimators and
seasonal home range using the Local Convex Hull estimator.

Key findings. Deer at our study site displayed typical crepuscular movements. However, the lack of elevated activity for
stags in summer varies greatly to reports from overseas. The annual home range of hinds was much smaller than that of stags.
Large differences for seasonal home ranges from the same deer for two winters suggest that seasonal conditions may exert
a large influence on the size of home ranges. The home ranges of deer at our study site were comparable with the largest
reported in European studies, but the relationship between deer density and home-range area was markedly different.

Conclusions. It appears that Australian wild red deer behave differently from their European conspecifics for several
important movement parameters. Wild stags did not display the high levels of movement activity in summer, like those in
Europe, and the home-range areas of our deer were very large for the high densities we encountered compared with overseas
reports.

Implications. Targeted management of hinds may prove beneficial as hinds had a much smaller and continuous home
range than stags. If managers want to target stags, there is only a short rut period when they continually associate with
hinds and that may be the most efficacious time for control. Additionally, future research may need to explore the link
between home range and deer density, and the effect of variation in rainfall on home range and movement of wild red
deer which may influence management activities more than do the regular seasonal patterns found in Europe.

Additional keywords: Cervus elaphus, home range, movement.
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Introduction

Deer of various species (cervids) are widespread throughout
the world and are native to most continents, with Australia
being one of the notable exceptions (Jesser 2005). Deer were
first introduced to Australia by early settlers and acclimatisation
societies in the early 1800s (Bentley 1998; Moriarty 2004). Only
6 of the 18 deer species introduced to Australia have survived
and become established in the Australian environment (Bentley
1998; Jesser 2005). Because of several factors, including more
recent releases from deer farms and private (often illegal)
translocations, distribution and abundance of wild deer in
Australia appears to be increasing (Moriarty 2004; Jesser
2005). Yet, there has been little peer-reviewed scientific
research conducted on deer species in Australia (Forsyth 2005).

Red deer (Cervus elaphus) make up ~30% of the wild deer
herds reported in Australia in 2004 (Moriarty 2004). They are

Journal compilation © CSIRO 2014

predicted to be suited to the bioclimatic zone that encompasses
the southern third of Australia, north into south—central
Queensland (Moriarty 2004). The wild red deer herd in south-
eastern Queensland has been estimated to contain 10000 to
15000 animals (Moriarty 2004; Jesser 2005).

Management of deer in Australia is an important and emerging
topic (Moriarty 2004; Forsyth 2005; Jesser 2005; Hall and Gill
2007). However, Burt’s (1943, p. 351) question of 70 years ago
is still pertinent today, ‘How can we manage any species until
we know its fundamental behaviour pattern?” Much research has
been conducted on red deer overseas (Clutton-Brock et al. 1982;
Georgii and Schroder 1983; Catt and Staines 1987; Carranza
et al. 1991; Bocci et al. 2012), but how do we know that we can
manage an introduced species on the basis of observations
made in their native range? Our objectives were to estimate
annual and seasonal home-range use and movement rates of

www.publish.csiro.au/journals/wr
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wild red deer in Australia, and to provide management
recommendations based on our findings.

Materials and methods
Study area

Cressbrook Dam (27.258°S, 152.195°E) is located in south-
eastern Queensland, Australia, and is one of three major water
supplies for the nearby city of Toowoomba. We conducted
research in this 4893 ha catchment reserve. The dam storage
levels fluctuated markedly during the course of the study, from
~8% (147 ha surface area) in late 2009 to over 100% (526 ha
surface area) in January 2011 (M. McDermid, pers. comm.),
which meant that the area of gently sloping grassland around
the dam varied greatly during the study. The climate is
subtropical (Australian Bureau of Meteorology 2012) and
warm and humid in summer, with a short mild winter. The
average annual precipitation at Cressbrook Dam is 740.6 mm
and rain falls predominantly in the summer (Australian Bureau
of Meteorology 2013).

Elevation at the study site varies from ~300 to 600 m
(Toowoomba Regional Council 2009). The vegetation in the
Cressbrook Dam catchment reserve is predominantly dry
sclerophyll forest, with some open grassland in the lower-
elevation areas around the dam. The landform varies from
gentle slopes and gullies in the lower elevations to steep hills
in the higher elevations.

The Cressbrook Dam catchment reserve is within the area
containing the herd of wild red deer originally released by the
Queensland Acclimatisation Society (Moriarty 2004; Jesser
2005). Although it is unknown exactly how long red deer have
been at the study site, they were released ~35 km to the east at
Cressbrook Station in 1873 (Roff 1960; Bentley 1998) and
observed in the general vicinity of the study site in a wild red
deer survey in 1956 (Roff 1960). The deer density at the study
site is high at ~28 deer km?® (M. Amos, G. Baxter, N. Finch and
P. Murray, unpubl. data).

Radio-collaring deer

We chemically immobilised 25 wild red deer for collaring by
using anaesthetic darts. Darts were delivered from a Pneu-Dart
X-Caliber™ (Williamsport, PA, USA) dart projector by
personnel stalking deer on foot. Darts contained a mixture of
Xylazil 100® (Ilium Veterinary Products, Troy Laboratories
(Australia) Pty Ltd, Glendenning, NSW, Australia)
(4.2mgkg™" xylazine hydrochloride) and Zoletil 100® (Virbac
Australia Pty Ltd, Milperra, NSW, Australia) (1.4 mgkg '
tiletamine  hypochloride and 1.4mgkg' zolazepam
hypochloride) used under veterinary supervision. Because the
drug mixture took ~5—10 min to anaesthetise the deer, we used
Pnue-Dart transmitter darts so that the darted animal could be
found using a radio receiver and Yagi antenna. Anaesthetised
deer were placed in a sternal position and their breathing and pulse
were monitored. We fitted sedated deer with Sirtrack® G2C
wildlife global positioning system (GPS) tracking collars with
timed release units. We recorded the capture location with a
handheld GPS unit. Following collaring, the effects of the
xylazine hydrochloride were reversed with Reverzine™ (Bayer
AG, 875 Pymble, NSW, Australia) (0.25mgkg ' yohimbine
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hydrocholoride). The chemical restraint and handling of these
animals took ~18 min and was approved by The University of
Queensland’s Animal Ethics Committee Approval SAS/239/09.
Captured deer ranged from young adult (>18 months) to
~10 years of age, as estimated from inspection of teeth
eruption and wear patterns and physical characteristics. Stags
were classified as ‘young’ (18 months to 3.5 years) and ‘mature’
(3.5 years and over) because home-range patterns appeared to
differ with age for stags as per Georgii and Schroder (1983).

The GPS collars were programmed to obtain a GPS coordinate
every 90 min, 24 h a day, between March 2010 and March 2013.
We tracked deer fortnightly using an Australis 26k™ 150-MHz
receiver (Titley Scientific, Lawnton, QId, Australia) to monitor
deer location and survival. During these surveys, we also recorded
the date, collar frequency and GPS location of all collared deer
sighted.

The average position error for the GPS collars was calculated
at two random locations where collars automatically released
from deer. Both test collars were located in typical woodland
vegetation community sites in the study area. Estimated position
error was obtained by first calculating the ‘true’ location position
as the average of all test locations, then calculating the Euclidean
distance between each individual location and the ‘true’ location
and taking the average of these results as per Lewis et al. (2007).
The two collars recorded 3120 and 1653 locations after dropping
from the animal over 199 days and 115 days, respectively, to
return an estimated position error of + 12.31 mand £ 15.20 m for
all locations without any GPS error screening. Raw GPS location
data from retrieved collars were screened as described by
Bjerneraas et al. (2010).

Movement

We calculated ‘movement’ — the distance and movement rate
(mh™") between consecutive location points as the distance
between these points divided by the time taken to cover that
distance in Microsoft® Excel (Redmond, WA, USA) for all deer.
Because the timing and duration of deployment for individual
collars varied greatly, we constructed a linear mixed-effects
model in the ‘nlme’ package in R (version 2.15.0, http://www.
r-project.org/, verified 30 March 2010) to analyse movement
data. Gender, time of day and the interactions between gender and
time of day were included as fixed effects. Individual animals
were included as random effects. The number of GPS locations
for each animal for each time period was included as a weighting.
Analysis was conducted separately for three seasons per year as
per the seasonal home-range analysis.

Home range

GPS data from collars were analysed for overall, annual and
seasonal home range for individual deer. Overall, home range
was simply the home range generated from all the GPS data
collected by an individual deer. Analysis of annual home range
was conducted for deer that had ~12 months or more GPS data.
Where possible, the annual home range was taken from the
middle of the non-breeding season (August) one year to the
next. Annual home-range analysis included visual inspection
of the asymptote graph (graph of home-range size as
sequential location points are added) using the minimum
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convex polygon (MCP) method in OpenJUMP HoRAE
(Steiniger and Hunter 2012).

For seasonal analysis of home range, three seasons
per year were identified that reflected different biologically
important time periods for deer at our study site similar to
Carranza et al. (1991). The seasons were set as winter (3 May
to 31 October), summer (1 November to 21 March) and rut (red
deer breeding season in this locality; 22 March to 2 May). The
winter season corresponds to the pregnancy in hinds, and the
non-breeding season for stags until they have cast their antlers
(Roff 1960). The summer season corresponds to calving and calf
rearing in the hinds, and antler regrowth and recovery of body
condition in the stags (Roff 1960). The summer season is
also when two-thirds of the annual precipitation falls in the
Cressbrook Dam  catchment (Australian Bureau of
Meteorology 2013).

We calculated annual home-range area using MCP, kernel
utilisation distribution (Kernel) and the local convex hull
(LoCoH) non-parametric kernel estimators. The MCP method
(Mohr 1947) is one of the most widely used home range-
estimation methods (Laver and Kelly 2008). Many older red
deer home-range studies used this method (Georgii 1980;
Clutton-Brock et al. 1982; Catt and Staines 1987; Jeppesen
1987a), so we included this method for comparison purposes.
This method did not perform particularly well on our data, given
the sharp water boundaries at Cressbrook Dam, and included
many areas under water that we knew deer did not regularly
utilise as part of their home range. We analysed data at the 95%
level to eliminate some of the outliers that greatly increased the
home-range area.

Kernel methods have also been used extensively on many
home-range studies (Laver and Kelly 2008), including recent
studies of red deer (Bocci et al. 2010; Jerina 2012). We, therefore,
decided to use this method for comparison because it more
accurately portrayed our data than did the MCP method,
although it included areas under water that we knew deer did
not regularly utilise. We used an 80% fixed kernel estimator with
the 4,.,smoothing parameter (Worton 1995). We first attempted
to use the least-squared cross-validation smoothing parameter
but the cross-validation criterion could not be minimised.

The LoCoH method (Getz and Wilmers 2004) is one of
the newer methods of home-range estimation. It has been
described as particularly useful for calculating home-range
areas with distinct boundaries (Getz and Wilmers 2004) as at
our study site. This method appeared to fit our data well,
especially in areas we knew that deer did not utilise at
Cressbrook Dam. We used the adaptive (a-LoCoH) method
described by Getz et al. (2007), with the heuristic rule that ‘a,
is the maximum distance between any two points in the dataset’.
Home-range analysis was set at the 95% level with the LoCoH
method and core-area analysis at the 50% level. Intensity was
measured as the core area (50% LoCoH) divided by home range
(95% LoCoH) expressed as a percentage. Intensity represents
the proportion of the home-range area that deer spent 50% of
their time in.

We calculated annual home-range areas using MCP and
Kernel estimators in Oztrack (Hunter et al. 2013). We
calculated overall, annual and seasonal home-range areas and
core areas by using the LoCoH (Getz and Wilmers 2004)
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estimator. Analysis for the LoCoH method was conducted in
the adehabitat package (Calenge 2006) in R.

Annual and overall home-range (LoCoH) results and
seasonal home-range results for three hinds and one stag in
winter 2010 and winter 2011 were compared with a paired
t-test in Microsoft® Excel. Stag and hind estimates for annual
home range, seasonal home range, core area and intensity of use
were compared in Microsoft™ Excel by first conducting a two-
sample F-test to test for equality of variance. Subsequently, all
stag and hind estimates for annual home range and seasonal
home range except summer 2011/12 were compared with two-
sample r-tests for unequal variance, whereas seasonal home range
for summer2011/12, core area and intensity of use estimates were
compared with two-sample #-tests for equal variance.

Results
Movement

GPS collars from 22 deer were retrieved, including 11 male
(4 young adult, 7 mature adult) and 11 female (1 young adult,
10 mature adult), with a resulting dataset of over 117 000 GPS
relocation fixes. The maximum movement rate reached by
individual stags between any two consecutive locations ranged
between 97 and 277mh™' (Mean=168mh™"), whereas the
maximum movement rate reached by individual hinds ranged
from 81 to 223 mh™ (Mean= 164 mh™"). Mean movement for
stags was similar to hinds for summer and winter and varied
significantly (P<0.001) only in the rut season (Table 1). Both
stags and hinds showed very similar bimodal crepuscular
movement patterns with peaks in the early morning
(0730 hours) and evening (1800 hours), and periods with low
movement rates in the middle of the day and through the night
(Fig. 1). This crepuscular movement varied significantly by time
of day in all seasons (winter F;5570=73.52, P<0.001, summer
Fi5255=44.31, P<0.001 and rut Fys5,49=36.72, P<0.001).
There was no significant interaction between time of day and
sex in the winter (Fs 270 = 1.23, P=0.25) and rut (Fy5 2490 =1.23,
P=0.25) seasons, but there was a slight interaction in summer
(F15,255=2.03,P=0.014) where hinds showed greater movement
at 1800hours (f55=-2.61, P=0.010) and 1930hours
(t255=-2.26, P=0.025) in the evenings than did stags.

Annual home range

Of'the 22 collars retrieved, seven mature adult hind and four stag
collars (two young stags and two mature stags) contained

Table 1. Comparison of mean movement of wild red hinds and stags at
Cressbrook Dam Reserve, south-eastern Queensland by season between
March 2010 and March 2013, using a linear mixed-effects model
Mean movement (mh "), showing 95% confidence intervals in parentheses;
d.f., F and P are also given

Season Hind Stag d.f. F P

Winter 94 107 1,18 3.15 0.093
(76-112) (86-128)

Summer 101 91 1,17 0.71 0.410
(78-123) (66-115)

Rut 70 127 1,16 130.76 <0.001
(54-86) (107-147)
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Fig. 1. Mean daily movement of (a) wild red hinds and (b) stags for the
summer, winter and rut seasons at Cressbrook Dam Reserve, south-eastern
Queensland between March 2010 and March 2013.

~12 months or more GPS data. All seven hinds and four
stags displayed an asymptote in home-range size for the
annual home-range data. The mean stag annual home-
range estimate using the 95% LoCoH method was ~3.5 times
larger than for hinds (13 =-2.64, P=0.039) (Table 2). There was
no statistically significant difference between the results for
overall home range and annual home range (#,o=-1.24,
P=0.122).

Seasonal home range

Seasonal home-range areas varied in relation to annual home-
range areas (Fig. 2). The area of male seasonal home ranges
was significantly larger than that for females in the rut season
of both 2011 (=-2.75, P=0.035) and 2012 (t,=-4.62,
P=0.005), as well as in winter 2011 (1,=—4.01, P=0.028).
However, the size of male and female home ranges did not
vary significantly in winter 2010 (%,=-1.51, P=0.134),
summer 2010/11 (1,=-1.56, P=0.130) and summer 2011/12
(ts=-0.74, P=0.244). Three hinds that contributed to both
the winter 2010 and winter 2011 data had significantly larger
home-range areas (f,=2.97, P=0.049) in winter 2010. Only
one stag contributed to both winter 2010 and winter 2011,
and when data from all four collars (3 female, 1 male) were
combined, the mean home range of all four deer in winter 2010
was approximately double that of winter 2011 (3=2.35,
P=0.050).
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Table 2. Home-range data from wild red deer collared at Cressbrook
Dam Reserve, south-eastern Queensland for ~1 year or more between
March 2010 and March 2013
Mean area, £ s.e. and/or a range for three annual home-range estimators and
one overall estimator are given. Kernel, kernel utilisation distribution;
LoCoH, local convex hull; MCP, minimum convex polygon

Group Hind Stag Subgroup  Subgroup
Young stag Mature stag
Number 7 4 2 2
Months collared 17.2 15.7 15.2-22.7 11.5-13.3
(11.9-21.4) (11.5-22.7)
Overall home range 410+88  1506+568 804-3112 610-1499
(ha) (95% LoCoH) (198-838) (610-3112)
Annual home range 359+£78  1323+357  805-2237  610-1499

(ha) (95% LoCoH) (179-774) (610-2237)

Annual home range  682+136 6018+3304 1192-15799 3233-3747
(ha) (95% MCP)  (274-1372) (1192-15799)

Annual home range 314+80 2898+1848 6208422
(ha) (80% Kernel) (147-769) (620-8422)

1191-1358
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@
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Fig.2. Mean wild red stag and hind annual and seasonal home-range areas
(95% local convex hull, LoCoH), showing number of individuals and
standard error at Cressbrook Dam Reserve, south-eastern Queensland
between March 2010 and March 2013. Asterisk indicates a pair where
males and females were significantly different from each other using a
two-sample #-test for unequal variance.

Seasonal location

Geographically, hinds displayed a continuous home-range area
for all seasons, whereas two of the four stags displayed a
discontinuous home range. The oldest stag displayed a
discontinuous home range with a separate rut area and
continuous winter and summer area, whereas the other
showed a separate rut to summer area, with a winter area that
overlapped both. The two other stags showed excursion
behaviour in the rut.

Seasonal core areas and intensity of use

The mean annual core area of stags (= 143.5ha) was larger
than that of hinds (= 73.4ha) (ty=-1.85, P=0.049) (Fig. 3).
The mean annual intensity of use of core areas for hinds (= 19.3%)
was larger than that for stags (= 12.0%) (t9=2.61, P=0.014)

(Fig. 4).
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Fig. 3. Mean annual and seasonal core areas (50% local convex hull,
LoCoH) for wild red stags and hinds at Cressbrook Dam Reserve, south-
eastern Queensland between March 2010 and May 2013, showing number
of individuals and standard error.
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Fig. 4. Mean annual and seasonal intensity of use of home-range areas for
wild red stags and hinds at Cressbrook Dam Reserve, south-eastern
Queensland between March 2010 and March 2013, showing number of
individuals and standard error. Intensity is the core area (50% local convex
hull, LoCoH) divided by home range (95% LoCoH) expressed as a
percentage. Intensity represents the proportion of the home-range area that
deer spent 50% of their time in.

Discussion

Although managed as an important recreational resource in
several jurisdictions, deer are not native to Australia and have
the potential for detrimental impacts (Jesser 2005; Bilney 2013).
Deer management activities are therefore likely to be linked to
population maintenance or reduction rather than species
conservation. Our results, although limited by a small sample
size, suggest that managers should consider each sex separately
and target effort accordingly. When targeting hinds, the
continuous and, on average, smaller home range of hinds than
of stags is an important consideration. For stag management,
the summer and rut seasons appear to be the most appropriate
time to conduct such activity. This is because of trends indicating
smaller home ranges and core areas in summer and rut, with the
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additional benefits of the very vocal presence of stags during the
rut and close spatial association with hinds.

Variable rainfall has been observed to have an impact on the
home-range size of Australian macropods (Fisher and Owens
2000). The results reported here from two very different winter
seasons (winter 2010 followed months of extremely low rainfall
and winter 2011 followed months of extremely high rainfall)
indicated that wild red deer may respond similarly in Australia,
although caution should be exercised because of the limited
sample size. Both home range and movement patterns could
potentially be location and time specific. Whether targeting
hunter effort over a broad area or localised reduction
programs, managers may require species-specific information
linked to the seasonal conditions.

The red deer at our study site displayed a typical crepuscular
activity pattern (Clutton-Brock et al. 1982; Georgii and Schroder
1983; Catt and Staines 1987; Carranza et al. 1991). Georgii and
Schroder (1983) concluded that peaks in activity are closely
associated with dawn and dusk throughout the year, and our
findings support that conclusion. From observation at our study
site, it appears that the high movement rates at dusk and dawn
correspond with deer moving into more open areas at dusk,
alternating between grazing and resting through the night, and
then moving back toward vegetative cover in the early morning.

Our primary focus for the movement and seasonal home-
range analyses was to compare the effect of sex in different
seasons, given the temporal variability of the data we had from
individual animals and the small sample sizes. Our analysis
suggested that apart from the rut season, stags and hinds
appear to have very similar movement rates and daily
movement patterns. This similarity between sexes was also
observed in some of the results for seasonal core areas and
intensity of use. However, similarities between stags and hinds
were not apparent for annual and seasonal home-range areas.

We found no evidence to suggest that movement patterns and
seasonal home range for stags were greatest in summer, which
disagrees with the findings of Georgii and Schroder (1983) and
Clutton-Brock et al. (1982). This is most likely attributed to
the mild climatic conditions in winter at our study site. It is
expected that stags maintain a higher bodyweight over winter in
this climate than they do in more extreme northern
hemisphere climates and do not need to invest as much energy
into increasing bodyweight in summer before the autumn rut
(Bocci et al. 2010).

Results of two (Catt and Staines 1987; Kamler et al. 2008) of
six European studies of red deer reporting an annual home
range (MCP) for hinds (Table 3) were comparable with our
results, whereas four studies reported home ranges at least two
and a half times smaller. These differences may have been an
artefact of the different estimators and/or the small sample size.
Mature stags at our study site had an annual home-range area
(MCP) similar to that in one other study (Kamler et al. 2008),
while being about five times larger than those in three other
studies (Clutton-Brock et al. 1982; Carranza et al. 1991; Lovari
et al. 2007). Our results for the Kernel method of home-range
estimation were again similar to or larger than those in equivalent
European studies (Table 3). One of our young stags had a home-
range area (1192 ha MCP) similar to that of stags in two of the
European studies (Catt and Staines 1987; Kamler et al. 2008),
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Reported red deer annual home range and density from various studies and locations

non-migrating red deer mean (or range as appropriate) annual home range and density from European studies, compared with our results. Studies ordered
by decreasing home-range size for minimum convex polygon (MCP) and then kernel utilisation distribution (Kernel) methods. Stag-age classes are given
as years old (Y.O.)

Author Country Habitat Hind annual Stag annual Method Estimated
home range home range deer density
(ha) (ha) (nkm™)
Kamler ez al. (2008) Poland Temperate old 840 3600 100% MCP 5-7
growth forest (>2Y.0)
This study Australia Subtropical dry 682 3490 95% MCP ~28
sclerophyll forest (>3.5Y.0,)
Catt and Staines (1987) Scotland Sitka-spruce 406-1008 10621182 MCP Not reported
plantation (1-3Y.0)
Carranza et al. (1991) Spain Mediterranean 258 655 Minimum 50-100
shrub (~3-4Y.0.) polygon
Jeppesen (1987a) Denmark Pine-spruce 257 Not reported MCP 69
plantation (Jeppesen 1987b)
Clutton-Brock Scotland Heath, bog and 180 110 Minimum 14
etal. (1982) (Isle of Rhum) grassland polygon
Lovari et al. (2007) Sardinia Mediterranean 114 190 100% MCP 25-26
shrub >5Y.0,)
This study Australia Subtropical dry 314 1275 80% Fixed kernel Approx. 28
sclerophyll forest (>3.5Y.0,)
Jerina (2012) Slovenia Fir-beech forest 399 576 95% Kernel 0.7-6.6
(Dinaric Mountains) (>4Y.0.)
Bocci et al. (2010) Italy Spruce and larch 137212 Not reported 90% Kernel 6

forest (Dolomites)

whereas the home-range area (15799 ha) of the other young
stag was extremely large in comparison to anything else
reported. The movement of this second young stag was
consistent with him making exploratory movements out of his
home range. However, he consistently returned to the area
where he was collared.

Stags at our study site had larger home-range areas than did
hinds for overall, annual and some seasonal home ranges, which
were similar to those in most European red deer studies (Georgii
1980; Georgii and Schroder 1983; Lovari et al. 2007; Kamler
etal.2008; Jerina 2012). Hinds behaved like those in a temperate
climate in southern France (Pépin et al. 2008), displaying a
continuous home-range area regardless of season. Mature stags
at our study site had two discontinuous seasonal areas, similar to
stags in other studies showing two or three distinct seasonal
areas (Georgii and Schroder 1983; Pépin et al. 2008; Bocci et al.
2012). The oldest stag in our study (~7.5 years old) showed a
pattern very similar to that of mature stags in the study of
Georgii and Schroder’s (1983), having a very small and
defined rutting range that was some way away from their main
home-range area.

Given the agreement of the home-range analysis from our
study with the European studies mentioned above, it would be
easy to conclude that red deer in Australia are behaving similarly
to European red deer, as in most cases they are. However, when
the density of red deer in the Cressbrook Dam catchment is
taken into consideration compared with the home-range areas,
some noteworthy divergence appears. Jerina (2012) has linked
a decrease in the home-range size with increasing deer density,
which is supported by Carranza et al. (1991) who reported the

highest deer density (50-100 deerkm ). Our study site had a
density of ~28 deerkm > (M. Amos, G. Baxter, N. Finch and
P. Murray, unpubl. data), which is high compared with most
European examples, yet the annual home-range areas for
mature males and females at our study site were among the
largest of those reported (Table 3). There could be many
reasons for these large home ranges at a relatively high deer
density, but they are likely to include poor Australian soils,
mild winters and highly variable rainfall in Australia
compared with Europe. All these factors would necessitate
larger home ranges allowing greater movement than in
Europe.

Conclusions

As the first study on wild red deer in Australia, we have
recorded some spatial and temporal information that provides
base-line data about this animal as an introduced species. This
may assist land managers make informed decisions when
implementing population maintenance or control activities.
Hinds showed a continuous home range that is smaller than
that of stags. Stags have small summer and rut seasonal home
ranges, and are vocal and present with hinds during the rut.
Although our study has shown many similarities between
Australian red deer home range and movement behaviour and
those reported from the red deer’s native area, some divergence
has also appeared. To gain a better understanding of this animal in
the Australian setting, we believe there is scope for further
research to explore the potential difference in stag summer
movement behaviour in Australia compared with overseas, the
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effect of varying Australian seasonal conditions on seasonal
home ranges, and the link between home-range size and wild
red deer density at various Australian locations.
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Chapter 6 - Habitat Preferences
Chapter 6 comprises the paper “Home amongst the gum trees: preferences of wild red deer in south-
eastern Queensland for vegetative cover, slope and aspect.” by Amos, M., Baxter, G., Finch, N. and
Murray, P. (Submitted to Wildlife Research)

Plate 8 GPS collared hind with calf in the Cressbrook Dam catchment reserve. (Photo K. Staines -
January 2012)
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6.1 Abstract

Context. Wild deer require management in all Australian states. They are classified as game in
Victoria, New South Wales and Tasmania and declared pests in all others. Red deer are the third
most abundant deer species established in Australia, but there is little published research on them

here.

Aims. To gain a greater understanding of the preferences of wild red deer for certain habitat and
landscape variables. This knowledge will assist in management decisions and predictions of range

expansion.

Methods. We conducted analyses on location data from GPS collars using resource selection ratios.
Preferences were calculated for individual deer at the home range level and combined to give

overall preferences for use of foliage projective cover, slope, and aspect.

Key findings. At the study site wild red deer utilised heavier foliage projective cover in the day
compared to the night. Hinds selected grassland areas at night regardless of season, but stags
strongly selected open grassland areas only during winter nights. Hinds often chose a southerly
aspect which is likely linked to nutritional requirements and available high quality pasture, and is

probably an indicator that the mild climate at our study site was not limiting behaviour.

Conclusions. Time of year and time of day are very important considerations for management
activities aimed at wild red deer. We found that deer in general, and stags in particular, will be
much harder to find in the landscape in the day time due to preferential use of heavier cover during
the day. In addition to the rut, there may be a window of opportunity to locate stags during winter
nights due to their preference for gentle slopes and grassland areas at this time, which may also be

an ideal time to trial feed attractants.
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Implications. The spread of expanding populations of red deer will likely be influenced by habitat
variables — with vegetative cover an important consideration. Climate does not appear to be severe
enough to exert a strong influence on behaviour. Grazing pressure by wild red deer on pastures,

crops and native vegetation will most likely be increased during winter nights.

Additional keywords: Cervus elaphus, habitat use, Queensland, red deer.

6.2 Introduction

During the late 19th and early 20th centuries many attempts were made by acclimatisation societies
to establish wild herds of deer in Australia (Bentley 1998; Moriarty 2004). At least 18 species were
released at various locations and times (Bentley 1998; Jesser 2005). Of these, only six species
established wild populations that survive today (Bentley 1998; Jesser 2005). For most of the 20"
century wild deer in Australia remained in small, discrete herds. Legislation throughout the country
aimed to protect wild deer and conserve what was considered a valuable resource. However, by the
end of the 20" century both the number of wild deer populations and the size of those populations
increased significantly prompting a change in attitudes towards wild deer. At present wild deer are
classified as Game in Tasmania, Victoria and New South Wales and declared pests in all other
jurisdictions. Regardless of legal status wild deer populations are challenging land managers due to
increasing numbers. Despite the importance of wild deer management there is a general lack of peer
reviewed scientific research on deer in Australia (Forsyth 2005a).

The wild red deer (Cervus elaphus) herd in south-eastern Queensland, estimated to number 10,000
to 15,000 animals, is the largest single population of red deer in Australia (Jesser 2005; Moriarty
2004). Red deer are also present in wild populations in Victoria, New South Wales, Western
Australia and South Australia (McLeod 2009). Community opinion about deer and deer
management varies greatly (Finch & Baxter 2007; Jesser 2005) as do management goals on
individual properties. Depending on the attitude of the landowner (and notwithstanding legislation),
deer management goals in Australia vary from conservation, herd improvement, population
maintenance and population control through to eradication. Regardless of the individual

management goals, population monitoring should be a key component of deer management.

Here we attempted to broaden our understanding of wild red deer by analysing their preferences for
certain habitat and landscape variables at different times of the day and for different seasons. This
information will help land managers devise management programs that are appropriate for red deer

in the habitat and landscape variables they prefer and at the time they are likely to be using them.
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6.3 Materials and methods

6.3.1 Study area

This study was located in the Cressbrook Dam (latitude 27.258° S longitude 152.195° E) catchment
reserve near Toowoomba in south-eastern Queensland. The reserve surrounding Cressbrook Dam
is managed by the Toowoomba Regional Council (TRC) and is approximately 4,893 ha comprised
predominantly of dry sclerophyll forest (82%) with some open grassland around the dam foreshore.
The open grassland varied greatly in area during the course of the study with fluctuations in the

water levels in the dam.

The climate at Cressbrook Dam is subtropical (Australian Bureau of Meteorology 2012). Summers
are warm, humid and often wet with a predominantly summer rainfall pattern. Winters are short,
mild and relatively dry. Average annual precipitation is approximately 740.6 mm (Australian

Bureau of Meteorology 2014).

The study site is located in the mountain chain that forms part of the Great Dividing Range of
eastern Australia. Study site elevation varies from approximately 300 to 600 m while topography
varies from gentle slopes to steep hills.

Cressbrook Dam is only approximately 35 km from the original release site of red deer in south-
eastern Queensland in 1873 (Bentley 1998; Roff 1960). It is within the area that contains the south-
eastern Queensland wild red deer herd, estimated to number between 10,000 to 15,000 animals ten
years ago (Moriarty 2004), and likely to be greater in number now. Although it is unknown exactly
how long red deer have been at the study site, they were observed in the general vicinity of the
study site in 1956 (Roff 1960). Deer density at the study site is high at approximately 28 deer/km?
(Amos, M, unpublished data).

6.3.2 Collar Data
We obtained GPS location data from 22 radio-collared wild red deer between March 2010 and
March 2013. Male deer comprised 11 of the 22 collared deer, of which 4 were estimated by tooth
wear and eruption and physical characteristics to be aged between 1.5 and 3.5 years, with the
remaining 7 estimated to be older than 3.5 years. Of the 11 female deer, 1 was estimated to be
between 1.5 and 3.5 years, and the remainder were estimated to be older than 3.5 years. The deer
were fitted with Sirtrack G2C Wildlife Global Positioning System collars as described in Amos et
al. (2014). The restraint, handling, and collaring of these animals was approved by The University
of Queensland’s Animal Ethics Committee Approval SAS/239/09.
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The collars recorded a GPS location every 90 minutes with an estimated position error of between
+12.3 mand +£15.2 m (Amos et al. 2014). We screened errors in the GPS location data as described
by Bjorneraas et al. (2010) deleting <0.1% of the location points. The resultant data set contained
over 117,000 GPS location points.

6.3.3 Analysis

We conducted analysis at the individual animal home range level — the Design 111 level of Thomas
and Taylor (1990). We examined three habitat and landscape variables within home ranges - foliage
projective cover, slope and aspect. Our analysis followed the methodology of Manly et al. (2002)
for studies with resources defined by several categories. This consists of statistically comparing the
habitat selection ratios or ratios of used habitat units to available units for each individual animal at
the home range level. Assumptions of this method are: (a) proportions of different categories do not
change during the sampling period, (b) available resource units are correctly identified, (c) used
resource units are correctly identified, (d) the variables which actually influence the probability of
selections are correctly identified, (€) animals have unrestricted access to all available resource
units, and (f) resource units are sampled randomly and independently. These probably held true
during our study but not all could be confirmed.

Used habitat units were defined as the number of GPS fixes that intersected with each habitat
attribute for each animal. The available habitat units for each animal were delineated by the 100%
MCP home range of that animal for the analysis period (Rolley & Warde 1985). The analysis was
performed in the adehabitatHS package (Calenge 2006) in R (version 2.15.0, http://www.r-
project.org/, accessed 30/3/2010) and hinds and stags were treated as separate groups. The analysis
first tests for individual habitat selection with a chi-squared goodness of fit test with the log-
likilihood statistic as recommended by Manly et al. (2002) and then conducts another chi-squared
test for overall selection. A Bonferroni post hoc test was used to group statistically significant

results at the 5% level.

We analysed the data for proportional usage of habitat attributes for three seasons and two times of
the day. The three seasons used were those identified as being biologically important to wild red
deer at the study site in a parallel study (Amos et al. 2014): winter (3 May to 31 October), summer
(1 November to 21 March) and rut (22 March to 2 May). Analyses of individual seasons were
trialled (i.e. winter 2010, winter 2011, and winter 2012), but low numbers of deer for each data set
resulted in no significant trends, hence data from different years were pooled by season. The two
time periods per day were set as day (10:30 — 16:30) and night (19:30 to 7:30) for the winter and rut
seasons, with a corresponding longer day (9:00 — 16:30) and shorter night (19:30 — 6:00) in
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summer. These periods were set according to the crepuscular nature of red deer we observed at the
study site and corresponded to periods of lower movement (Amos et al. 2014). We did not include
the morning and evening higher movement time periods in our final analysis, as initial analysis of
the data showed that morning and evening results were predominantly either the same as
corresponding day and night respectively, or they showed no significant habitat selection. Deer use
the morning and evening time periods to move from one habitat type into another so it is reasonable
to expect that they would not have significant habitat preferences at these times.

6.3.4 Foliage Projective Cover

We analysed the use of structural forms of vegetation cover by collared deer in vegetation
categories based on foliage projective cover (FPC) defined by Specht (1970). The categories at the
study site were: “open woodland/grassland” (<10% FPC), “woodland” (10 — 30%), “open forest”
(30 —70%) and “closed forest” (70 — 100%). The raster map “Foliage Projective Cover 2010 —
Kingaroy” (Department of Science 2012) with resolution (pixel size) of 25 m was used to determine
structural vegetative cover. This map was originally derived from Landsat 5 TM imagery
(Department of Science 2012). The composition of vegetation cover categories in the Cressbrook
Dam catchment was: grassland ~ 9%, woodland ~ 17%, open forest ~ 72% and closed forest ~ 2%.
Due to extremely small quantities of available and utilised closed forest habitat, this category was
combined with open forest to form a single “forest” category. Three subsets of the winter night data
for stags were analysed for May/June, July/August, and September/October respectively to
determine if there was a peak time within the winter season when grassland vegetation was targeted
at night.

6.3.5 Slope

A raster maps for slope and aspect was derived from the “Digital elevation model - 25 metre - South
East Queensland” (Department of Natural Resources and Mines 2011) by using the “Surface” tool
in the Spatial Analyst toolbox in ESRI®*s ArcMap 10 (380 New York Street, Redlands, CA). This
map had a 25 m pixel size. Slope values were categorized with reference to Speight (2009) but were
merged to the following categories—“gentle” (0 - 5°45”), “moderate” (5°45” - 18°) and “steep” (18°
- 47° - upper limit in study area) as Speight’s categorisation would have resulted in six categories,
with the 3 categories merged into “gentle” and two categories merged into “steep” containing little
information in them separately. The composition of slope categories in the Cressbrook Dam

catchment was: gentle ~ 21%, moderate ~ 56% and steep ~ 23%.
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6.3.6 Aspect

A raster map for aspect was derived in a similar fashion as described above for slope using the same
digital elevation model. Aspect was classified according to cardinal directions — “north” (315° -
45°), “east” (45° - 135°), “south” (135° - 225°) and “west” (225° - 315°). The composition of aspect
categories in the Cressbrook Dam catchment was: north ~ 24%, east ~ 30%, south ~ 25% and west
~ 21%.

6.4 Results

The number of individual deer that showed strong habitat and landscape attribute selection (P<0.05)
varied for sex, habitat type, time of year and time of day (Table 6-1). A high degree of individuality
in selection was observed, even within a group for the same season, time period and habitat
variable. For example, even though all stags in the summer night displayed strong preferential
selection (P<0.05) for different vegetation cover categories, the habitat attribute selected often
varied between individuals (Figure 6-1), resulting in an overall preference that was not significantly

different for the three vegetation cover types available (Figure 6-2b).

Table 6-1 The number of individual wild red hinds and stags displaying significant (P<0.05)
preferences for categories of cover, slope and aspect at Cressbrook Dam Reserve, south-
eastern Queensland by season and time of day between March 2010 and March 2013.

Season Winter Summer Rut
Day Night Day Night Day Night

Hinds (n=11) (n=10) (n=10)
Cover 7 11 10 9 6 5
Slope 7 10 7 9 5 9
Aspect 10 11 10 9 7 9
Stags (n=9) (n=9) (n=8)
Cover 4 8 7 9 6 5
Slope 7 7 7 7 3 5
Aspect 7 8 8 9 3 5
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Figure 6-1 Individual habitat selection ratios (used vs. available habitat units) of nine wild red stags
(S1, etc.) for three categories of foliage projective cover (see Materials and Methods — Foliage
Projective Cover) at night in summer at Cressbrook Dam Reserve, south-eastern Queensland between
March 2010 and March 2013.

Values >1 indicate preference for that habitat attribute, whilst values<1 indicate avoidance. All stags
displayed a significant habitat preference (P<0.05).
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6.4.1 Foliage Projective Cover

As a group, hinds displayed a preference for grassland over other vegetation cover classes at night,
regardless of season (Figure 6-2a). During the day, hinds showed a preference for either woodland
or forest cover classes. Grouped stag data showed that stags displayed a strong preference for
grassland in winter nights, but this preference was not repeated in summer or the rut (Figure 6-2b).
The analyses conducted on subsets of the winter night data for stags did not show any different
trends to the seasonal results for winter nights. Stags did display a preference for the heavier cover

of the forest in the day time regardless of season.
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Figure 6-2 Overall habitat selection ratios (used vs. available habitat units) for wild red hinds (a) and
wild red stags (b) for three categories of foliage projective cover (see Materials and Methods — Foliage
Projective Cover) at Cressbrook Dam Reserve, south-eastern Queensland between March 2010 and
March 2013 showing standard error and 95% Bonferroni post hoc groupings.

Values >1 indicate preference for that habitat attribute, whilst values<1 indicate avoidance. Results without
letter groupings were not significantly different.
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6.4.2 Slope

Hinds as a group selected for gentle slopes at night in the winter and summer (Figure 6-3a). During
the day, hinds selected moderate slopes, regardless of season. The only time that stags selected
gentle slopes was at night in winter (Figure 6-3b). Stags chose steep slopes for the time of day,

regardless of season.

O Gentle

1.9 —(a)
Moderate

Bl Steep

Habitat Selection Ratios

0.4 T C C
| Night | Day | Night | Day | Night |

Winter | Summer | Rut |

O Gentle
A Moderate
M Steep

Habitat Selection Ratios

C
C
Day | Night | Day | Night | Day | Night |

Winter | Summer | Rut |

Figure 6-3 Overall habitat selection ratios (used vs. available habitat units) for wild red hinds (a) and
wild red stags (b) for three categories of slope (see Materials and Methods — Slope) at Cressbrook Dam
Reserve, south-eastern Queensland between March 2010 and March 2013 showing standard error and
95% Bonferroni post hoc groupings.

Values >1 indicate preference for that habitat attribute, whilst values<1 indicate avoidance. Results without
letter groupings were not significantly different.
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6.4.3 Aspect

Hinds selected for a southerly aspect during both day and night in the winter, and in the night
during the rut (Figure 6-4a). Similarly, they selected for both southerly and westerly aspects during
the day in both summer and the rut. The only time that stags showed a strong selection for a
southerly aspect was during the night in winter (Figure 6-4b). Stags showed an affinity for an
easterly aspect selection at all times of the year, which was significantly greater than selection of
other aspects in the winter day and summer night.
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Figure 6-4 Overall habitat selection ratios (used vs. available habitat units) for wild red hinds (a) and
wild red stags (b) for four categories of aspect (see Materials and Methods — Aspect) at Cressbrook
Dam Reserve, south-eastern Queensland between March 2010 and March 2013 showing standard
error and 95% Bonferroni post hoc groupings.

Values >1 indicate preference for that habitat attribute, whilst values<1 indicate avoidance.
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6.5 Discussion

Both stags and hinds displayed a strong avoidance of open grassland in the day regardless of season
with stags showing a corresponding preference for forest areas and hinds a preference for either
woodland or forest areas in the day. We agree with Jerina (2009) that this behaviour is most likely
using the Woodland and Forest as cover or refuge during the day to avoid human (or predator)
interaction. An implication of this use of cover in the daytime that has been observed both in red
deer overseas (Carranza et al. 1991; Jerina 2009; Zweifel-Schielly et al. 2012) and at our study site
is that expanding wild red deer herds are not expected to preferentially establish new home ranges
in purely open country with little cover present unless forced by other factors. There is scope for
further habitat modelling for this introduced species, using vegetative cover as a predictor of
suitable habitat for expanding populations.

We found preferential habitat use of the grassland by both stags and hinds at night in the winter and
by hinds at night in the others seasons. Grazing in more open areas at night is a trait of red deer also
observed overseas (Carranza et al. 1991; Jerina 2009; Jerina 2012; Zweifel-Schielly et al. 2012).
This indicates that timing of any management activities within the day may be crucial. Should land
managers wish to just reduce deer numbers then the use of a vehicle and spotlight at night during
winter would be appropriate where legal. Should a selective harvest of specific deer be desirable
then management activities could be focussed on the late afternoon or early morning as deer utilise
more open areas at these times. For monitoring purposes, the night, late afternoon and early
morning are the best times of day to count deer due to the above mentioned factors.

From analysis of home range information (Amos et al. 2014) from the same collared deer as used in
this study, we concluded that the summer and rut seasons appear to be the best seasons to locate
deer when considering home range size, with the rut having the additional benefit of being the only
time that both hinds and stags congregate together. Combining the information from that study with
the above results we hypothesise that the rut is a good time for targeted monitoring or management
of hinds, especially at night. During the rut, hind home range and core areas appear to be small,
night time cover preferences are for grassland and slope preferences are for moderate to gentle
slopes. The rut is the ideal time to monitor or manage stags from their very vocal presence and close
association with hinds. However, the habitat preference data suggest that winter nights may also be
a good time to monitor or manage stags. Winter nights were the only time when stags actively chose
grassland areas with gentle slopes and a southerly orientation — which is a similar preference to

hinds for this time period.
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The winter habitat preference showed by both stags and hinds for the grassland at night is consistent
with European studies (Carranza et al. 1991; Zweifel-Schielly et al. 2012). Zweifel-Schielly et al.
(2012) concluded that for Alpine red deer this use of grassland in winter nights was to meet
nutritional requirements. Even though winters at our study site are mild they are also dry and we
speculate that animal nutritional requirements drive this behaviour as vegetation is greenest in the
open grassland areas immediately adjacent to Cressbrook Dam. This winter use of open grassland
by hinds and stags is likely to bring them into conflict with government land managers of high
value native vegetation, farmers with nutritious winter crops, golf course caretakers and other land
managers, as grazing pressure by red deer at this time of year will likely be higher. However, land
managers could use this nutritional drive to trial feed attractants such as lick blocks, supplementary
feed or small sacrificial crops to concentrate deer in localised areas to conduct management

processes.

There was some correlation among habitat and landscape variables analysed at the study site, and
this was also displayed in the results of analysis. For example, when stags showed a very strong
preference for grassland vegetation cover on winter nights, it explains their preference also
displayed for gentle slopes in the same time period, as grassland is generally found on the more
gentle slopes at the study site. Another example of links between habitat and landscape variables is
stags generally choosing steeper slopes and heavier vegetation categories - and these habitat

categories also co-incide at the study site.

During winter and summer days, stags chose the heavier cover of the forest, while hinds either
chose woodland or a mix of woodland and forest. This observation is in agreement with the findings
of Carranza et al. (1991) where stags used wooded areas more than females in a Mediterranean
ecosystem. The preference for heavier cover and steeper slopes by stags at our study site is likely to
be linked to predator avoidance, differing nutritional requirements of stags compared to hinds and
an avoidance of competition for resources with hinds (Carranza et al. 1991; Clutton-Brock et al.
1982).

We expected hinds to show a preference for an easterly or northerly aspect in winter to maximise
early morning sunlight, but they showed a preference for a southerly aspect. The stags also showed
a strong southerly preference for winter nights. This may be linked to pasture species that thrive
more in the shaded southerly aspect in this dry time of the year, especially in the grassland.
Unpublished data suggest that some dicots growing on the study area are highly palatable to deer
(e.g. Verbena bonariensis) and that these are sought after in winter. We also expected hinds to
avoid the westerly aspect in summer due to hot afternoon sunshine, but they preferentially chose the
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westerly and southerly aspects which may suggest that the climate at our study site is mild, and well

within the ranges encountered in other parts of this deer’s world-wide range.

Two of the general assumptions of using the methods of Manly et al. (2002) that may be
problematic in our study are the independent sampling of resource units, and animals having
unrestricted access to the entire distribution of available resource units. We could not guarantee the
independent sampling of resource units as we could not determine independence between animals.
We did not know the family lines of individual animals and the hinds at least were spatially close
together, and may not have independently used resource units. Also, we do not know if individuals
may have restricted access of others to some of the available resource units due to territoriality or
herd hierarchy. However we attempted to address these concerns by a random selection of target

animals and a relatively large sample size, taken from different parts of the study area.

6.6 Conclusion

Although the vegetation composition of our study site is mainly dry sclerophyll forest that varies
from the habitat of the wild red deer’s native range in Europe, we observed wild red deer choosing
habitat variables in a similar way to their European conspecifics. In particular we found deer use
higher levels of vegetative cover in the day compared to the night. The use of vegetative cover has
implications for the type of landscape that expanding herds of wild red deer are likely to establish
in, and there is scope for further research to model this association.

For land managers, we recommend choosing a suitable time of the year (i.e. rut or winter), and a
suitable time of the day (i.e. night, early morning or late afternoon) to conduct management
activities, or those activities may likely be unproductive. Stags at our study site selected for gentle
slopes and grassland during winter nights, and this period may provide an opportune time additional
to the rut for managers to locate these animals in locations similar to the Cressbrook Dam reserve.
Winter nights are likely to be times when deer exert a higher grazing pressure on nutritious pasture,
crops or native vegetation and this may in turn provide opportunities for land managers to

concentrate deer in localised areas with feed attractants for management purposes.
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Chapter 7 - General discussion and conclusions

Plate 9 End of a winter’s night boat spotlighting. (L-R) Les Kowitz, Matt Amos, Cameron Wilson,
Mike Brennan (shovel) and Gary Young. (Photo G. Harry — July 2011)
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7.1 Introduction

The number of deer and deer population groups appear to be increasing generally in Australia
(Jesser 2005; Moriarty 2004). Deer in certain circumstances may have detrimental environmental
effects (Bilney 2013), can be an agricultural pest (Jesser 2005) and a potential danger to road users
(Putman et al. 2011), yet they are also highly valued as a game species and for aesthetic reasons
(Finch & Baxter 2007; Jesser 2005). Legislation in Australia reflects this conundrum and the
legislative status of deer as either a pest or game animal varies between states. Red deer have been
well researched in their native European environments for many important biological factors such
as reproduction, population dynamics, home range, habitat use and population estimation
techniques. However, there has been a lack of peer reviewed research on introduced deer species in
Australia, particularly wild red deer. This research fills part of the knowledge gap about this species
in the Australian context and provides land managers and policy makers information that is not

inferred from other continents or climates.

This research focused on three main areas of wild red deer ecology: (I) a comparison of methods for
estimating wild red deer abundance, (I1) annual and seasonal home range of stags and hinds and
(11) habitat preferences of wild red deer in various seasons and times of day. To manage a species
effectively, management decisions must be based on sound population abundance estimates
(Sinclair et al. 2006). In Chapter 4 a comparison of deer population estimation techniques was
undertaken. Four popular methods of estimating deer numbers were compared for cost, labour input
and precision: spotlighting, distance sampling, aerial surveys and faecal pellet counts. The annual
and seasonal home range and movement of wild red stags and hinds was estimated at the study site
in Chapter 5 using the LoCoH home range estimator. The MCP and Kernel home range estimators
were also used to calculate annual home range for comparison with other studies. The seasonal
habitat preference of stags and hinds were explored in Chapter 6. This research compared the used
versus available habitat preferences for three habitat variables: foliage projective cover, slope and
aspect. This research was conducted for individual deer at the home range level, with grouped

results for three seasons and two times of the day.

7.2 Discussion
When comparing cost, labour input and precision, spotlighting performed the best overall. Distance
sampling gave repeated measures of fair precision, but was expensive. Aerial surveys were quick

but not as precise as other methods. Faecal pellet counts were precise but costly in terms of labour.
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The absolute abundance of deer was estimated by distance sampling to be approximately 28

deer/km? at the study site, which is high by world standards.

It was expected that spotlighting would perform well as this method has been recommended for use
with red deer (Acevedo et al. 2008; Garel et al. 2010). However, spotlighting has been heavily
criticised for use with white-tailed deer due to detection variability (Collier et al. 2013). A high
variability in detection was encountered in this research in 2011 when the number of deer detected
by spotlighting varied greatly from night to night, as evidenced by an increased coefficient of
variation of 18.1% compared to 9.7% and 8.7% for 2010 and 2012 respectively. This is most likely
linked to a cull of deer by TRC staff at night using spotlights at the study site in preceding months
resulting in the deer becoming wary of the spotlight. It may have also been associated with more
vegetative cover following the exceptionally high rainfall events that occurred earlier in 2011
resulting in the deer being harder to detect. However, this research provides support for the use of
the spotlighting method to provide an index of abundance for red deer in environments similar to

the study site on the grounds of precision, cost effectiveness and general ease of use.

Overseas researchers have successfully used distance sampling for estimating abundance of deer
populations (Acevedo et al. 2008; Focardi et al. 2002b; Gill et al. 1997; Jathanna et al. 2003) so this
method was expected to work well at the study site given the expectations of a reasonably high deer
density. Although it did give repeatable estimates of fair precision, this method was very labour
intensive and used more than double the labour input of spotlighting in time spent sampling alone,
without including time spent in travel or analysis. Part of the theory of this method is that if the
animal to be counted occurs in clusters or groups, then each cluster or group is counted as one
observation, and there needs to be approximately 60 to 80 observations to get a reasonable
population estimate (Buckland et al. 2001). One potential way to utilise this method in a more cost
effective manner, would be to conduct surveys at night using less intrusive methods such as red
filtered spotlights or thermal imagery as per Focardi et al. (2013). Deer at the study site showed a
much higher affinity for less heavily vegetated areas at night (see Chapter 5), so conducting the
surveys at night is expected to maximise the catch per unit effort — thus somewhat reducing the
labour requirement. From this research it is expected that unless (1) a large volunteer labour force
was available, (1) the distance sampling method was adapted to maximise cost per unit effort, or
(111) deer density was extremely high, the use of distance sampling to estimate abundance of red

deer in Australian conditions is likely to be unviable on the grounds of high labour input.

Aerial surveys have been used effectively overseas for estimating deer abundance (Daniels 2006;
Kantar & Cumberland 2013; Potvin et al. 2004). However, it was unknown if the terrain was too
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undulating and the vegetation cover too thick for aerial surveys to work well at the study site. This
method did compare well with other methods in terms of labour input and overall cost, but was the
least precise method. To increase precision, more time surveying would be needed, at extra cost in
terms of labour and vehicle hire. It is likely that this method would prove quite expensive at low
deer densities, but could be quite well utilised in a situation similar to this research site, especially if

funds were available for helicopter hire and labour was limited.

The faecal pellet count derivation used (Faecal Pellet Index) in this this research has been utilised
on red deer in New Zealand, and has been shown to have a positive and linear relationship with
absolute abundance (Forsyth et al. 2007). It was expected to work well at the study site, and has
been used elsewhere in Australia for counting other deer species (Forsyth et al. 2011). This research
has shown that in sub-tropical grasslands this method was quite labour intensive — even though a
repeatedly precise estimate was obtained. Relative precision projections suggest that the field effort
could have been halved whilst still attaining a satisfactory level of precision (CV~15%) which
would have dramatically reduced the cost of this method. It is expected that this method was
designed with lower deer densities in mind as it has bootstrapping in the analysis. In this research
the analysis was trialled with and without bootstrapping and it made no difference to the 95%
confidence intervals. The results of this research indicate that the faecal pellet index would be better
utilised in areas with lower numbers of deer and shorter or sparser pasture than was encountered in
the catchment around Cressbrook Dam, or in similar high density deer localities the sampling effort

could be reduced.

These methods of estimating abundance could not be compared against the actual abundance of
deer for accuracy, as the actual abundance of deer at the study site was not known. Different
methods for estimating abundance have been compared before using cost, labour input, and
precision (coefficient of variation) (Acevedo et al. 2008; Daniels 2006). However the use of pooled
standard deviation and pooled relative precision were unique in this study, as was the projection of
relative precision for different labour inputs. All of the above comparisons would be of particular
interest to land managers setting out to implement a red deer abundance monitoring program in

similar conditions to that of the Cresshrook Dam catchment reserve.

The LoCoH method was used to estimate annual and seasonal home range of wild deer at the study
site. The LoCoH estimator is reported as being particularly useful for estimating home range areas
where there are sharp geographic boundaries (Getz & Wilmers 2004). This method did perform

well and excluded areas that deer had not been observed using as part of their home range.
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Annual home range (LoCoH) was estimated to be a mean of 359 ha for hinds and 1,323 ha for
stags. Overseas studies have also reported a larger home range for stags than hinds (Georgii 1980;
Georgii & Schroder 1983; Jerina 2012; Kamler et al. 2008; Lovari et al. 2007) so these results were
expected. However, comparison of the annual home ranges estimated with the MCP and Kernel
methods from this research with overseas research showed that wild red deer from south-eastern
Queensland had annual home range areas that were among the largest of those reported. This was
unexpected due to the high estimated deer density (Chapter 3) at the study site, as some researchers
(Carranza et al. 1991; Jerina 2012) have proposed an inverse relationship between deer density and
deer home range area. Although this variation in the relationship between density and home range
area cannot be adequately explained from this research, it is expected that a contributing factor to
Australian wild red deer having large home range areas at high densities is erratic rainfall patterns

and possibly other factors such as a mild climate and poor soils.

Whilst exploring the above mentioned link between home range area and seasonal conditions in the
seasonal home range analysis, four deer (1 stag, 3 hinds) that contributed data to both winter 2010
and winter 2011 had significantly larger seasonal home range areas in winter 2010. Although
hampered by small sample size, this result would indicate that deer were behaving differently in
those two seasons. When viewed against rainfall and pasture growth in those two years, the rainfall
and thus pasture growth leading up to winter 2010 was extremely low, with quite the reverse in
2011 following flood rains in January of that year. As seasonal conditions affect the home range of
other animals such as macropods (Fisher & Owens 2000) it is expected that the home range area of

wild red deer in Australia may also vary inversely with seasonal conditions.

Other analysis of the seasonal home range areas showed no statistically significant trends, apart
from males having greater home range areas than hinds in some seasons. However, there did appear
to be a trend toward stags having larger winter home range areas than for other seasons. The large
winter home range for stags is likely driven by nutritional requirements during this season for two
reasons: (I) stags lose a lot of body weight during the rut and have high nutritional demands at this
time (Mitchell et al. 1976) and (1) the winter season at Cressbrook Dam is the dry season, so
generally the nutritional value of pasture (i.e. crude protein) is much lower at this time of year
(Foster & Blight 1984). Due to these factors it is expected that stags roam more to try to source
patches of food with higher nutrient content.

Wild red deer at Cressbrook Dam displayed typical crepuscular movement behaviour (Clutton-
Brock et al. 1982). However, this research did not show that stags have elevated movement activity

in summer. This coupled with the trend towards larger home range areas in winter mentioned above
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is different from overseas reports. In Europe, stags have larger home range areas and elevated
activity in summer (Clutton-Brock et al. 1982; Georgii & Schroder 1983). This variation in
behaviour for stags is most likely linked to mild climatic conditions in south-eastern Queensland

compared to the reports from the red deer’s native range with more extreme climatic conditions.

Wild red deer around Cressbrook Dam generally preferred areas with vegetative cover rather than
open areas during the day regardless of season, with stags always choosing the heavier cover of
forested areas during the day. These results were as expected, and agree with reported deer
behaviour from overseas (Carranza et al. 1991; Jerina 2009; Zweifel-Schielly et al. 2012). There are
no large predators such as wolves at the study site and the deer are reasonably protected from
human hunting with only occasional culls or illegal hunting which suggests that deer have an innate
preference for cover during the day, and/or even low levels of hunting are enough to reinforce or

induce this behaviour.

Hinds showed a preference for open grassland during the night regardless of season. As most of the
hinds had home range areas that bordered the lush open grassland of the lake foreshore, it seems
reasonable that they would utilise this important resource, as pasture cover was much greater and
thus nutritional value expected to be higher in the grassland than woodland or forested areas. Stags
showed a strong preference for open grassland during winter nights, but not during the rest of the
year. It is expected that nutritional demands drove this selection as unpublished data from the
Cressbrook Dam research site suggest deer heavily graze dicots such as Verbena bonariensis in the

grassland in winter (unpublished data).

Hinds showed a strong preference for a southerly aspect in both winter days and nights, and stags
showed a strong preference for a southerly aspect on winter nights. Considering most of the cold
winter winds come from the south or west, this result suggests that the mild climate at Cressbook
Dam is not limiting deer winter behaviour. The reason for deer selecting a southerly aspect on
winter nights is not understood, but one possibility, that is yet to be investigated, is that highly
palatable or nutritious plants grows in a southerly aspect in the winter grassland pasture at the study

site.

A strength of this research was the number of methods trialled and the volunteer labour available

for the comparison of population estimation methods. In most research situations, there are few

funds available to trial more than a couple of methods and not the available labour that was utilised

in this study. It is estimated that the labour input to conduct the faecal pellet count twice was in the

order of 240 person hours without analysis of the data. The large amount of volunteer labour

available also meant that methods could be trialled over a short time period in a particular season to
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keep variance due to changes in weather or seasonal changes to a minimum. For example, all
distance sampling events were conducted within a four day period utilising 8 or more people,
whereas if only one or two people were utilised it would have required at least two weeks.

A limiting factor of this research was that the absolute density of deer at the research site was not
known. Knowing the actual abundance would have helped evaluate methods. For example, there
was not a consistent trend in abundance between years for the distance sampling and faecal pellet
count methods, the two methods with a high labour input. As the absolute abundance was unknown
for the study site, it could not be determined which method was more accurate, although relative

precision was compared.

Another limiting factor of this research was the lack of both spatial and temporal replication. The
study site had a high density of deer, and it would have been beneficial to replicate the population
estimation methods in an area of low deer density. Also, the research was only conducted for 3
years, and it would have been valuable to trial these methods over a longer time frame. There was a
lack of temporal replication for the aerial survey that could not be avoided due to financial

constraints.

This home range study is a first for red deer in Australia, and important for understanding how these
animals behave as an introduced species. The number of deer successfully collared in an Australian
environment during the course of this research was a strength of the research, particularly since the
methodology for capturing animals was limited by ethical reasons to darting on foot. A limitation of
the home range research was that there could have been more spatial variation in where deer were
captured, as many of the home range areas overlapped and individuals could well have been
competing for the same resources. There was also no sure way of determining the independence of
the individuals, as no genetic studies were conducted, although field observations and the resultant
collar data indicate that collared deer were independent. Another limitation of the research was that
deer capture and collaring occurred over a two year period. It would have been preferable to have
deer radio-collared in a very short time period so that all location results could be compared for the
same duration of time in the same seasons. It was not possible to radio-collar all deer at the same
time due to the difficulty of locating deer without being seen, and then approaching the deer to

within darting range (<50 m) without being observed.

A strength of the habitat research was the sampling rate of GPS location points (every 90 minutes)
on the deer collars allowed a number of time periods to be sampled throughout the day. A limitation

was that there was not a complementary vegetation analysis at the same time. Vegetation analysis
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would have allowed correlation of nutrient status with observed habitat preferences, however, such

analysis was beyond the scope of this study.

7.3 Further Research

This research has some unanswered questions that could profitably be explored by further research.
In my population estimation methods research, camera traps and thermal imaging were not trialled
due to lack of time and finances. Camera traps have advantages such as being non-intrusive,
requiring only low labour input in the field and sampling any time of the day and night. Camera
traps were trialled at the study site as part of a separate honours project (Chinnock 2011) using the
Jacobson camera method (Jacobson et al. 1997). Although the May 2010 camera estimate of 68.3
deer/km? was within the 95% confidence intervals of the October 2010 distance sampling results
(22.6 — 87.7 deer/km?)(see Chapter 4), the June 2010 camera estimate of 241.8 deer/km? was not
(Chinnock 2011). An assumption of this method is that stags and hinds must be captured on
photographs in the same proportions as they occur in the population (Jacobson et al. 1997). In the
home range part of this thesis some stags were observed as having a different home range location
for the mating season compared to the rest of the year, which accounts for the huge discrepancy
between the camera estimates obtained in May and June. The mating season at the study site is in
March/April and some stags were still present in May, but had largely moved out of the study site in
June, affecting the stag/hind ratio and hence the population estimate. This method needs more
refinement to be used on species of deer where the sexes do not reliably congregate together, and

for red deer in Australia should be trialled in the mating season.

Thermal imagery could be very useful for nocturnal sampling when deer are in more open areas. It
is less intrusive than spotlighting, and may be able to penetrate light cover more effectively than
spotlighting. It is suggested that thermal imagery could be trialled as per Focardi et al. (2013) in
conjunction with distance sampling. Another variation of thermal imaging that is expected to
produce good results would be in aerial survey. With advances in technology, thermal imaging
equipment prices are decreasing, and access to unmanned aerial vehicles (UAV) (drones) is
increasing, so both of these technologies may be successfully integrated in future studies. Both or
either of these methods could provide an important alternative to spotlighting to provide abundance

information.

Further research could also include trials of population manipulation indices especially in areas

where culls are scheduled to occur. Previously, Finch (2003) used the index-manipulation-index

method at the study site and obtained a population density estimate of 35.2 deer/km? in an area that
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had a large proportion of open grassland. Although conducted much earlier than the current study
this estimate corresponds to the distance sampling estimates in Chapter 4 of between 39.9 and 51.6
deer/km? in the grassland and between 25.9 and 30.1 deer/km? overall. The agreement of these
studies indicate that the population manipulation indices may have some merit in similar

circumstances, especially as they appear less labour intensive than distance sampling.

The home range research uncovered some areas of wild red deer ecology in Australia that should be
further explored. Stags in Europe show elevated activity and larger home ranges in summer, and
neither of these results were observed during this research. It appears that there is a link between
seasonal conditions and seasonal home range at the study site that has not been previously
documented, but was from a very limited sample size. Also, European researchers have proposed an
inverse relationship between red deer density and home range area, yet wild red deer at the research
site displayed comparatively large home range areas and relatively high densities which cannot

adequately be explained.

Avreas of further research related to the habitat preference should include further mapping or
modelling of the relationships between the diurnal use of vegetation cover and both the percent and
composition of vegetation cover available. Further research could also be conducted at the study
site to develop fine-scale vegetation maps. The mapping of plant associations may verify causes of
selection such as what plants were attracting deer to the southerly aspect of the grassland vegetation

in the winter nights.

7.4 Conclusion

This research has achieved its aim of increasing the collective knowledge of wild red deer ecology
in the Australian setting. The wild red deer sampled in this research were part of the south-eastern
Queensland herd — the largest single population group of red deer in Australia. This population
although not representative in terms of climate for all Australian wild red deer nonetheless could

contain nearly half the population of red deer in Australia (Moriarty 2004).

This research shows that wild red deer were behaving in many aspects of home range and habitat
preferences as expected from overseas research. Commonality between this research and overseas
research included the crepuscular behaviour of wild red deer, males having a greater home range
area than females, the winter night usage of open grassland areas and the general preference for
vegetative cover in the day. This general predictability is important to land managers and policy
makers as they can make general assumptions about Australian wild red deer based on overseas
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research for management purposes. However, this research highlights in particular some variations
in Australian wild red deer behaviour that may have not have been previously documented.
Australian stags do not display the large home range areas and elevated movement patterns in
summer like stags overseas. There may be an important link between seasonal home range area and
seasonal conditions and also between home range area and deer density that has not been shown in

overseas research.

This research also compared four important methods used to estimate abundance or provide an
index of abundance of wild red deer. Abundance monitoring is likely to become more important to
land managers if deer herds continue to expand and the number of deer continues to increase. This
research has not previously been conducted in an Australian setting and may prove invaluable for

land managers who can’t afford such trials.

Land managers will in most cases choose spotlighting of the four methods trialled to monitor wild
red deer abundance due to efficiency. Aerial surveys are also likely to be useful if deer densities are
high, but may become quite expensive if numbers are low. It is unlikely that distance sampling as
conducted in this research would be utilised by land managers and researchers due to the high
labour input, but a derivation of this method may be useful. Faecal pellet counts are not likely to be
used by land managers in sub-tropical settings unless deer density and pasture density is lower than
experienced during this research, or the labour cost will be prohibitive.

Both the home range and habitat preference results suggest that monitoring and management of
wild red deer may be ineffective if not undertaken at the optimum time of day and year. This
research suggests that night is the best time of day to see deer in more open areas, with early
morning and late afternoon the next best times. The rut season (March/April) is an opportune time
for management activities as both stags and hinds are congregated, with stags showing a strong
vocal presence, and hinds having very small home range areas. Winter nights are also a good time
of year to find both stags and hinds in more open vegetation, and may be opportune for trialling

feed attractants to congregate local deer populations.

This habitat preference research suggests that wild red deer preferentially use areas with vegetative
cover during the day, so the availability of vegetative cover will most likely be an important factor
in the spread of any expanding red deer populations. Observations at the study site did not suggest
that there were any climatic constraints at the study site and so similar climates are not expected to

hamper spread of any expanding populations.
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Now that wild deer are established in Australia, and their spread is being assisted by anthropogenic
factors (Moriarty 2004), it is likely that deer management will be an imperative for land managers
and policy makers in new and established deer areas for the foreseeable future. The findings of this
research will assist land managers and policy makers when making decisions based on the ecology
of wild red deer. This research will also assist land managers evaluate and implement methods for

estimating deer abundance in sub-tropical areas.
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