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Abstract. Deer are among theworld’smost successful invasivemammals and can have substantial deleterious impacts on
natural and agricultural ecosystems. Six species have established wild populations in Australia, and the distributions and
abundances of some species are increasing. Approaches to managing wild deer in Australia are diverse and complex, with
some populations managed as ‘game’ and others as ‘pests’. Implementation of cost-effective management strategies that
account for this complexity is hindered bya lackof knowledgeof the nature, extent and severity of deer impacts. To clarify the
knowledge base and identify research needs, we conducted a systematic review of the impacts andmanagement of wild deer
inAustralia.Mostwild deer are in south-easternAustralia, but bioclimatic analysis suggested that four species arewell suited
to the tropical and subtropical climates of northern Australia. Deer could potentially occupymost of the continent, including
parts of the arid interior. Themost significant impacts are likely to occur through direct effects of herbivory, with potentially
cascading indirect effects on fauna and ecosystem processes. However, evidence of impacts in Australia is largely
observational, and few studies have experimentally partitioned the impacts of deer from those of sympatric native and
other introduced herbivores. Furthermore, there has been little rigorous testing of the efficacy of deer management in
Australia, and our understanding of the deer ecology required to guide deer management is limited. We identified the
following six priority research areas: (i) identifying long-term changes in plant communities caused by deer; (ii)
understanding interactions with other fauna; (iii) measuring impacts on water quality; (iv) assessing economic impacts
on agriculture (including as disease vectors); (v) evaluating efficacy of management for mitigating deer impacts; and (vi)
quantifying changes in distribution and abundance. Addressing these knowledge gaps will assist the development and
prioritisation of cost-effective management strategies and help increase stakeholder support for managing the impacts of
deer on Australian ecosystems.
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herbivore, fallow deer, fencing, hog deer, red deer, rusa deer, sambar.
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Introduction

Globally, deer (family Cervidae) have been widely introduced
outside their native ranges, with populations being established
throughout the world (Long 2003; Clout and Russell 2008;
Fig. 1). They have adapted to a wide range of habitats (Lowe
et al. 2000; Long 2003; Forsyth et al. 2004), and, in some cases,

become overabundant (Côté et al. 2004; Nugent et al. 2011).
Deer have been described as ‘keystone species’ and ‘ecosystem
engineers’ because of their ability to modify ecosystem function
at the landscape scale (Rooney and Waller 2003; Côté et al.
2004). Internationally, the detrimental effects of deer on natural
and agricultural ecosystems have been extensively documented
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(review in Côté et al. 2004). The type and severity of impacts and
the mechanisms involved are diverse, ranging from direct
physical impacts of foraging on native flora and crops, through
to indirect impacts on native fauna and livestock via competition
and pathogen transmission, and complex changes tomultitrophic
interactions (such as nutrient cycling) that influence the
functioning of ecosystems (Putman and Moore 1998; Rooney
and Waller 2003; Côté et al. 2004).

In Australia, establishment of wild deer populations began in
the mid-1800s, when Acclimatisation Societies released deer for
hunting (Bentley 1998; Hall and Gill 2005). Establishment has
continued to the present with accidental farm escapes and
deliberate releases (Moriarty 2004a). Of 18 species released
into the wild, the following six have established wild
populations and expanded their ranges beyond the sites of

initial introduction: sambar (Rusa unicolor), red deer (Cervus
elaphus), rusa deer (Rusa timorensis), fallow deer (Dama dama),
chital (Axis axis) and hog deer (Axis porcinus; Bentley 1998;
Forsyth et al. 2004; nomenclature for all deer species follows
Wilson and Mittermeier 2011). Here, we use ‘deer’ collectively
for the six species found in wild populations in Australia, unless
otherwise specified.

Historically, deer in Australia were thought to occur at low
densities (Strahan 1995). Anecdotal observations and hunting
records suggest that the distributions and abundances of some
species are increasing (Claridge 2014; Wicks et al. 2014; Burgin
et al. 2015).The fewstudies that haveattempted toquantify trends
in abundance and distribution support assertions of recent
increases that are likely to continue (Gormley et al. 2011;
Forsyth et al. 2012; Potts et al. 2014). Wild deer are present in

(a)

(b)

Fallow deer

Chital

Hog deer

Rusa deer

Red deer

Sambar

Fig. 1. Global native distributions of the six deer species that have established wild populations in Australia:
(a) fallow deer (Dama dama), chital (Axis axis), hog deer (Axis porcinus), rusa deer (Rusa timorensis); (b) red deer
(Cervus elephus) and sambar (Rusa unicolor) (IUCN 2015).
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every state and territory (Moriarty 2004a) and occupy habitats
ranging from temperate forests to montane and arid woodlands,
grasslands, tropical savanna and rainforest (Table S1, available as
Supplementary material to this paper).

The management of deer in Australia is an increasingly
important, complex (Finch and Baxter 2007; Potts et al. 2014;
Burgin et al. 2015) and costly (McLeod 2004) issue. Although
legislation addresses the damaging impacts of deer in some
jurisdictions (e.g. NSW Department of Environment and
Conservation 2004), it can conflict with game-management
objectives (Table 1). The contested policy and legislative
positions between viewing deer as a resource (game) or a
pest reflects the divergent views within the broader
community. Given that it is unlikely that established deer
species could be eradicated from Australia, we need to find
ways to sustainably coexist with them. Managing deer requires
an understanding of the way in which they interact with
and affect natural and agricultural ecosystems (English
2007). To assist with the development of cost-effective
strategies for managing deer impacts in Australia, we
conducted a systematic review (Pullin and Knight 2009) of
the evidence regarding impacts of wild deer and the effectiveness
of their management in Australia. To establish the potential
magnitude of impacts and management, we first mapped the
current distribution of wild deer in Australia and estimated the
potential for future range expansion. We then (1) synthesised
studies investigating modification of natural and agricultural
ecosystems by wild deer in Australia, (2) documented the
current legal status of deer in Australia and identified
evidence of the efficacy of their management and (3)
identified current knowledge gaps to inform future research
priorities.

Materials and methods
Current and potential distributions of deer in Australia

The distributions of wild deer in Australia were mapped
by West (2011). We considered those distributions to be
minimum estimates of the current distribution, given that some
verified and unverified records of deer in Australia were not
included. For example, sambar occur in the Cobourg Peninsula,
Northern Territory (http://www.pestsmart.org.au/wild-deer-
density-2007-northern-territory/,verified August 2015), and
there are unverified records of fallow deer, rusa deer and red
deer in south-westernWesternAustralia, reddeer in south-eastern
South Australia, and fallow and red deer in the mid-north of
South Australia.

Potential distributionswere inferred usingClimatch (Crombie
et al. 2008; Invasive Animals CRC 2011), an algorithm that
predicts the likely range of an exotic species by comparing
climates in occupied and potential locations (Crombie et al.
2008; S2, available as Supplementary Material to this paper).
We used global maps of the native range of each deer species
(IUCN 2015; Fig. 1) to define the climate inputs and specified the
Australian continent as the target region.For consistency,weused
IUCN data for all species. Euclidean distances were used to
calculate the ‘climate distance’ between input sites and each
target site across the 16 temperature and rainfall variables used
in the analysis (S2).

Reviewing the literature on deer in Australia
We used a systematic search strategy (S3, available as
Supplementary Material to this paper) to identify relevant
journal articles, books, unpublished reports, conference
proceedings and theses. We focussed on evidence of the
current detrimental modification of natural and agricultural
ecosystems and associated infrastructure, and evidence of the
efficacy of approaches being used to manage wild deer in
Australia. We did not consider positive impacts. However, we
did review studies on the economicbenefits of deer hunting, given
their relevance to management. We did not consider social
impacts, which were reviewed recently by Burgin et al. (2015).

We reviewed all literature identified during our searches,
including literature that did not contain primary studies, use
explicit and reproducible methods, or have a minimum
acceptable level of design (Khan et al. 2003). This is because
deer management is currently being guided by the limited
Australian literature available, which includes weak evidence
such as anecdotal reports. We included unpublished literature to
minimise publication bias (Leimu and Koricheva 2005). We
tabulated the objectives, characteristics and outcomes of each
study, and used a scoring system to assess the quality of the
methods (S3). As the data presented in the literature were
unsuitable for meta-analysis, we used a modified systematic
quantitative literature review (Pickering and Byrne 2014) and
provide a qualitative evaluation of the evidence supporting the
conclusions made.

Results

Current and potential distributions of deer in Australia

Successful establishment of deer in Australia is positively
related to the number of individuals introduced (Forsyth et al.
2004). The mismatch between realised and potential
distributions (Fig. 2) and the history of escapes from deer
farms and illegal translocations (Moriarty 2004a) indicate that
current distributions are largely an artefact of historical locations
of liberation and escape (Caley et al. 2011). Therefore, deer
populations are likely to be far from equilibrium (Caley et al.
2011). These findings are important because of the irruptive
dynamics typical of deer invasions internationally (Forsyth
and Caley 2006) and the potential for some species to
hybridise (e.g. sambar� rusa deer; Bentley 1998).

Deer have the potential to occupy most of Australia,
including parts of the arid interior (Fig. 2). Northern
Australia has almost 50% of Australia’s cattle (Bos taurus)
population, and 75% of land is devoted to livestock production
(PricewaterhouseCoopers 2011); it could be the next frontier
for deer invasion (Fig. 2). Modelling of the factors hypothesised
to determine the establishment success of deer introduced
to Australia provides evidence that climatic suitability is an
important determinant of the spread of existing populations
(S3; Forsyth et al. 2004). Given the broad climatic zones that
deer are able to occupy (Figs 1, 2) and the large areas of
Australia that are climatically suitable for some deer species
but are currently unoccupied (Fig. 2), it is likely that multiple
deer species will occur in sympatry in many areas. We may
experience a complex biogeographic re-assortment of the
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Table 1. Primary legislation for the management of deer in Australian states and territories
Other legislation such as animal welfare, firearms, workplace health and safety are excluded

State/territory Status of wild deer Relevant legislation Key aspects

Australian
Capital
Territory

Pest Pest Plants and Animals Act 2005
Pest Plants and Animals (Pest
Animals) Declaration 2005

Lists Cervus spp. and Dama spp. as pests.

New South
Wales

Game Game and Feral Animal
Control Act 2002

Lists ‘Deer (family Cervidae)’.

Game and Feral Animal
Control Regulation 2012

*Deermay be hunted under a licence.Written permission required for hunting
on specified public lands (online booking system).

* Year-long hunting season for sambar, chital and rusa deer; restricted hunting
season for fallow deer and red deer (8 months) and hog deer (1 month).

* Different restrictions apply to four Ecological Deer Management (EDM)
forests.

Key threatening
process

Threatened Species
Conservation Act 1995

Feral deer (all species) listed as a Key Threatening Process for herbivory and
environmental degradation.

Northern
Territory

Pest (feral –
prohibited entrant)

Territory Parks and Wildlife
Conservation Act 2006

Northern Territory Government
Gazette No. G2, 17 January 2001

Lists Cervus spp.

Queensland Pest Land Protection (Pest and Stock
Route Management) Act 2002

* Class 1 pest – sambar and hog deer. Priority for eradication because not
established.

* Class 2 pest – chital and rusa deer. Private land managers are required to
control.

* Class 3 pest – red deer and fallow deer. Private land managers are only
required to control where their land adjoins protected environmental assets,
e.g. national parks.

South Australia Pest (declared
animal)

Natural Resources Management
Act 2004

It is an offence to release deer into the wild; sightings must be reported to a
Natural Resource Management authority; deer must be controlled on
private land.

Tasmania Wildlife Nature Conservation Act 2002
Partly protected
wildlife

Wildlife (General)
Regulations 2010

* Fallow deer may be hunted under a licence in specified autumn hunting
season (1 month antlered males, 2 months antlerless deer). Bag limit of 1
maleand1antlerlessdeeror2 antlerlessdeer. First-yearmales areprotected.
Only rifle hunting permitted.

* Crop protection permit (CPP) required for controlling problem deer on
private land. May include all sex and age classes. CPP for adult male deer
requires a site visit by the Department to assess damage. CPP are generally
not issued for antlerless deerNovember–Marchwhen females are pregnant/
have dependent young.

Victoria Wildlife Wildlife Act 1975 * All deer are protected as wildlife. Six species (chital, rusa deer, hog deer,
fallow deer, sambar and red deer) are further declared game species for the
purpose of the Wildlife (Game) Regulations 2012.

* Deer causing damage on public land can be destroyed under an Authority to
Control Wildlife Permit.

*Deer (excluding hogdeer) demonstrably causingdamageonprivate property
are subject to an ‘unprotectionorder’ andcanbedestroyedwithoutpermit in
accordance with specified conditions.

Game Wildlife (Game)
Regulations 2012

Deer declared to be game can be hunted under a licencewhere harvestmethod
is specified (e.g. firearms, hounds). Year-long hunting season and
unrestricted bag limit for all game deer species, except hog deer (onemonth
season, limit of one male and one female). Other restrictions may apply on
public land.

Pest Catchment and Land
Protection Act 1994

All deer except chital, hog deer, red deer, wapiti, sika, sika–red deer hybrids,
fallow deer, rusa deer and sambar, are listed as prohibited pest animals.

Potentially
threatening
process

Flora and Fauna
Guarantee Act 1988

Sambar are listed as a Potentially Threatening Process for the reduction in
biodiversity of native vegetation.

Western
Australia

Declared Pest Biosecurity and Agriculture
Management Act 2007

* Fallow, red deer (including wapiti and elk) and rusa deer are declared
pests (s22) in Western Australia.

* Fallow deer and red deer (including wapiti and elk) may be kept with a
permit. All other species are prohibited from being kept in Western
Australia.
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suite of native and introduced herbivores within Australia,
and climate change could compound this process (Caley
et al. 2011).

Colonisation of a new range by deer is likely to be driven by
interactions among fire, native vegetation modification, primary
production, climate change (Putman andMoore 1998; Rius et al.

2014), human population growth and associated human–wildlife
interactions (Burgin et al. 2015). The influence of fire on deer has
been examined in Australia. Anecdotal reports suggest that a
direct effect of fire is to cause home-range shifts by deer, which
flee fires and must seek food and cover in unburned areas. Fire
is speculated to have contributed to the spread of sambar in

Sambar Hog deer

Predicted distribution
High

Low

Current distribution

Rusa deer

ChitalFallow deer

Red deer

(a) (b)

(c)

(e)

(d )

(f )

Fig.2. Current (red;West 2011) andpotential distribution (greyscale)of the sixdeer species established in thewild inAustralia.
The potential distributions were estimated using the Climatch algorithm (Invasive Animals CRC 2011).
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Victoria (Bentley 1998). Forsyth et al. (2012) assessed the
effects of wildfire on sambar abundance, using faecal pellet
counts. The large-scale, high-severity fire killed all sambar in
the burnt site.However, sambar recolonisedwithin16–24months
and, subsequently, increased in abundance. In contrast, sambar
abundance continued to increase at the unburnt site. At a smaller
scale, pre- and post-fire pellet counts revealed that low-intensity
fire had little effect on hog deer abundance (Davis 2010a).
Similarly, vegetation management using mechanical slashing
did not alter habitat use by hog deer (Davis et al. 2016).
The influence of ecological and physiological limits,
geographical barriers (Webley et al. 2007), drought, climate
change, land-use patterns, predation (including hunting) and
disease on expansion of Australian deer populations remains
unknown.

Summary of literature reviewed

We found 55 peer-reviewed and four non-peer-reviewed journal
articles, eight books, seven book chapters, 35 theses, 84 reports
and 23 conference proceedings (S3). Of the 216 publications,
21 could not be accessed, 59% were produced in the past
decade (2007–16) and 56% of peer-reviewed journal articles
were published in the past 7 years (2010–16; S3). Most
peer-reviewed research has been conducted in south-eastern
Australia, particularly Victoria (45%; S3). Most studies were
conducted across multiple habitat types and land tenures,
and only 2% were conducted on private agricultural land (S3).
Sambar was the most studied species, followed by fallow deer
(Table 2, S3).

Impacts

The impacts of deer species can vary according to their bodymass,
population density and ecology, and habitats and ecosystems
vary in their susceptibility to, and ability to recover from, deer
impacts (Putman et al. 2011). The six wild deer species in
Australia evolved in a wide range of environments, from
temperate to tropical (Fig. 1; Geist 1998). Their masses
overlap those of small (�30 kg) to large (>180 kg) native and
introduced herbivores (van Dyck and Strahan 2008). Although
poorly understood inAustralian conditions, given that bodymass
is correlated with foraging niche (Clauss et al. 2013), their diets
are likely to be broad (S1). The broad ecological niche potentially
occupied by deer in Australia has implications for their impacts
on natural and agricultural ecosystems.

Changes in plant communities

Studies of deer diet in Australia (S1) have indicated potential
negative impacts on a variety of plant species, with qualitative
observations of selective foraging by deer and disproportionate
effects on plants with an inferred low tolerance to herbivory (Peel
et al. 2005; Rehwinkel 2008; Claridge 2014). The usefulness
of these field observations is limited by the difficulty of
distinguishing deer browsing from that by other herbivores
(Stockwell 2003), failure to quantify the abundance of deer
and other herbivore species, and lack of experimental controls
(S3). Most diet analyses have not quantified food availability
and, hence, cannot be used to infer diet selection (S3).

Enclosure and exclosure studies provide stronger evidence
for effects on vegetation, particularly when differential
exclosures partition the effects of deer from those of other
herbivores (Table 2, S3). By quantifying changes over time in
vegetation exposed to or protected from deer, nine exclosure
studies and one enclosure study have provided strong evidence
that deer defoliate, strip bark and break stems (Keith and
Pellow 2005), leading to reductions in plant biomass in the
shrub layer, impeded vertical growth (Bennett 2008) and
altered community composition (Hamilton 1981; Moore
1994). Exclosure studies have also provided evidence that
deer reduce vegetation cover, tree regeneration (Roberts 2013),
plant biomass (Davis 2010b, 2014), sapling growth (Davis and
Coulson 2010) and plant species diversity (Hamilton 1981).
Further, a study comparing vegetation at locations with high
(>20 deer km–2) and low (<10 deer km–2) densities of rusa deer
suggested that they reduce understorey plant diversity
(Moriarty 2004b), although the limited scale of that study
restricts the extent to which deer can be inferred to be the
primary cause. Although these studies have demonstrated that
deer herbivory affects vegetation at small scales, evidence of
impacts at larger scales is anecdotal (Scientific Advisory
Committee 2007; Claridge 2014).

The potential for sambar and hog deer to act as seed dispersers
is indicated by their broad diets (S1) and large home ranges
(Taylor 1971; Statham and Statham 1996; Mason 2006).
Greenhouse trials have demonstrated that deer ingest and
excrete viable seeds of exotic and native Australian plant
species, including weeds (Eyles 2002; Davis et al. 2010).
Consumption but not excretion of viable seeds of native and
exotic species has also been documented for red deer (Finch
2000) and fallow deer (Philipps 1985; Parker 2009). No
Australian study has demonstrated the effects of endozoochory
or epizoochory on seed dispersal, or their consequences for plant
populations or communities.

The most comprehensive assessments of impacts from antler
rubbing have involved targeted surveys for threatened species,
which have indicated that rubbing can damage and kill a large
proportion of plants (Table 2). However, surveys are correlative,
and impacts such as reduced foliage cover andmortality have not
been experimentally confirmed as caused by deer (S3; e.g.
Bennett and Coulson 2011; Bilney 2013). Selective use of tree
species and size classes for rubbing and thrashing by sambar has
been demonstrated using systematic vegetation surveys. Shiny
nematolepis (Nematolepis wilsonii) saplings with a large stem
diameter are targeted (Bennett and Coulson 2011), whereas the
severity of antler rubbing on yellowwood (Acronychia
oblongifolia) decreases as diameter at breast height increases
(Bilney 2013). However, no study has investigated the
consequences of antler activities for plant population viability
or community composition.

Rutting and fighting by sambar may create patches of bare
ground of up to 30m in diameter (Bennett 2012). Bowman (2014)
attributed reduced understorey vegetation to sambar activity,
Moore (1994) documented reduced density of grasses in an
enclosure with high sambar densities, and Jesser (2005) reported
anecdotal observations that high chital densities expose bare
ground. It has been speculated that removal of vegetation by
deer causes increased light levels, disrupts moisture dynamics
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(Department of Sustainability and Environment 2010) and
facilitates weed invasion (Jesser 2005); however, this has not
been investigated in Australia.

Interspecific competition with native fauna

Potential for competition for food and habitat resources between
native herbivores and deer is high in Australia, given the overlap
in diet (e.g.Davis et al. 2008;Forsyth andDavis 2011). Thenative
species that overlap in body mass (e.g. common wombats,
Vombatus ursinus, and macropods such as Macropus and
Wallabia; van Dyck and Strahan 2008) and dietary preference
are likely tobemost at risk fromcompetition for food. Five studies
have demonstrated moderate to high dietary overlap, particularly
when food limitation is greatest (Table 2), although the strength
of evidence in these studies is compromised by limited spatial
and temporal replication (S3). Faecal pellet counts and direct
observations have demonstrated overlap in habitat use by deer
and native herbivores (Table 2; e.g. Davis 2010a). No study
has experimentally demonstrated resource or interference
competition between deer and other fauna in Australia.

Habitat modification

It has been presumed or inferred from the international literature
and anecdotal Australian observations that modification of
vegetation by deer modifies the habitat of Australian fauna
(Peel et al. 2005; Claridge 2010; Bilney 2013). Two
comparative studies have examined such impacts (Table 2).
Bartlett (2012) compared the abundance of small vertebrates
in areas of high and low sambar density. Sites with high
sambar densities were associated with reductions in small-
mammal species richness, abundances of some small
mammals and reptile captures (Table 2). These patterns were
attributed to reductions in the availability of shelter, food and
nesting sites and materials. However, these results were
confounded by reduced coarse woody habitat (logs) in areas of
high sambar density, which may have affected small-mammal
abundance. Pedersen et al. (2014) demonstrated negative
correlations between the occurrence of two small mammal
species and rusa deer at sites burnt within the past 9 years
(Table 2). Inferences were limited by the non-experimental
nature of the study, the lag time between deer-pellet deposition
and small-mammal trapping, and uncertainty in the index of
deer abundance. No study has experimentally demonstrated
impacts of deer on fauna in Australia.

Interactions with predators

Analysis of scats collected in Victoria has shown that deer are
eaten by wild dogs (Canis familiaris) and dingoes (Canis dingo)
and their hybrids, and also by red foxes (Vulpes vulpes; Davis
et al. 2015b). Camera traps have shown that wild dogs and foxes
scavenge hunter-shot sambar carcasses (Forsyth et al.
2014). However, no studies have tested the speculation that
increases in deer populations increase food availability for
wild dogs, dingoes and foxes (Wicks et al. 2014). Similarly, it
is unclear whether the presence of deer modifies the functional or
numerical responses of predators, with indirect impacts on other
prey species, and conversely, whether wild dogs and dingoes
reduce deer abundance or contain the spread of some populations.

It has been suggested that by opening up the understorey, deer
may indirectly facilitate the movements of predators (Claridge
and Barry 2000); however, no study has investigated this
hypothesis.

Rare and threatened habitats and species

Deer may have direct and indirect impacts on threatened species
and communities (NSW Department of Environment and
Conservation 2004). Diet analysis (Forsyth and Davis 2011)
and field observations (Peel et al. 2005; Claridge 2014) have
shown that deer ingest rare and endangered plants. However, the
only studies that have quantified impacts on threatened species
have demonstrated that deer can cause physical damage and
mortality of plants (Table 2), but have not ascertained whether
deer affect their persistence. The extent and severity of impacts
on threatened communities have not been rigorously assessed.
For example, in alpine and subalpine peatlands, Tolsma (2009)
recorded high use (e.g. 58% of peatlands assessed at Lake
Mountain) by deer, but they did not undertake experimental or
comparative studies to determine the impacts caused by deer.
We do not know whether deer will cause loss of vulnerable
species or the degradation and contraction of vulnerable
communities.

Pasture, commercial crops, orchards and infrastructure

Evidence of deer impacts on agriculture and associated
infrastructure (e.g. fences) in Australia is largely based on
surveys of public- and private-land managers (Woolnough and
Kirkpatrick 2009; Claridge 2014). This evidence is compromised
by reliance on perception and anecdote, lack of quantification
of impacts and sampling biases (S3). Therefore, the extent of deer
impacts on agriculture in Australia, and the resultant economic
loss, is largely unquantified.

The only study to quantitatively examine agricultural impacts
of deer included collation of information from Authority to
Control Wildlife permits issued during 2002–2007 in Victoria
(LindemanandForsyth 2008).Themost frequently stated reasons
for requiring a permit to control deer were eating trees, damaging
fences, eating pasture, fruit and vegetable crops, trampling crops
and fouling of pasture crops or water (Lindeman and Forsyth
2008).

Deer browse foliage in commercially managed native forests
(Di Stefano et al. 2009; Hall 2009), and use eucalypt (Masters
2009) and pine plantations (Roff 1960 in Long 2003), but
impacts have seldom been quantified. Lindeman and Forsyth
(2008) documented browsing and antler rubbing on Pinus
radiata at one plantation (Table 2).

Competition with livestock

Deer are commonly observed feeding on pastures and crops
(Bentley 1998; Mason 2006). Thus, on the basis of evidence
from surveys of rural land holders (Finch and Baxter 2007;
Peacock 2008) or inference from habitat overlap and
international literature (Lindeman and Forsyth 2008; Dryden
2009), deer may compete with livestock for forage. There is
evidence that deer consume pasture grasses and forbs in
Australia (Finch 2000; Forsyth and Davis 2011; Davis 2013).
There are also anecdotal reports that rutting sambar will harass
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cattle (van Bommel 2013). However, competitive interactions
between livestock and deer have not been demonstrated. The only
quantitative evidence that has implicated deer in food competition
with livestock in Australia used paired exclusion cages to
demonstrate spatial and temporal variation in pasture loss to
wildlife grazing, as well as impacts on ground cover and
species composition (Smith et al. 2012; Table 2). However,
these impacts were not partitioned among species, and the
relative contribution of grazing impacts by fallow deer is
unknown.

Vectors of diseases and pathogens

Wild deer are potentially susceptible to endemic and exotic
diseases and parasites that may affect other animal species,
including humans. The major emergency diseases that could
affect wild deer were reviewed by Animal Health Australia
(2011; Table 3).

Protozoan parasites (Cryptosporidium and Giardia species)
that could cause zoonotic disease in humans (Hampton et al.
2006) have been detected at low levels in deer faecal pellets in
Australian drinking-water catchments (Ng et al. 2011; Nolan
et al. 2013), although the risk to human health has not been
quantified. Deer are susceptible to lyme disease, which is a
common zoonotic viral infection transmitted via ticks from
deer to humans, but it has not been documented in Australia.

Deer may transmit endemic diseases and parasites to
domestic animals and humans when using improved pastures
(Claridge 2014) and livestock water resources (Woolnough and
Kirkpatrick 2009), or through contact between hunting dogs and
infected animals (Sparkes et al. 2016). The potential for disease
transmission depends on the susceptibility of individual animals
to disease, population distribution and density, and direct contact
with domestic animals (Garner and O’Brien 1988). Wild deer
could also act as vectors for pathogens that affectwildlife (Phillott
et al. 2010). However, few diseases have been reported in captive
or wild deer in Australia (Table 3), probably reflecting a low
survey effort. In the only such survey available, wild sambar,
fallow deer and hog deer in south-easternAustralia tested negative
for leptospirosis antibodies, whereas rusa deer displayed
serological evidence of exposure (Milner et al. 1981). Red deer

in south-eastern Queensland have displayed serological evidence
of exposure to several endemic livestock diseases, including
leptospirosis and Akabane virus, and they carry several species
of parasitic helminths (McKenzie et al. 1985; Table 3). A small
sample of rusa deer in Royal National Park have been shown to
display serological evidence of exposure to Q fever (Coxiella
burnetii), leptospirosis, Akabane virus and bovine ephemeral
fever virus, in addition to ticks (Ixodes spp.) and parasitic
helminths (Moriarty 2004b).

The potential introduction of exotic animal diseases such as
foot-and-mouth disease (FMD) or surra (Trypanosoma evansi) is
of concern,with the cost of anoutbreakofFMDinAustralia being
estimated at AU$0.6–5.2� 1010 (Buetre et al. 2013). Australian
wild deer could play a significant role in the introduction of surra,
given that rusa deer have been implicated in the transmission of
this disease from Indonesia to Papua New Guinea, posing a high
biosecurity risk toAustralia (Reid et al. 1999). There is a protocol
to implement if such a disease establishes in Australia (Animal
Health Australia 2011), but our ability to effectively contain an
emergency disease in wild deer populations is unknown. Factors
likely to contribute to the risk of a disease becoming established,
transmitted and dispersed within deer populations are gregarious
grouping and high mobility, cryptic behaviour and the use of
inaccessible terrain, which would make control difficult (Animal
Health Australia 2011). Climate change and range expansion of
insect vectors (e.g. midges (Culicoides spp.), which carry
bluetongue disease), coupled with range expansion of wild
deer, could increase the risk of livestock disease outbreaks
(Simpson and Srinivasan 2014). Only one study has
investigated such aspects of disease in wild deer. Statham and
Statham (1996) conducted a short, small-scale simulated disease-
control program. They showed that following ground-based
shooting, the location of 92% (n= 12) of radio-tracked fallow
deer remained within their pre-shooting home range. They
concluded that shooting to sample deer during a disease
outbreak would not cause surviving deer to disperse.

Water quality, soil properties and nutrient cycling

Deer activity may be concentrated around water sources (Forsyth
et al. 2009), and observational evidence has generated concerns

Table 3. Emergency diseases of concern and endemic parasites and diseases that could be carried by wild deer in Australia
Other endemic disease lists only diseases previously recorded in deer in Australia

Type of disease Disease

Emergency diseaseA AnthraxB, Aujeszky’s disease, bluetongueB, brucellosisB, foot-and-mouth disease, Japanese
encephalitis, peste des petits ruminants, rabies, screw-worm fly, surra

Other endemic disease
Parasite Protozoan parasites (Cryptosporidium spp. and Giardia spp.)C,D, cattle tick (Rhipicephalus

microplus)E,F, other tick species (e.g. Ixodes spp.)E,G, gastrointestinal helminthsC,G,H

Bacterial disease hosted by ticks Anaplasmosis (caused by Anaplasma phagocytophilum)I, dermatophilosis (caused by
Dermatophilus congolensis)I

Other bacterial disease Leptospirosis (caused by sprirochaete Leptospira spp.)G,J, Johne’s disease (caused by bacterium
Mycobacterium paratuberculosis)K, Q fever (caused by bacterium Coxiella burnetii)G

Virus Akabane virusE,G, bovine ephemeral fever virusG, malignant catarrhal feverL,M

AAnimal Health Australia 2011; BOrganism, or strains of organism, that cause(s) disease endemic to Australia; CNg et al. 2011; DNolan et al. 2013; EMcKenzie
et al. 1985; FCutullé et al. 2009; GMoriarty 2004b; HDavies 2014; IGarner and O’Brien 1988; JMilner et al. 1981; KAnimal Health Australia 2015; LFyffe
2008; MTomkins et al. 1997.
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about degradation of water quality in Australian creek and
river systems (Department of Conservation and Environment
1992; NSW Department of Environment and Conservation
2004). However, no study has determined whether erosion and
loss of vegetation in riparian areas is caused by the activities
of deer, or whether deer contribute to water degradation (e.g.
changes in turbidity or increased nutrient load) in natural
ecosystems.

It has been speculated, on the basis of anecdotal observations
and international literature, that deer may cause compaction
and erosion of soils, particularly in areas of heavy use, such as
water points (Parks Victoria 2005) and tracks (Forsyth 2006),
and in low-lying areas vulnerable to gully erosion (Peel et al.
2005). Even if localised, the consequences may be severe in
environments with erodable soils (Department of Conservation
and Environment 1992) and in creek and river systems (NSW
Department of Environment and Conservation 2004). However,
only one study has examined such impacts (Table 2). Keith and
Pellow (2005) used visual assessments to compare the effects
of rusa deer on soils at areas of concentrated deer activity and
at sites where activity was not concentrated. They recorded
localised soil erosion associated with high densities of deer
tracks and pellets; however, owing to the qualitative nature of
their observations, the presence of other mammalian herbivores,
and lack of experimental manipulation, evidence for these
impacts is weak. We do not know whether deer activity affects
soil physical properties inAustralia, norwhether there areflow-on
effects for plant communities. Further, we do not know whether
deer in Australia affect nutrient cycling, decomposition and
primary productivity by mediating feedback cycles between
plant communities and the decomposer subsystem, or by
redistributing nutrients in the environment, although the
potential for such impacts is evident on the basis of knowledge
regarding habitat use (Table S1).

Management of impacts

Deer are managed for different outcomes in each Australian
state and territory (Hall and Gill 2005) and are, therefore,
variously classified as ‘pest’, ‘game’ and ‘protected wildlife
species’ (Table 1). Nonetheless, all states and territories have
legislative provisions for managing deer impacts (Table 1).

Ground-based shooting is being used to manage deer in peri-
urban and regional areas (e.g. Department of Primary Industries
Parks Water and Environment 2011; Moriarty and Brown 2012)
and in national parks (e.g. NSWDepartment of Environment and
Conservation 2005). However, there is little information on how,
or if, success is beingmeasured inmost programs.Only one study
has examined theefficacyofground-based shooting formanaging
deer in Australia. A shooting program in Victoria reduced the
quantity of sambar faecal pellets adjacent to a reservoir, thereby
reducing the risk of faecal contamination of water resources,
primarily through deterrence rather than a density reduction
(Bennett et al. 2015). Ground-based shooting was used in
parts of Kangaroo Island (440 500 ha; Invasive Animals CRC
2013) to eradicate fallow deer. These examples support the
assertion that targeted, ground-based shooting may be
effective for reducing densities at small spatial scales (e.g.

<1000 ha) and could be used to eradicate isolated populations
at locations where immigration is unlikely.

Aerial surveys of deer in Queensland have suggested that
helicopter-based shooting may be a promising technique for
controlling deer in open habitat where visibility is high (Baillie
2014). Aerial shooting is being used to control deer in NewSouth
Wales and South Australia. In the former, 1795 deer were shot
during 2013–2015 in habitats ranging from open forest and
woodland to grassland and wetlands (G. Eccles, NSW
National Parks and Wildlife Service 2016, pers. comm.). In
the latter, 182 deer (mostly fallow deer but also red deer and
sambar) were killed in 4 h (Peacock 2008). No study has
quantified the efficacy of recreational hunting as a
management strategy, but a trial is underway in Victoria to
assess whether this approach can reduce sambar abundance
and impacts on natural ecosystems (Davis et al. 2015a).

Few studies have examined other options for management of
deer impacts. A bait station has been designed and trialled to
selectively deliver bait to wild ungulates, including deer, while
largely excluding native wildlife (Hunt et al. 2014). However,
there are no registered poisons for the management of deer in
Australia (Australian Pesticides and Veterinary Medicines
Authority 2015), although the use of cyanide is currently
being investigated (Natural Resources Commission 2016).
Two studies have demonstrated that small-scale fencing can
protect vegetation from deer (Davis and Coulson 2010;
Bennett and Coulson 2011). One study found contraceptive
implants prevented reproduction in captive female—but not
male—rusa deer (Webley 2009).

Many local- and state-level deer management plans have
been developed (e.g. NSW Department of Environment and
Conservation 2005). However, these largely rely on anecdotal
observations and perceptions of deer abundance and impacts, and
assume that the proposed management actions will fulfil
management objectives (Pople et al. 2009) without monitoring
to evaluate the requirement for, or efficacy of, management.

Although few studies have experimentally evaluated
management options, monitoring techniques have been
developed to evaluate the effectiveness of management
interventions. For example, monitoring protocols have been
developed that use faecal pellet counts (Parks Victoria 2005;
Forsyth 2006) and camera trapping to index the relative
abundances of deer (Davis 2014; Davis et al. 2015a), and
studies have compared the efficacy of spotlight counts,
distance sampling and aerial surveys (Amos et al. 2014a;
Baillie 2014) to index or estimate deer abundances (S3).
Bennett and Coulson (2008) developed a method to measure
the impacts of sambar on vegetation using differential exclosures,
although the application of this design to smaller deer species has
not been tested. Importantly, the relationship between deer
density and impacts has not been reported for Australia; rather,
it has been assumed that a reduction in deer density will reduce
impacts.

Efforts of deer management can be compromised when there
are competing value systems (Finch and Baxter 2007). Targeted
surveys of stakeholder groups have been used to gauge community
support for deer-control options in Australia (Finch and Baxter
2007; Claridge 2014), highlighting the wide-ranging views of
stakeholder groups and how attitudes change with time. For
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example, Finch and Baxter (2007) surveyed landowners and
managers in Queensland in 2005, and found that >50% of
respondents wanted deer populations to stay at current levels or
increase, whereas in recent surveys of ranger-level staff across
the Australian Alps, Claridge (2014) reported almost unanimous
agreement that control of deer is necessary.

Knowledge gaps

The case of wild deer in Australia is similar to that described by
Bengsen et al. (2014) for feral pigs (Sus scrofa), namely, many
potential impactshavebeen inferred fromanecdotal observations,
untested retroductive hypotheses or international studies, rather
than from systematic and quantitative studies. Most research
relating to deer impacts and management has consisted of
small-scale, short-term, single-species case studies, with
limited generality (S3).

Coordinated research, using experimental and comparative
approaches, is needed to place the management of Australia’s
deer on a sound footing. We draw on international experience to
outline key knowledge gaps and research priorities for Australia.
However, we emphasise that managers should not solely rely on
international knowledge, for three main reasons. First, impacts
vary between ecosystems with different evolutionary histories
(Dolman and Wäber 2008). Second, Australia’s unique
environment (i.e. infertile soils, variable climate and associated
characteristic biota; Braithwaite 1990; Orians and Milewski
2007) may mean that ecology of deer in Australia differs from
that of the same species in other environments (Amos et al.
2014b). Third, evaluation of the impacts of deer in Australia is
complicated by difficulties in partitioning their effects from those
of sympatric native and introduced mammalian herbivores, and
dealing with this requires novel approaches.

Impacts

There is evidence that wild deer in Australia have impacts on
individual plants at small spatial scales (Table 2). However, we
do not understand how deer affect vegetation communities.
Moreover, few studies have investigated community- and
ecosystem-level implications of these impacts on fauna,
water quality and soil processes. Although there is overlap in
resource use between deer and native fauna (Table 2), no study
has demonstrated competition. Given the diversity of deer
species and the environments that they occupy, even those
research areas that have received most attention (Table 2)
have substantial knowledge gaps. The international literature
has clearly shown the potential for far-reaching ecosystem-level
consequences of deer at high population densities and in
sensitive habitats (Rooney and Waller 2003; Côté et al.
2004). In Australia, evidence of increasing distributions and
abundances of deer (Fig. 2), coupled with increasing evidence
of impacts (Table 2), suggests that in the future deer will have
serious and widespread effects on natural and agricultural
systems. Robust demonstration of the type and extent of
impacts in Australia is essential to justify investment in deer
management and to gain social acceptability and stakeholder
support (English 2007; Nugent et al. 2011).

Management

There has been little evaluation of the efficacy of deer-
management techniques in Australia, and our understanding of
deer ecology (required to guide deer management) is limited
(Table S1). International experience provides insight into
management tools that should be investigated for the
management of deer in a range of Australian environments.

Professional helicopter- and ground-based shooting has
reduced deer densities in New Zealand (where some of the deer
species that occur in Australia are managed as pests; Crouchley
et al. 2011; Forsyth et al. 2013). Government-funded ground-
based shooting has had little effect on deer distributions and
abundances (Caughley 1983), whereas widespread commercial
ground- and helicopter-based shooting has substantially reduced
deer abundances at large spatial scales (Forsyth et al. 2011).
Commercialisation of wild deer in Australia may reduce deer
distributions and abundances, although there is no evidence that
commercial harvesting of feral pigs and goats (Capra hircus) in
Australia has reduced their densities (Ramsay 1994). Indeed,
commercialisation carries the risk of greater de facto protection
of harvested species, leading to higher average densities (Pickles
1992). Recreational ground-based shooting has been proposed as
a tool for controlling overabundant deer (e.g. in North America;
Urbanek et al. 2011), but a recent review concluded that
recreational ground-based shooting in Australia contributes little
to the control of pest species such as deer (Bengsen and Sparkes
2016). Overall, the evidence from international control programs
indicates that ground- and aerial-based shooting by professional
shooters is likely to be the most widely applicable approach for
controlling deer across large-scale (e.g. 4000 ha; Forsyth et al.
2013)management units inAustralia. InNewZealand, helicopter-
based shooting is the most cost-effective method for reducing
deer densities in non-forested andmontane forest habitats (Nugent
et al. 1987; Forsyth et al. 2013). However, the best way to
implement shooting in Australia, for any deer species or habitat,
is untested.

Fertility control (surgical sterilisation, hormone implants or
vaccination; Warren and Warnell 2000) has been used to reduce
the reproductive success of femaledeer inNorthAmerica (Garrott
1995; Kirkpatrick et al. 2011). This can reduce the density of
small isolated populations (Rutberg andNaugle 2008) and is best
suited to situations where the aim is to maintain deer at reduced
densities, rather than eradication (Massei and Cowan 2014).
Fertility control is considered infeasible for large populations
(Raiho et al. 2015) and is expensive to implement even for small
populations (Garrott 1995). Fertility control would, therefore, be
unsuitable for most Australian situations.

Strategic exclusion of deer with fencing can be used for
protection of natural or agricultural assets or to enable
restoration (Dvorak and Catalano 2016). Fencing is most
commonly used at small scales (e.g. <100 ha) to prevent deer
impacts in Australia (e.g. Lorimer and Lorimer 2005), and is not
being used for large-scale asset protection as occurs
internationally (e.g. fencing in Maungatautari, New Zealand,
which protects 3400 ha of ground-bird habitat from introduced
mammals, including deer; Innes et al. 2012). The optimal design
and scale for implementation of fencing to protect Australian
natural and agricultural assets from deer are unknown.
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In New Zealand, aerially sown baits intended for control of
brushtail possum (Trichosurus vulpecula), and hand-laid foliage
gel, both containing sodium monofluoroacetate (1080) poison,
kill deer (Nugent 1990; Forsyth et al. 2013). However, the
efficacy of poisoning varies with the mass of deer (Nugent and
Yockney 2004) and food availability (Crouchley et al. 2011).
Using poisonwould pose significant risks to non-target species in
Australia (McIlroy 1982).

Reintroduction of thewolf (Canis lupus), a top-order predator,
to parts of North America has reduced impacts of deer (Beschta
and Ripple 2009). The presence of high predator densities can
inducebehavioural responses indeer (e.g. increasedvigilance and
altered habitat use) that alter their impacts on vegetation
(Manning et al. 2009). Hence, reintroducing dingoes to their
former range, or relaxing control regimes so that populations
increase, might reduce the impacts of deer through reduced
abundances (by direct predation) and/or altered habitat use.

Guardian dogs are widely used to protect livestock from
predators, and studies have shown that they may be able to
separate deer from livestock, either because the dogs harass
deer or because deer avoid areas used by the dogs (Gehring
et al. 2010; VerCauteren et al. 2012). This may reduce disease
transmission (VerCauteren et al. 2012) and food competition
between deer and livestock (Gehring et al. 2010).

Other approaches that have been considered internationally
include limiting the use of key habitats for deer range expansion,
for example, through fencing ecotone areas and manipulation of
forest and agricultual landscapematrixes (Saito et al. 2016). Scare
devices and repellents (topical application of distasteful
chemicals or predator scent) may be useful at high-value sites,
but are generally effective for short periods only (weeks–months)
(Walter et al. 2010). Finally, biological control of deer does not
appear to be a feasible option for managing deer because of the
threat this would pose to farmed animals (Nugent and Fraser
1993).

Research priorities

We have identified the ecological information required for
understanding and managing the risks posed by wild deer
(Table 4). There are many knowledge gaps, but below we list
the six most important areas for further research.

(1) Long-term changes in plant populations and
communities

Identification of plant populations and communities most
vulnerable to deer impacts is important for prioritising
management efforts. The long-term consequences of selective
herbivory by deer on Australian plant populations and
communities can be separated from the effects of native
species by using differential exclosures. Long-term (decadal)
studies using networks of exclosures (Wardle et al. 2001) in a
range of vegetation types and faunal assemblages are required.

(2) Interactions with native fauna

Many Australian animals are threatened or endangered,
and increasing deer abundances could affect some of these
species directly or indirectly. Understanding direct and indirect
interactionswithnative fauna, suchas food-resource competition,
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habitat alteration and predator facilitation, requires large-scale
manipulative experiments that examine how the presence of deer
alters the health and population dynamics of sympatric fauna.

(3) Impacts on water quality

Water is a limiting resource in many parts of Australia, and
deer commonly inhabit drinking-water catchments (Ng et al.
2011; Amos et al. 2014b; Bennett et al. 2015). The impact of deer
on water quality through contamination with protozoan parasites
is difficult tomeasure (Nolan et al. 2013). However, the effects of
soil compaction (Kumbasli et al. 2010), reduction of vegetation
cover and associated erosion, sedimentation and nutrient
contamination (Clarke et al. 2000; Keith and Pellow 2005;
McDowell 2007) can be assessed by comparing sites with
differing densities of deer.

(4) Economic impacts on agriculture

To justifymanagement, the economic benefits ofmanagement
should outweigh the sum of the impacts and the cost of
management. Quantifying the susceptibility of pasture, crops
and livestock (Gehring et al. 2010; Bleier et al. 2012) to deer
impacts, such as the risks of disease transmission between
livestock and deer (VerCauteren et al. 2012), and determining
how these effects can be mitigated by management, would
enable primary producers to minimise the economic costs of
deer (Putman and Moore 1998).

(5) Cost-effective management of deer impacts

Despite recognition of the risks posed by wild deer, the costs
and benefits of management options have not been reported. The
applicability and efficacy of management options will vary with
scale and biophysical factors, including deer species, terrain,
canopy cover and proximity to roads and residential areas. For
example, themost effective control techniques for solitary sambar
in dense forest may differ from those for group-living chital in
open grassland. The management effort required to improve the
condition of resources affected bydeer can be established through
monitoring both deer abundance and resource condition.
Wherever possible, robust study designs (i.e. replication,
randomisation, and comparison of treatment and non-treatment
areas) should be implemented.

(6) Changes in the distribution and abundance of deer

Knowledge of deer abundance and distribution is critical for
understanding the current and future impacts of deer, and for
evaluating and reporting on the success of management actions
(Table 4). Our simple approach to predicting future deer
distributions in Australia (Fig. 2) demonstrates the potential
for substantial range expansion. More sophisticated approaches
to modelling deer distributions (e.g. Gormley et al. 2011) would
improve our understanding of the factors that limit and enable
range expansion. This information could be used to anticipate
and prevent range expansion (West and Saunders 2003).
Monitoring deer occupancy and abundance at a sample of
locations would enable robust statements about trends in
distribution and abundance. This information would help
identify new deer populations that could be eradicated, and
invasion fronts where investment in surveillance and control

has the greatest potential for containing expanding deer
populations.

Conclusions

This systematic review illustrates the potential for deer to have an
impact on Australia’s natural and agricultural ecosystems.
Impacts are likely to occur primarily through the direct effects
of herbivory on vegetation, but there may be cascading indirect
effects on fauna and ecosystem processes. It is likely that some
deer species in Australia will further increase in distribution and
abundance (Gormley et al. 2011; Potts et al. 2014), resulting in
increased impacts on natural and agricultural systems and social
amenity.

Internationally, it has been demonstrated that intensive
management is required to reduce the impacts of high-density
deer populations on ecosystems (Frost et al. 1997; Husheer and
Robertson 2005). Over 35 years ago, Frith (1979) observed that
in Australia:

‘One of the most pressing needs in wildlife conservation is to
discover what is the place of the sambar in the ecology of the
south-east highlands. If the presence of the deer is adverse to
nativeflora and fauna, thenhowcan theybe controlled? If they are
not adverse, then how could they be managed for long-term
productivity as game animals?’ (p. 163).

However, progress towards understanding and managing the
impacts of deer in Australia has been slow (Claridge 2014).
Evidence of deer impacts is largely observational, and most
studies have not experimentally partitioned the impacts of deer
from those of sympatric native and introduced herbivores. A lack
of knowledge regarding the efficacy of methods for mitigating
deer impacts, and disagreement regarding the most cost-effective
techniques, is hindering the management of wild deer in
Australia (West and Saunders 2003; Claridge 2014). Research
at appropriate management scales is needed to determine the
current extent, severity and nature of deer impacts in Australia,
and to better predict future impacts. Addressing these knowledge
gaps will assist with the development and prioritisation of cost-
effective management strategies, and would likely increase
stakeholder support for managing the impacts of deer on
Australian ecosystems.

Acknowledgements

This reviewwas commissioned by the Centre for Environment, University of
Tasmania. A review commissioned by Parks Victoria also contributed to this
research. We thank Z. Powell (Game Management Authority), A. Moriarty
(NSW Department of Primary Industries) and D. Leguis (Department of
Primary Industries, Parks, Water and Environment) for sharing their
knowledge of relevant legislation. Comments by J. Birtles and two
anonymous reviewers greatly improved the manuscript.

References

Amos,M.,Baxter,G., Finch,N., Lisle,A., andMurray,P. (2014a). ‘I justwant
to count them! Considerations when choosing a deer population
monitoring method.’ Wildlife Biology 20, 362–370. doi:10.2981/
wlb.00080

Amos, M., Baxter, G., Finch, N., and Murray, P. (2014b). At home in a new
range: wild red deer in south-eastern Queensland. Wildlife Research 41,
258–265. doi:10.1071/WR14034

Impacts and management of deer in Australia Wildlife Research 527

dx.doi.org/10.2981/wlb.00080
dx.doi.org/10.2981/wlb.00080
dx.doi.org/10.1071/WR14034


Animal Health Australia (2011). ‘Wild Animal Response Strategy (Version
3.3). Australian Veterinary Emergency Plan (AUSVETPLAN).’ 3rd edn.
(Primary Industries Ministerial Council: Canberra.)

Animal Health Australia (2015). Johne’s disease. Available at http://www.
animalhealthaustralia.com.au/programs/johnes-disease [verified August
2015].

AustralianPesticides andVeterinaryMedicinesAuthority (2015). ‘Australian
Pesticides and Veterinary Medicines Authority (APVMA) Public
Chemical Registration Information System (PubCRIS) Database
Search.’ Available at https://portal.apvma.gov.au/pubcris [verified
September 2015].

Bailey, T. G., Gauli, A., Tilyard, P., Davidson, N. J., and Potts, B. M. (2015).
Feral deer damage in Tasmanian restoration plantings.Australasian Plant
Conservation 23, 10–12.

Baillie, D. J. (2014). Ground truthing helicopter surveys: the relationship
between habitat density and accuracy for a range of large vertebrate
species. Masters Thesis, The University of Queensland, Gatton.

Bartlett, R. C. (2012). The impacts of introduced sambar deer (Cervus
unicolor) on vertebrate communities in the Yarra Ranges National
Park. Masters Thesis, The University of Melbourne, Melbourne.

Bengsen, A. J., and Sparkes, J. (2016). Can recreational hunting contribute
to pest mammal control on public land in Australia?Mammal Review 46,
297–310. doi:10.1111/mam.12070

Bengsen, A. J., Gentle, M. N., Mitchell, J. L., Pearson, H. E., and Saunders,
G. R. (2014). Impacts and management of wild pigs Sus scrofa
in Australia. Mammal Review 44, 135–147. doi:10.1111/mam.12011

Bennett,A. (2002).Anassessment of sambardeer (Cervusunicolor) browsing
on tree ferns in Victorian wet sclerophyll forests. Masters Qualifying
Thesis, Monash University, Melbourne.

Bennett, A. (2008). The impacts of sambar (Cervus unicolor) in the Yarra
Ranges National Park. Ph.D. Thesis, The University of Melbourne,
Melbourne.

Bennett, A. (2012). Sambar presence at Lake Mountain Yarra Ranges
National Park and Mount Bullfight Nature Conservation Reserve
alpine bogs. A report prepared for Parks Victoria. The University of
Melbourne, Melbourne.

Bennett, A., and Coulson, G. (2008). Evaluation of an exclusion plot design
for determining the impacts of native and exotic herbivores on forest
understoreys. Australian Mammalogy 30, 83–87.

Bennett, A., and Coulson, G. (2011). The impacts of sambarCervus unicolor
on the threatened shiny nematolepis Nematolepis wilsonii. Pacific
Conservation Biology 16, 251–260. doi:10.1071/PC110251

Bennett,A.,Haydon,S., Stevens,M., andCoulson,G. (2015).Culling reduces
fecal pellet depositionby introduced sambar (Rusaunicolor) in a protected
water catchment. Wildlife Society Bulletin 39, 268–275. doi:10.1002/
wsb.522

Bentley, A. (1998). ‘An Introduction to the Deer of Australia with Special
Reference to Victoria.’ 3rd edn. (Australian Deer Research Foundation:
Melbourne.)

Beschta, R. L., andRipple,W. J. (2009). Large predators and trophic cascades
in terrestrial ecosystems of the western United States. Biological
Conservation 142, 2401–2414. doi:10.1016/j.biocon.2009.06.015

Bilney, R. J. (2013). Antler rubbing of yellow-wood by sambar in East
Gippsland, Victoria. Victorian Naturalist 130, 68–74.

Bird, P., Mutze, G., Peacock, D., and Jennings, S. (2012). Damage caused
by low-density exotic herbivore populations: the impact of introduced
European rabbits on marsupial herbivores and Allocasuarina and
Bursaria seedling survival in Australian coastal shrubland. Biological
Invasions 14, 743–755. doi:10.1007/s10530-011-0114-8

Bleier, N., Lehoczki, R., Újváry, D., Szemethy, L., and Csányi, S. (2012).
Relationships between wild ungulates density and crop damage in
Hungary. Acta Theriologica 57, 351–359. doi:10.1007/s13364-012-
0082-0

Bowman, F. (2014). A pilot study examining the ecological and human
dimensions of wild deer management, Nariel Valley Victoria. B.Sc.
(Hons) Thesis, University of Canberra, Canberra.

Braithwaite, R. W. (1990). Australia’s unique biota: implications for
ecological processes. Journal of Biogeography 17, 347–354. doi:10.2307/
2845364

Buetre, B., Wicks, S., Kruger, H., Millist, N., Yainshet, A., Garner, G.,
Duncan, A., Abdalla, A., Trestrail, C., Hatt, M., Thompson, L. J., and
Symes, M. (2013). Potential socio-economic impacts of an outbreak of
foot-and-mouth disease in Australia. Research report. ABARES, Canberra.

Burgin, S., Mattila, M., McPhee, D., and Hundloe, T. (2015). Feral deer in
the suburbs: an emerging issue for Australia? Human Dimensions of
Wildlife 20, 65–80. doi:10.1080/10871209.2015.953274

Caley, P., Tennant, P., and Hood, G. (2011). Modelling the distribution of
vertebrate pests in New South Wales under climate change. Invasive
Animals Cooperative Research Centre, Canberra.

Caughley, G. (1983). ‘The Deer Wars: the Story of Deer in New Zealand.’
(Heinemann Publishers: Auckland.)

Claridge, A. W. (2010). ‘Feral Deer Identification Guide.’ (Department of
Environment, Climate Change and Water, Parks & Wildlife Group,
Southern Branch: Queanbeyan.)

Claridge,A.W. (2014). Synopsis of perceptions about introduced deer among
ParkManagementRanger Staff across theAustralianAlps. A report to the
Australian Alps Liaison Committee. NSW National Parks and Wildlife
Service, Nature Conservation Section, Queanbeyan.

Claridge, A. W., and Barry, S. C. (2000). Factors influencing the distribution
of medium-sized ground-dwelling mammals in southeastern mainland
Australia. Austral Ecology 25, 676–688. doi:10.1111/j.1442-9993.2000.
tb00074.x

Clarke, G. M., Grosse, S., Matthews, M., Catling, P. C., Baker, B., Hewitt,
C. L., Crowther, D., and Sadlier, S. R. (2000). Environmental pest species
in Australia. Australia: state of the environment, second technical
paper series (biodiversity), internal report. Department of the
Environment and Heritage, Canberra.

Clauss, M., Steuer, P., Müller, D.W. H., Codron, D., and Hummel, J. (2013).
Herbivory and body size: allometries of diet quality and gastrointestinal
physiology, and implications for herbivore ecology and dinosaur
gigantism. PLoS One 8, e68714. doi:10.1371/journal.pone.0068714

Clout, M. N., and Russell, J. C. (2008). The invasion ecology of mammals:
a global perspective. Wildlife Research 35, 180–184. doi:10.1071/
WR07091

Côté, S. D., Rooney, T. P., Tremblay, J.-P., Dussault, C., and Waller, D. M.
(2004). Ecological impacts of deer overabundance. Annual Review of
Ecology Evolution and Systematics 35, 113–147. doi:10.1146/annurev.
ecolsys.35.021103.105725

Crombie, J., Brown, L., Lizzio, J., and Hood, G. (2008). ‘Climatch user
Manual.’ (Bureau of Rural Sciences: Canberra.) Available at http://data.
daff.gov.au:8080/Climatch/climatch.jsp [verified August 2015].

Crouchley, D., Nugent, G., and Edge, K.-A. (2011). Removal of red deer
(Cervus elaphus) from Anchor and Secretary Islands, Fiordland, New
Zealand. In ‘Island Invasives: Eradication and Management’. (Eds
C. R. Veitch, M. N. Clout and D. R. Towns.) pp. 422–425. (IUCN:
Gland, Switzerland.)

Crowther, M. S., Ortac, G., Pedersen, S., and McArthur, C. (2016).
Interactions between fire and introduced deer herbivory on coastal
heath vegetation. Austral Ecology 41, 604–612. doi:10.1111/aec.12349

Cutullé, C., Jonsson, N. N., and Seddon, J. (2009). Population structure
of Australian isolates of the cattle tick Rhipicephalus (Boophilus)
microplus. Veterinary Parasitology 161, 283–291. doi:10.1016/j.vetpar.
2009.01.005

Davies, C. (2014). Investigating the parasite fauna of Victorian deer, using
scat morphometrics, DNA, and faecal egg counts. B.Sc.(Hons) Thesis,
Monash University, Melbourne.

528 Wildlife Research N. E. Davis et al.

http://www.animalhealthaustralia.com.au/programs/johnes-disease
http://www.animalhealthaustralia.com.au/programs/johnes-disease
https://portal.apvma.gov.au/pubcris
dx.doi.org/10.1111/mam.12070
dx.doi.org/10.1111/mam.12011
dx.doi.org/10.1071/PC110251
dx.doi.org/10.1002/wsb.522
dx.doi.org/10.1002/wsb.522
dx.doi.org/10.1016/j.biocon.2009.06.015
dx.doi.org/10.1007/s10530-011-0114-8
dx.doi.org/10.1007/s13364-012-0082-0
dx.doi.org/10.1007/s13364-012-0082-0
dx.doi.org/10.2307/2845364
dx.doi.org/10.2307/2845364
dx.doi.org/10.1080/10871209.2015.953274
dx.doi.org/10.1111/j.1442-9993.2000.tb00074.x
dx.doi.org/10.1111/j.1442-9993.2000.tb00074.x
dx.doi.org/10.1371/journal.pone.0068714
dx.doi.org/10.1071/WR07091
dx.doi.org/10.1071/WR07091
dx.doi.org/10.1146/annurev.ecolsys.35.021103.105725
dx.doi.org/10.1146/annurev.ecolsys.35.021103.105725
http://data.daff.gov.au:8080/Climatch/climatch.jsp
http://data.daff.gov.au:8080/Climatch/climatch.jsp
dx.doi.org/10.1111/aec.12349
dx.doi.org/10.1016/j.vetpar.2009.01.005
dx.doi.org/10.1016/j.vetpar.2009.01.005


Davis, N. E. (2010a). Resource partitioning among five sympatric
mammalian herbivores on Yanakie Isthmus, south-eastern Australia.
Ph.D. Thesis, The University of Melbourne, Melbourne.

Davis, N. E. (2010b). The use of exclosure plots to assess the effects of deer
on vegetation. A report prepared for Department of Sustainability and
Environment. The University of Melbourne, Melbourne.

Davis, N. E. (2013). Diet of hog deer (Axis porcinus) in Victoria with
special reference to Sunday Island and competition with swamp
wallaby (Wallabia bicolor). Report prepared for the Department of
Environment and Primary Industries, Melbourne.

Davis, N. E. (2014). Monitoring herbivore relative abundance as part of
the Yanakie Isthmus Restoration Project. Unpublished report prepared
for Parks Victoria, Melbourne.

Davis, N. E., and Coulson, G. (2010). Mammalian browse damage to
revegetation plantings in a national park. Ecological Management &
Restoration 11, 72–74. doi:10.1111/j.1442-8903.2010.00519.x

Davis, N. E., Coulson, G., and Forsyth, D. M. (2008). Diets of native
and introduced mammalian herbivores in shrub-encroached grassy
woodland, south-eastern Australia. Wildlife Research 35, 684–694.
doi:10.1071/WR08042

Davis, N. E., Forsyth, D. M., and Coulson, G. (2010). Facilitative
interactions between an exotic mammal and native and exotic plants:
hog deer (Axis porcinus) as seed dispersers in south-eastern Australia.
Biological Invasions 12, 1079–1092. doi:10.1007/s10530-009-9525-1

Davis, N. E., Bennett, A., and Forsyth, D. M. (2015a). Monitoring
changes in deer abundance and habitat use associated with the Parks
Victoria deer control trial in the Alpine National Park: survey design and
rationale. Report prepared for Parks Victoria, Melbourne.

Davis, N. E., Forsyth, D. M., Triggs, B., Pascoe, C., Benshemesh, J., Robley,
A., Lawrence, J., Ritchie, E. G., Nimmo, D. G., and Lumsden, L. F.
(2015b). Interspecific and geographic variation in the diets of sympatric
carnivores: dingoes/wild dogs and red foxes in south-eastern Australia.
PLoS One 10, e0120975. doi:10.1371/journal.pone.0120975

Davis, N. E., Di Stefano, J., Coulson, G., Whelan, J., and Wright, J. (2016).
Vegetation management influences habitat use by mammalian
herbivores in shrub-encroached grassy woodland. Wildlife Research
43, 438–447.

Department of Conservation and Environment (1992). Management plan:
Alpine National Park Cobberas–Tingaringy Planning Unit. Department
of Conservation and Environment, Melbourne.

Department of Primary Industries, Parks, Water and Environment (2011).
A statement of current management practices for Tasmanian wild fallow
deer. Resource Management & Conservation Division, Department
of Primary Industries, Parks, Water and Environment, Hobart.

Department of Sustainability and Environment (2010). Flora and Fauna
Guarantee Action Statement: reduction in biodiversity of native
vegetation by sambar deer (Cervus unicolor). Department of
Sustainability and Environment, Melbourne.

Di Stefano, J., Butler, K., Sebire, I., and Fagg, P. (2009). Mammalian
browsing impact on regenerating Eucalyptus seedlings in a large
commercially managed native forest estate. New Forests 37, 197–211.
doi:10.1007/s11056-008-9117-4

Dolman, P. M., and Wäber, K. (2008). Ecosystem and competition impacts
of introduced deer. Wildlife Research 35, 202–214. doi:10.1071/
WR07114

Dryden, G. (2009).Wild deer in SEQueensland: graziers’ pest or charismatic
megafauna? In ‘Proceedings of the National Feral Deer Management
Workshop’. (Ed. S. R. McLeod.) pp. 97–105. (Invasive Animals
Cooperative Research Centre: Canberra.)

Duncan, A. (1992). Thewinter diets of fallow deer (Dama dama) and forester
kangaroos (Macropus giganteus tasmaniensis) in the midlands of
Tasmania. Tasmanian Naturalist 110, 1–6.

Dvorak, T. M., and Catalano, A. E. (2016). Exclusion of introduced deer
increases size and seed production success in an island-endemic plant
species. Ecology and Evolution 6, 544–551. doi:10.1002/ece3.1885

English,A.W. (2007).The status andmanagementofwilddeer inAustralia. In
‘Pest or Guest: The Zoology of Overabundance’. (Eds D. Lunney, P. Eby,
P. Hutchings and S. Burgin.) pp. 94–98. (Royal Zoological Society of
New South Wales: Sydney.)

Eyles, D. (2002). Sambar deer (Cervus unicolor) as a potential seed vector for
the spread of the environmental weed Himalayan honeysuckle
(Leycesteria formosa) at Mount Buffalo National Park. B.Sc.(Hons)
Thesis, The University of Melbourne, Melbourne.

Finch, N. (2000). The performance and condition of wild red deer in
Queensland. B.Sc.(Hons) Thesis, University of Queensland, Brisbane.

Finch, N. A., and Baxter, G. S. (2007). Oh deer, what can the matter be?
Landholder attitudes to deer management in Queensland. Wildlife
Research 34, 211–217. doi:10.1071/WR06002

Forsyth, D. M. (2006). A monitoring program for deer in Alpine National
Park and surrounding areas. Arthur Rylah Institute for Environmental
Research, Department of Sustainability and Environment, Melbourne.

Forsyth, D. M., and Caley, P. (2006). Testing the irruptive paradigm of
large-herbivore dynamics. Ecology 87, 297–303. doi:10.1890/05-0709

Forsyth, D. M., and Davis, N. E. (2011). Diets of non-native deer in Australia
estimated by macroscopic versus microhistological rumen analysis.
The Journal of Wildlife Management 75, 1488–1497. doi:10.1002/
jwmg.179

Forsyth, D. M., Duncan, R. P., Bomford,M., andMoore, G. (2004). Climatic
suitability, life-history traits, introduction effort, and the establishment
and spreadof introducedmammals inAustralia.ConservationBiology18,
557–569. doi:10.1111/j.1523-1739.2004.00423.x

Forsyth, D. M., McLeod, S. R., Scroggie, M. P., and White, M. D. (2009).
Modelling the abundance of wildlife using field surveys and GIS: non-
native sambar deer (Cervus unicolor) in the Yarra Ranges, south-eastern
Australia. Wildlife Research 36, 231–241. doi:10.1071/WR08075

Forsyth, D. M., Thomson, C., Hartley, L. J., MacKenzie, D. I., Price, R.,
Wright, E. F.,Mortimer, J. A. J., Nugent, G.,Wilson, L., and Livingstone,
P. (2011). Long-term changes in the relative abundances of introduced
deer in New Zealand estimated from faecal pellet frequencies.
New Zealand Journal of Zoology 38, 237–249. doi:10.1080/03014223.
2011.592200

Forsyth, D. M., Gormley, A. M., Woodford, L., and Fitzgerald, T. (2012).
Effects of large-scale high-severity fire on occupancy and abundances
of an invasive largemammal in south-easternAustralia.Wildlife Research
39, 555–564. doi:10.1071/WR12033

Forsyth, D. M., Ramsey, D. S. L., Veltman, C. J., Allen, R. B., Allen, W. J.,
Barker, R. J., Jacobson, C. L., Nicol, S. J., Richardson, S. J., and Todd,
C. R. (2013). When deer must die: large uncertainty surrounds changes
in deer abundance achieved by helicopter- and ground-based hunting
in New Zealand forests. Wildlife Research 40, 447–458. doi:10.1071/
WR13016

Forsyth, D. M., Woodford, L., Moloney, P. D., Hampton, J. O., Woolnough,
A. P., and Tucker, M. (2014). How does a carnivore guild utilise
a substantial but unpredictable anthropogenic food source? Scavenging
on hunter-shot ungulate carcasses by wild dogs/dingoes, red foxes
and feral cats in south-eastern Australia revealed by camera traps.
PLoS One 9, e97937. doi:10.1371/journal.pone.0097937

Frith, H. J. (1979). ‘Wildlife Conservation.’ Revised edition. (Angus and
Robertson: Sydney.)

Frost,H., Storm,G.,Batcheller,M., andLovallo,M. (1997).White-taileddeer
management at Gettysburg National Military Park and Eisenhower
National Historic Site. Wildlife Society Bulletin 25, 462–469.

Fyffe, J. (2008). ‘Malignant Catarrhal Fever Fact Sheet’. DIAA
Publication 2008/20. Deer Industry Association of Australia. Available

Impacts and management of deer in Australia Wildlife Research 529

dx.doi.org/10.1111/j.1442-8903.2010.00519.x
dx.doi.org/10.1071/WR08042
dx.doi.org/10.1007/s10530-009-9525-1
dx.doi.org/10.1371/journal.pone.0120975
dx.doi.org/10.1007/s11056-008-9117-4
dx.doi.org/10.1071/WR07114
dx.doi.org/10.1071/WR07114
dx.doi.org/10.1002/ece3.1885
dx.doi.org/10.1071/WR06002
dx.doi.org/10.1890/05-0709
dx.doi.org/10.1002/jwmg.179
dx.doi.org/10.1002/jwmg.179
dx.doi.org/10.1111/j.1523-1739.2004.00423.x
dx.doi.org/10.1071/WR08075
dx.doi.org/10.1080/03014223.2011.592200
dx.doi.org/10.1080/03014223.2011.592200
dx.doi.org/10.1071/WR12033
dx.doi.org/10.1071/WR13016
dx.doi.org/10.1071/WR13016
dx.doi.org/10.1371/journal.pone.0097937


at http://www.deerfarming.com.au/FACTSHEETS/Health/20-Malignant_
Catarrhal_Fever.pdf [verified August 2015].

Garner,M. G., andO’Brien, P. H. (1988).Wildlife disease status in Australia.
Revue Scientifique et Technique/Office International des Épizooties 7,
823–841.

Garrott, R. A. (1995). Effective management of free-ranging ungulate
populations using contraception. Wildlife Society Bulletin 23, 445–452.

Gehring, T. M., VerCauteren, K. C., Provost, M. L., and Cellar, A. C. (2010).
Utility of livestock-protection dogs for deterring wildlife from cattle
farms. Wildlife Research 37, 715–721. doi:10.1071/WR10023

Geist, V. (1998). ‘Deer of the World: their Evolution, Behaviour, and
Ecology.’ (Stackpole Books: Mechanicsburg, PA.)

Gormley, A. M., Forsyth, D. M., Griffioen, P., Lindeman, M., Ramsey,
D. S. L., Scroggie, M. P., andWoodford, L. (2011). Using presence-only
and presence–absence data to estimate the current and potential
distributions of established invasive species. Journal of Applied
Ecology 48, 25–34. doi:10.1111/j.1365-2664.2010.01911.x

Hall, G. (2009). Wild deer in Tasmania – exotic pest or valued resource?
In ‘Proceedings of the National Feral DeerManagementWorkshop’. (Ed.
S. R. McLeod.) pp. 58–65. (Invasive Animals Cooperative Research
Centre: Canberra.)

Hall, G. P., and Gill, K. P. (2005). Management of wild deer in Australia.
The Journal of Wildlife Management 69, 837–844. doi:10.2193/0022-
541X(2005)069[0837:MOWDIA]2.0.CO;2

Hamilton, C. A. (1981). Rusa deer in the Royal National Park: diet, dietary
overlap with Wallabia bicolor, influence on the vegetation, distribution
and movements. Masters Thesis, University of Sydney.

Hampton, J., Spencer, P. B. S., Elliot, A. D., and Thompson, R. C. A. (2006).
Prevalence of zoonotic pathogens from feral pigs inmajor public drinking
water catchments in Western Australia. EcoHealth 3, 103–108.
doi:10.1007/s10393-006-0018-8

Hunt, R. J., Claridge, A. W., Fleming, P. J. S., Cunningham, R. B., Russell,
B. G., andMills, D. J. (2014). Use of an ungulate-specific feed structure as
a potential tool for controlling feral goats in Australian forest ecosystems.
Ecological Management & Restoration 15, 231–238. doi:10.1111/emr.
12129

Husheer, S. W., and Robertson, A. W. (2005). High-intensity deer culling
increases growth of mountain beech seedlings in New Zealand. Wildlife
Research 32, 273–280. doi:10.1071/WR04006

Innes, J., Lee,W.G.,Burns,B., Campbell-Hunt,C.,Watts, C., Phipps,H., and
Stephens, T. (2012). Role of predator-proof fences in restoring New
Zealand’s biodiversity: a response to Scofield et al. (2011). New Zealand
Journal of Ecology 36, 232–238.

Invasive Animals CRC (2011). ‘Climatch v1.0.’ (Australian Bureau of
Agricultural and Resource Economics and Sciences: Canberra).
Available at http://data.daff.gov.au:8080/Climatch/climatch.jsp [verified
July 2015].

Invasive Animals CRC (2013). ‘PestSmart Case Study: Feral Deer
Eradication on Kangaroo Island.’ Available at http://www.pestsmart.
org.au/feral-deer-eradication-on-ki/ [verified October 2015].

IUCN (International Union for Conservation of Nature) (2015). ‘The IUCN
Red List of Threatened Species.’Available at http://maps.iucnredlist.org/
[verified July 2015].

Jesser, P. (2005). Deer (family Cervidae) in Queensland. In ‘Pest Status
Review Series: Land protection’. (Department of Natural Resources and
Mines: Brisbane.)

Keith, D., and Pellow, B. (2005). Effects of Javan rusa deer (Cervus
timorensis) on native plant species in the Jibbon–Bundeena area,
Royal National Park, New South Wales. Proceedings of the Linnean
Society of New South Wales 126, 99–110.

Khan, K. S., Kunz, R., Kleijnen, J., and Antes, G. (2003). Five steps to
conducting a systematic review. Journal of the Royal Society of Medicine
96, 118–121. doi:10.1258/jrsm.96.3.118

Kirkpatrick, J. F., Lyda, R. O., and Frank, K. M. (2011). Contraceptive
vaccines for wildlife: a review. American Journal of Reproductive
Immunology 66, 40–50. doi:10.1111/j.1600-0897.2011.01003.x

Kumbasli, M., Makineci, E., and Cakir, M. (2010). Long-term effects of
red deer (Cervus elaphus) grazing on soil in a breeding area. Journal of
Environmental Biology 31, 185–188.

Leimu, R., and Koricheva, J. (2005). What determines the citation frequency
of ecological papers? Trends in Ecology & Evolution 20, 28–32.
doi:10.1016/j.tree.2004.10.010

Lindeman, M. J., and Forsyth, D. M. (2008). Agricultural impacts of wild
deer in Victoria. Arthur Rylah Institute for Environmental Research,
Department of Sustainability and Environment, Melbourne.

Long, J. L. (2003). ‘Introduced Mammals of the World: Their History,
Distribution and Influence.’ (CSIRO Publishing: Melbourne.)

Lorimer, G. S., and Lorimer,D. J. (2005). The conservation status of the shiny
nematolepis (Nematolepis wilsonii) in 2005. Biosphere, Melbourne.

Lowe, S., Browne, M., and Boudjelas, S. (2000). ‘100 of the World’s Worst
Invasive Alien Species. Aliens 12 (Supplement).’ (World Conservation
Union Invasive Species Specialist Group, University of Auckland:
Auckland.)

Manning, A. D., Gordon, I. J., and Ripple,W. J. (2009). Restoring landscapes
of fear with wolves in the Scottish highlands. Biological Conservation
142, 2314–2321. doi:10.1016/j.biocon.2009.05.007

Mason, E. (2006). ‘Secrets of the Sambar: Biology, Ecology, Behaviour and
Hunting Strategies. Vol. 1.’ (Shikari Press: Bairnsdale.)

Massei, G., and Cowan, D. (2014). Fertility control tomitigate human–wildlife
conflicts: a review. Wildlife Research 41, 1–21. doi:10.1071/WR13141

Masters, P. (2009). Management of fallow deer on Kangaroo Island. In
‘Proceedings of the National Feral Deer Management Workshop’. (Ed.
S. R. McLeod.) pp. 70–75. (Invasive Animals Cooperative Research
Centre: Canberra.)

McDowell, R. W. (2007). Water quality in headwater catchments with deer
wallows. Journal of Environmental Quality 36, 1377–1382. doi:10.2134/
jeq2007.0015

McIlroy, J. C. (1982). The sensitivity of Australian animals to 1080 poison.
III. Marsupial and eutherian herbivores. Australian Wildlife Research 9,
487–503. doi:10.1071/WR9820487

McKenzie, R. A., Green, P. E., Thornton, A. M., Chung, Y. S., Mackenzie,
A. R., Cybinski, D. H., and George, T. D. S. (1985). Diseases of deer in
south eastern Queensland. Australian Veterinary Journal 62, 424.
doi:10.1111/j.1751-0813.1985.tb14129.x

McLeod,R. (2004).Counting the cost: impact of invasive animals inAustralia
2004. Cooperative Research Centre for Pest Animal Control, Canberra.

Millington, S. J. (1991). Identification and monitoring of the impacts
on species of Exocarpus cupressiformis (cherry ballart) by Cervus
unicolor (sambar deer) within Mount Buffalo National Park. Parks and
recreation project report. Charles Sturt University, Bathurst.

Milner, A. R., Wilks, C. R., Spratt, D. M., and Presidente, P. J. A. (1981).
The prevalence of anti-leptospiral agglutinins in sera of wildlife in
southeastern Australia. Journal of Wildlife Diseases 17, 197–202.
doi:10.7589/0090-3558-17.2.197

Moore, I. A. (1994). Habitat use and activity patterns of sambar (Cervus
unicolor) in the Bunyip Sambar Enclosure. Masters Thesis, The
University of Melbourne, Melbourne.

Moriarty, A. (2004a). The liberation, distribution, abundance and
management of wild deer in Australia. Wildlife Research 31, 291–299.
doi:10.1071/WR02100

530 Wildlife Research N. E. Davis et al.

http://www.deerfarming.com.au/FACTSHEETS/Health/20-Malignant_Catarrhal_Fever.pdf
http://www.deerfarming.com.au/FACTSHEETS/Health/20-Malignant_Catarrhal_Fever.pdf
dx.doi.org/10.1071/WR10023
dx.doi.org/10.1111/j.1365-2664.2010.01911.x
dx.doi.org/10.2193/0022-541X(2005)069[0837:MOWDIA]2.0.CO;2
dx.doi.org/10.2193/0022-541X(2005)069[0837:MOWDIA]2.0.CO;2
dx.doi.org/10.2193/0022-541X(2005)069[0837:MOWDIA]2.0.CO;2
dx.doi.org/10.1007/s10393-006-0018-8
dx.doi.org/10.1111/emr.12129
dx.doi.org/10.1111/emr.12129
dx.doi.org/10.1071/WR04006
http://data.daff.gov.au:8080/Climatch/climatch.jsp
http://www.pestsmart.org.au/feral-deer-eradication-on-ki/
http://www.pestsmart.org.au/feral-deer-eradication-on-ki/
http://maps.iucnredlist.org/
dx.doi.org/10.1258/jrsm.96.3.118
dx.doi.org/10.1111/j.1600-0897.2011.01003.x
dx.doi.org/10.1016/j.tree.2004.10.010
dx.doi.org/10.1016/j.biocon.2009.05.007
dx.doi.org/10.1071/WR13141
dx.doi.org/10.2134/jeq2007.0015
dx.doi.org/10.2134/jeq2007.0015
dx.doi.org/10.1071/WR9820487
dx.doi.org/10.1111/j.1751-0813.1985.tb14129.x
dx.doi.org/10.7589/0090-3558-17.2.197
dx.doi.org/10.1071/WR02100


Moriarty, A. J. (2004b). Ecology and environmental impact of Javan rusa
deer (Cervus timorensis russa) in the Royal National Park. Ph.D. Thesis,
University of Western Sydney, Sydney.

Moriarty, A., and Brown,A. (2012). ‘Ecological DeerManagementManual.’
(Game Council NSW: Orange, NSW.)

Natural Resources Commission (2016). Shared problems, shared solutions:
pest animal management review. Draft report March 2016. New South
Wales Government, Sydney.

Ng, J., Yang, R., Whiffin, V., Cox, P., and Ryan, U. (2011). Identification of
zoonotic Cryptosporidium and Giardia genotypes infecting animals in
Sydney’s water catchments. Experimental Parasitology 128, 138–144.
doi:10.1016/j.exppara.2011.02.013

Nolan, M. J., Jex, A. R., Koehler, A. V., Haydon, S. R., Stevens, M. A., and
Gasser, R. B. (2013). Molecular-based investigation of Cryptosporidium
and Giardia from animals in water catchments in southeastern Australia.
Water Research 47, 1726–1740. doi:10.1016/j.watres.2012.12.027

NSW Department of Environment and Conservation (2004). Herbivory
and environmental degradation caused by feral deer: key threatening
process listing. NSW Scientific Committee – final determination.
Department of Environment and Conservation. Available at http://
www.environment.nsw.gov.au/determinations/FeralDeerKtp.htm [verified
August 2015].

NSW Department of Environment and Conservation (2005). Deer
Management Plan 2005–2008 for Royal National Park and NPWS
Reserves in the Sydney South Region. NSW Department of
Environment and Conservation in conjunction with the Royal National
Park Deer Working Group, Sydney.

Nugent,G. (1990).Awhite taileddeerpoisoning trial onStewart Island.Forest
Research Institute contract reportFWE90/4.DepartmentofConservation,
Science and Research Division, Wellington, New Zealand.

Nugent, G., and Fraser, K. W. (1993). Pests or valued resources? Conflicts in
management of deer. New Zealand Journal of Zoology 20, 361–366.
doi:10.1080/03014223.1993.10420359

Nugent, G., and Yockney, I. (2004). Fallow deer deaths during aerial-1080
poisoning of possums in the Blue Mountains, Otago, New Zealand. New
Zealand Journal of Zoology 31, 185–192. doi:10.1080/03014223.2004.
9518371

Nugent, G., Parkes, J. P., and Tustin, K.G. (1987). Changes in the density and
distribution of red deer and wapiti in northern Fiordland. New Zealand
Journal of Ecology 10, 11–21.

Nugent, G., McShea, W. J., Parkes, J., Woodley, S., Waithaka, J., Moro, J.,
Gutierrez, R., Azorit, C., Mendez Guerrero, F., Flueck,W. T., and Smith-
Flueck, J. M. (2011). Policies and management of overabundant deer
(native or exotic) in protected areas. Animal Production Science 51,
384–389. doi:10.1071/AN10288

Orians, G. H., and Milewski, A. V. (2007). Ecology of Australia: the
effects of nutrient-poor soils and intense fires. Biological Reviews of
the Cambridge Philosophical Society 82, 393–423. doi:10.1111/j.1469-
185X.2007.00017.x

Parker, B. D. (2009). Feeding biology of sympatric sambar (Cervus unicolor)
and fallow deer (Dama dama) in NE Victoria. Ph.D. Thesis, The
University of Melbourne, Creswick.

Parks Victoria (2005). Threat monitoring protocol: deer (Family: Cervidae).
Parks Victoria, Melbourne.

Peacock, D. (2008). Feral deer distribution, abundance and impact, and
associated landholder attitudes: results of an extremely successful
postal survey of rural landholders in southeast South Australia. In
‘Proceedings of the 14th Australasian Vertebrate Pest Conference’,
Darwin, Australia, 10–13 June 2008. (Eds G. Saunders and C. Lane.)
p. 123. (The Vertebrate Pests Committee and the Invasive Animals
Cooperative Research Centre: Canberra.)

Pedersen, S., Andreassen, H. P., Keith, D. A., Skarpe, C., Dickman, C. R.,
Gordon, I. J., Crowther, M. S., and McArthur, C. (2014). Relationships

between native small mammals and native and introduced large
herbivores. Austral Ecology 39, 236–243. doi:10.1111/aec.12072

Peel, B., Bilney, R. J., andBilney, R. J. (2005). Observations of the ecological
impacts of sambar Cervus unicolor in East Gippsland, Victoria, with
reference to destruction of rainforest communities. Victorian Naturalist
122, 189–200.

Philipps, M. J. (1985). Studies on fallow deer (Dama dama) in the Koetong
pine plantations in north-eastern Victoria. Research Project Thesis,
University of New England, Armidale.

Phillott, A. D., Speare, R., Hines, H. B., Skerratt, L. F.,Meyer, E.,McDonald,
K. R., Cashins, S. D., Mendez, D., and Berger, L. (2010). Minimising
exposure of amphibians to pathogens during field studies. Diseases
of Aquatic Organisms 92, 175–185. doi:10.3354/dao02162

Pickering, C., and Byrne, J. (2014). The benefits of publishing systematic
quantitative literature reviews for PhD candidates and other early-career
researchers. Higher Education Research & Development 33, 534–548.
doi:10.1080/07294360.2013.841651

Pickles, G. S. (1992). Feral goat commercialisation: the beginning of the end
of eradication. In ‘Proceedings of the 15th Vertebrate Pest Conference’,
Newport Beach, California. (Eds J. E. Borrecco and R. E. Marsh.)
pp. 382–385. (University of California: Davis.) Available at http://
digitalcommons.unl.edu/vpc15/62/ [verified October 2016]

Pople, T., Paroz, G., andWilke, A. (2009). Deer management in Queensland.
In ‘Proceedings of the National Feral Deer Management Workshop’.
(Ed. S. R.McLeod.) pp. 50–57. (Invasive Animals Cooperative Research
Centre: Canberra.)

Potts, J. M., Beeton, N. J., Bowman, D. M. J. S., Williamson, G. J., Lefroy,
E. C., and Johnson, C. N. (2014). Predicting the future range and
abundance of fallow deer in Tasmania, Australia. Wildlife Research
41, 633–640. doi:10.1071/WR13206

PricewaterhouseCoopers (2011). ‘The Australian Beef Industry.’
(PricewaterhouseCoopers: Brisbane, Queensland.) Available at http://
www.pwc.com.au/industry/agribusiness/assets/australian-beef-industry-
nov11.pdf

Pullin, A. S., andKnight, T.M. (2009). Doingmore good than harm: building
an evidence-base for conservation and environmental management.
Biological Conservation 142, 931–934. doi:10.1016/j.biocon.2009.01.010

Putman, R. J., and Moore, N. P. (1998). Impact of deer in lowland Britain on
agriculture, forestry and conservation habitats. Mammal Review 28,
141–164. doi:10.1046/j.1365-2907.1998.00031.x

Putman, R., Watson, P., and Langbein, J. (2011). Assessing deer densities
and impacts at the appropriate level for management: a review of
methodologies for use beyond the site scale. Mammal Review 41,
197–219. doi:10.1111/j.1365-2907.2010.00172.x

Raiho, A.M., Hooten,M. B., Bates, S., and Hobbs, N. T. (2015). Forecasting
the effects of fertility control on overabundant ungulates: white-tailed
deer in the National Capital Region. PLoS One 10, e0143122.
doi:10.1371/journal.pone.0143122

Ramsay, B. J. (1994). Commercial use of wild animals inAustralia. Bureau of
Resource Sciences, Australian Government Publishing Service, Canberra.

Rehwinkel, R. (2008). Effects of deer on vegetation and threatened flora in
the DECC estate within southern branch. Report prepared for the
Department of Environment and Climate Change, NSW.

Reid, S. A., Husein, A., Hutchinson, G. W., and Copeman, D. B. (1999).
A possible role for rusa deer (Cervus timorensis russa) and wild pigs
in spread of Trypanosoma evansi from Indonesia to Papua New Guinea.
Memorias do Instituto Oswaldo Cruz 94, 195–197. doi:10.1590/S0074-
02761999000200013

Richardson, J. (2015). Kurrajong survey. Research report. Federation
Training, Lakes Entrance.

Rius,M.,Clusella-Trullas,S.,McQuaid,C.D.,Navarro,R.A.,Griffiths,C.L.,
Matthee, C. A., von der Heyden, S., and Tuon, X. (2014). Range
expansions across eco-regions: interactions of climate change, physiology

Impacts and management of deer in Australia Wildlife Research 531

dx.doi.org/10.1016/j.exppara.2011.02.013
dx.doi.org/10.1016/j.watres.2012.12.027
http://www.environment.nsw.gov.au/determinations/FeralDeerKtp.htm
http://www.environment.nsw.gov.au/determinations/FeralDeerKtp.htm
dx.doi.org/10.1080/03014223.1993.10420359
dx.doi.org/10.1080/03014223.2004.9518371
dx.doi.org/10.1080/03014223.2004.9518371
dx.doi.org/10.1071/AN10288
dx.doi.org/10.1111/j.1469-185X.2007.00017.x
dx.doi.org/10.1111/j.1469-185X.2007.00017.x
dx.doi.org/10.1111/aec.12072
dx.doi.org/10.3354/dao02162
dx.doi.org/10.1080/07294360.2013.841651
http://digitalcommons.unl.edu/vpc15/62/
http://digitalcommons.unl.edu/vpc15/62/
dx.doi.org/10.1071/WR13206
http://www.pwc.com.au/industry/agribusiness/assets/australian-beef-industry-nov11.pdf
http://www.pwc.com.au/industry/agribusiness/assets/australian-beef-industry-nov11.pdf
http://www.pwc.com.au/industry/agribusiness/assets/australian-beef-industry-nov11.pdf
dx.doi.org/10.1016/j.biocon.2009.01.010
dx.doi.org/10.1046/j.1365-2907.1998.00031.x
dx.doi.org/10.1111/j.1365-2907.2010.00172.x
dx.doi.org/10.1371/journal.pone.0143122
dx.doi.org/10.1590/S0074-02761999000200013
dx.doi.org/10.1590/S0074-02761999000200013


and genetic diversity. Global Ecology and Biogeography 23, 76–88.
doi:10.1111/geb.12105

Roberts, C. (2013). Ecology of red deer (Cervus elaphus) in the Grampians
National Park: interactions with native grazers and woodland vegetation.
Ph.D. Thesis, University of Ballarat, Ballarat.

Roberts, C.,Westbrooke,M., Florentine, S., and Cook, S. (2015).Winter diet
of introduced red deer (Cervus elaphus) in woodland vegetation in
Grampians National Park, western Victoria. Australian Mammalogy
37, 107–112. doi:10.1071/AM14013

Rooney, T. P., andWaller, D. M. (2003). Direct and indirect effects of white-
tailed deer in forest ecosystems. Forest Ecology and Management 181,
165–176. doi:10.1016/S0378-1127(03)00130-0

Rutberg, A. T., and Naugle, R. E. (2008). Population-level effects of
immunocontraception in white-tailed deer (Odocoileus virginianus).
Wildlife Research 35, 494–501. doi:10.1071/WR07128

Saito,M. U.,Momose, H., Inoue, S., Kurashima, O., andMatsuda, H. (2016).
Range-expanding wildlife: modelling the distribution of large mammals
in Japan, with management implications. International Journal of
Geographical Information Science 30, 20–35. doi:10.1080/13658816.
2014.952301

Scientific Advisory Committee (2007). Final recommendation on a
nomination for listing: reduction in biodiversity of native vegetation by
sambar (Cervus unicolor) (Nomination No. 756). (Ed. Department of
Sustainability and Environment.) (Scientific Advisory Committee, Flora
and Fauna Guarantee, Department of Sustainability and Environment:
Melbourne.)

Simpson, M., and Srinivasan, V. (2014). Australia’s biosecurity future:
preparing for future biological challenges. CSIRO, Canberra.

Smith, R.W. (2012). Impacts of wildlife grazing on pastures in theMidlands,
Tasmania. Ph.D. Thesis, University of Tasmania, Launceston.

Smith, R. W., Statham, M., Norton, T. W., Rawnsley, R. P., Statham, H. L.,
Gracie, A. J., andDonaghy,D. J. (2012). Effects of wildlife grazing on the
production, ground cover and plant species composition of an established
perennial pasture in theMidlands region, Tasmania.Wildlife Research39,
123–136. doi:10.1071/WR11032

Sparkes, J., Ballard, G., and Fleming, P. J. S. (2016). Cooperative hunting
between humans and domestic dogs in eastern and northern Australia.
Wildlife Research 43, 20–26. doi:10.1071/WR15028

Statham, H. L., and Statham, M. (1996). ‘Movements of Fallow Deer (Dama
dama) in Tasmania and the Effects of Population Sampling onDispersal.’
(Department of Primary Industries and Fisheries: Sydney.)

Stockwell, M. (2003). Assessing the levels and potential impacts of browsing
by sambar deer (Cervus unicolor) in theUpperYarraCatchment,Victoria.
B.Sc.(Hons) Thesis, Monash University, Melbourne.

Strahan, R. (1995). ‘The Mammals of Australia.’ (Reed Books: Sydney.)
Taylor, P. G. (1971). Aspects of the biology of the hog deer (Axis porcinus

Zimmerman 1780). Ph.D. Thesis, Monash University, Melbourne.
Tolsma, A. (2009). An assessment of mossbeds across the Victorian

Alps, 2004–2009. Report to Parks Victoria. Arthur Rylah Institute for
Environmental Research, Department of Sustainability and Environment,
Melbourne.

Tomkins, N. W., Jonsson, N. N., Young, M. P., Gordon, A. N., and McColl,
K. A. (1997). An outbreak of malignant catarrhal fever in young rusa

deer (Cervus timorensis). Australian Veterinary Journal 75, 722–723.
doi:10.1111/j.1751-0813.1997.tb12253.x

Urbanek, R. E., Allen, K. R., and Nielsen, C. K. (2011). Urban and suburban
deer management by state wildlife-conservation agencies. Wildlife
Society Bulletin 35, 310–315. doi:10.1002/wsb.37

van Bommel, L. (2013). Guardian dogs for livestock and protection in
Australia. Ph.D. Thesis, University of Tasmania, Hobart.

van Dyck, S., and Strahan, R. (Eds) (2008). ‘The Mammals of Australia.’
(New Holland Publishers: Sydney.)

VerCauteren, K. C., Lavelle,M. J., Gehring, T.M., and Landry, J.-M. (2012).
Cow dogs: use of livestock protection dogs for reducing predation and
transmission of pathogens from wildlife to cattle. Applied Animal
Behaviour Science 140, 128–136. doi:10.1016/j.applanim.2012.06.006

Walter,W.D., Lavelle,M. J., Fischer, J.W., Johnson, T. L.,Hygnstrom, S. E.,
and VerCauteren, K. C. (2010). Management of damage by elk (Cervus
elaphus) in North America: a review. Wildlife Research 37, 630–646.
doi:10.1071/WR10021

Wardle, D. A., Barker, G. M., Yeates, G. W., Bonner, K. I., and Ghani, A.
(2001). Introduced browsing mammals in New Zealand natural forests:
aboveground and belowground consequences. Ecological Monographs
71, 587–614. doi:10.1890/0012-9615(2001)071[0587:IBMINZ]2.0.CO;2

Warren,R. J., andWarnell,D.B. (2000).Overviewof fertility control in urban
deer management. In ‘Proceedings of the 2000 Annual Conference of the
Society for Theriogenology’, 2 December 2000, San Antonio, Texas.
pp. 237–246. (Society for Theriogenology: Nashville, TN.)

Webley, L. S. (2009). Deer management in Australia. Ph.D. Thesis,
Macquarie University, Sydney.

Webley, L. S., Zenger, K. R., Hall, G. P., and Cooper, D. W. (2007). Genetic
structure of introduced European fallow deer (Dama dama dama) in
Tasmania, Australia. European Journal of Wildlife Research 53, 40–46.
doi:10.1007/s10344-006-0069-8

West, P. (2011). National mapping of the abundance of established, new and
emerging pest animals to improve decision-making and the assessment
of Government investment programs. Stage 1: pest animals report to the
Australian Bureau of Agricultural and Resource Economics and
Sciences, Department of Agriculture, Fisheries and Forestry. NSW
Department of Primary Industries and the Invasive Animals
Cooperative Research Centre, Orange.

West, P., and Saunders, G. (2003). Pest Animal Survey 2002: an analysis
of pest animal distribution and abundance across NSW and the ACT.
NSW Agriculture, Orange.

Wicks, S., Mazur, K., Please, P., Ecker, S., and Buetre, B. (2014).
An integrated assessment of the impacts of wild dogs in Australia.
Research Report No. 14.4. ABARES, Canberra.

Wilson, D. E., and Mittermeier, R. A. (Eds) (2011). ‘Handbook of the
Mammals of the World.’ (Lynx Edicions: Barcelona, Spain.)

Woolnough, A. P., and Kirkpatrick, W. E. (2009). Wild deer in Western
Australia: a review of the current issues. In ‘Proceedings of the National
Feral Deer Management Workshop’. (Ed. S. R. McLeod.) pp. 32–38.
(Invasive Animals Cooperative Research Centre: Canberra.)

532 Wildlife Research N. E. Davis et al.

www.publish.csiro.au/journals/wr

dx.doi.org/10.1111/geb.12105
dx.doi.org/10.1071/AM14013
dx.doi.org/10.1016/S0378-1127(03)00130-0
dx.doi.org/10.1071/WR07128
dx.doi.org/10.1080/13658816.2014.952301
dx.doi.org/10.1080/13658816.2014.952301
dx.doi.org/10.1071/WR11032
dx.doi.org/10.1071/WR15028
dx.doi.org/10.1111/j.1751-0813.1997.tb12253.x
dx.doi.org/10.1002/wsb.37
dx.doi.org/10.1016/j.applanim.2012.06.006
dx.doi.org/10.1071/WR10021
dx.doi.org/10.1890/0012-9615(2001)071[0587:IBMINZ]2.0.CO;2
dx.doi.org/10.1890/0012-9615(2001)071[0587:IBMINZ]2.0.CO;2
dx.doi.org/10.1007/s10344-006-0069-8

