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PURPOSE AND OUTLINE OF HANDBOOK
Introduced deer are recognised as a major and widespread component of the Australian biota
and have an unknown but potentially large impact on the landscapes they now inhabit (Moriarty
2004; Van Dyk and Strahan 2008). This is certainly the case in the Australian Alps, where several
species of deer are common and most likely increasing in abundance. The current handbook,
developed in recognition of this emerging issue, aims to be a practical guide for ACT Parks and
Conservation, NSW National Parks and Wildlife Service and Parks Victoria staff involved in
management of introduced deer within conservation reserves across the Alps.
The handbook is divided into three major sections. In the first section profiles of each of the five
species of introduced deer either known or presumed to occur in the Australian Alps are
presented. These profiles summarise information about the morphology, ecology and
reproductive biology of each species. The second section of this handbook examines the potential
ecological impacts of introduced deer on fauna and flora, particularly native species. Finally, the
third section details ways in which the presence of introduced deer at a site can be inferred,
through direct or indirect signs. A list of useful references and website links about aspects of
introduced deer biology is also provided for those interested in gaining information beyond that
presented here.

A Brief History of Liberation of Deer in Australia
Moriarty (2004) provides an overview of the history of liberation, distribution and relative
abundance of introduced deer in Australia. The first species of deer to be introduced to the
continent were Chital Deer (Axis axis), with a release on a property near Bathurst in New South
Wales in 1803. Originally brought in for farming purposes, these animals subsequently escaped
into the wild. During the nineteenth and twentieth centuries a further seventeen deer species
were introduced into Australia, principally by acclimatisation societies to improve the aesthetics of
the environment and to provide sport for gentry (see also Bentley 1998). Six of these species have
since successfully established themselves in the wild: Chital Deer, Fallow Deer (Dama dama), Hog
Deer (Axis porcinus), Red Deer (Cervus elaphus), Rusa Deer (Cervus timorensis) and Sambar Deer
(Cervus unicolor). Of these six, all but the Chital and Hog Deer definitely occur within conservation
reserves in the Australian Alps. Anecdotal reports exist of the Hog Deer in the Victorian High
Country but these remain to be verified.
Deer farming has been popular since European human settlement of Australia and has variously
provided a source of animals for free-ranging populations. The number of farmed deer increased
rapidly during the 1970s and 1980s, but declined rapidly during the 1990s when the associated
market crashed, resulting in the liberation of large numbers of deer (Moriarty 2004). Translocation
or deliberate illegal releases of deer have also contributed towards the increasing distribution of
some species, most notably the Sambar Deer in Victoria and Red Deer in New South Wales and
Queensland. Of concern, climatic modelling of the distribution of the six species of free-ranging
deer, based on preferred climatic regimes in their native habitats, indicates for most that they
could potentially expand even further into areas not yet occupied (Moriarty 2004).
As at the year 2000 the introduced deer population Australia-wide was estimated at around
200,000 animals (Moriarty 2004). These were spread across over 200 wild herds, mostly comprised
of Chital Deer (13% of herds), Fallow Deer (39%) and Red Deer (30%). Fifteen years on, these
figures are now likely to be a severe underestimate.
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SECTION 1: INTRODUCED DEER SPECIES PROFILES
Fallow Deer Dama dama
Origin: Mediterranean Europe.
Indicative Distribution: Widespread and sometimes locally common across Australian Alps.
Distinguishing Features: Coat colour highly variable, from black, to reddish brown with white
spots, to lighter brown (menil) with white spots to white. Coat colour variants can be universally
present in a single herd. Black and white markings on tail and buttocks prominent. While feeding
tail is flicked continuously. ‘Adam’s Apple’ strikingly prominent in throat of adult stags (Plates 1 and
2).
Preferred Habitat: Open forest and woodland with grassy understorey. Woodland edge adjacent
to grassland.
Social Habit: Gregarious. Outside breeding season herds segregate into groups containing
females and their offspring and groups containing bachelor males. During the breeding season,
dominant males establish ‘rutting’ stands within a defined territory, and attempt to defend a
harem of adult females.
Breeding Season: Breeding typically occurs from mid-April through August, with oestrus in
females synchronised. Fawns are born in late-November to December and weaned approximately
10 months later.
Antlers: Multi-tined, upper half palmate or flattened. Cast in October, reformed by February.

Photos copyrights: Auscape International and Lochman Transparencies

Feeding Behaviour: Mixed grazer/browser.

Plates 1 and 2: Fallow deer – buck and hind.
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Red Deer Cervus elaphus
Origin: Eurasia.
Indicative Distribution: Patchily distributed and usually highly localised across Australian Alps.
Distinguishing Features: Coat colour changes seasonally, being reddish in summer and greyish
brown in winter. Regardless of time of year, lighter yellow-coloured rump patch prominent. Calves
have white spots along flanks when first-born, which tend to fade within a few months. Tail is
small and indistinct. Ears long and pointed (Plates 3 and 4).
Preferred Habitat: Open forest and woodland with grassy understorey. Woodland edge adjacent
to grassland.
Social Habit: Similar social habit to Fallow Deer. Gregarious. Outside breeding season stags
remain segregated from hinds and their offspring, with hinds forming matriarchal herds. During
the breeding season, dominant males establish ‘rutting’ stands within a defined territory
containing a harem of adult females.
Breeding Season: The ‘rut’ or commencement of breeding typically occurs from March to early
April, lasting for a couple of months. During this period stags roar loudly to establish their
dominance and attract a harem of females. Young are born in late November and December after
an eight month gestation period. Young suckled for between eight and 10 months.
Antlers: Multi-tined, six to eight tines common, 10-12 less frequent. Round in section. Cast in
October or November, reformed by February.

Photos copyrights: Lochman Transparencies

Feeding Behaviour: Mixed grazer/browser.

Plates 3 and 4: Red deer – buck and hind.
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Rusa Deer Cervus timorensis
Origin: Java and other Indonesian Islands.
Indicative Distribution: Restricted to localised occurrences in Alpine New South Wales.
Distinguishing Features: Coat colour varies seasonally. Summer coat colour reddish-brown,
darkening on hindquarters and lightening on chest. White chin. Winter coat thicker, upper parts
greyer. Stags often develop thick mane. Newborn calves rich red coat colour (Plates 5 and 6).
Preferred Habitat: Cleared grassy areas but also heathlands, woodlands, forests and rainforest.
Social Habit: Gregarious. Outside breeding season stags remain segregated from hinds and their
offspring.
Breeding Season: The ‘rut’ or commencement of breeding typically occurs June through August,
with peak in calving March through April.
Antlers: In mature stags antlers are lyre-like with three tines per antler – a single brow tine and a
terminal forked set of tines. Rear tine on forked pair is always longer than front tine. Round in
section.

Photos copyrights: Andrew Moriarty

Feeding Behaviour: Mixed grazer/browser.

Plates 5 and 6: Rusa deer – buck and hind.
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Sambar Deer Cervus unicolor
Origin: South-East Asia (India, Sri Lanka and Philippines).
Indicative Distribution: Widespread and often common across Australian Alps.
Distinguishing Features: Largest wild deer species in Australia. Coat colour is uniformly dark
brown, though lighter coloured on the belly and the inner sides of each leg. Characteristic large
rounded ears, about half the length of the head. When disturbed, individuals will raise bushy tail
over back and rump-hair will flare (Plates 7 and 8).
Preferred Habitat: Widespread and adaptable species. Though often associated with tall wet
eucalypt forest, often occurs at the edges of farmlands, and is known to inhabit heathland,
woodland, dry forest and rainforest.
Social Habit: Solitary or in small groups. Outside breeding season stags remain segregated from
hinds and their offspring. During breeding cycle, adult stags attract multiple hinds by the use of
an elaborate array of ‘signposts’ – including wallows, scrapes and preaching trees that are
routinely scent-marked.
Breeding Season: Calving may occur throughout the year, though peaks occur in the winter
(July-August) and summer (January-March), after a gestation period of around eight months. Most
matings therefore occur in the preceding spring (November-December) or late autumn (MayJune). Adult hinds display post-partum oestrus and may produce up to three young every two
years if conditions are favourable.
Antlers: In mature stags antlers are lyre-like with three tines per antler – a single brow tine and a
terminal forked set of tines. Round in section. The front tine of the forked pair may be an
extension of the main antler beam and can sometimes be longer than the rear tine. This is
different from the Rusa Deer where the rear tine of the fork is always the longest. Since breeding
occurs throughout the year, antlers can be cast at differing times, though typically late-spring
through early summer.

Photos copyrights: Auscape International and
Lochman Transparencies

Feeding Behaviour: Mixed grazer/browser.

Plates 7 and 8: Sambar deer – buck and hinds. Note large rounded ears.
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Hog Deer Axis porcinus
Origin: South-East Asia (India and Sri Lanka).
Indicative Distribution: Unknown. Anecdotal reports from Alpine Victoria.
Distinguishing Features: Smallest deer species in Australia. In summer, coat colour is yellowishbrown to reddish-brown above, darker below. Sometimes pale cream spots may be present. In
winter, coat colour is dark brown. Newborn calves have white spots. Tail rather long in proportion
to body, white underneath and at tip (Plate 9).
Preferred Habitat: Typically found along the coast in freshwater and saltwater marshlands,
heathland, woodlands and forests, often adjacent to farmland. The nearby presence of thickets of
dense understorey, used for shelter, is a feature common to locations where the species occurs.
Social Habit: Typically solitary or in small groups. Larger congregations of animals may occur
where food is locally abundant.
Breeding Season: Not well defined with mating and calving throughout the year. However, peaks
in mating occur in December through January, with a subsequent calving peak in August through
September. Gestation period of around 240 days, with young weaned after three to four months
of suckling.
Antlers: Typically short, only 30-35 cm long. Usually arranged as a single brow tine and terminal
forked tines. In older animals additional tines may be present.

Photo copyright: Auscape International

Feeding Behaviour: Mixed grazer/browser.

Plate 9: Hog deer – hind and buck. Note buck has first year antlers.
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Plate 10: Indicative shape of antlers of five species of introduced deer known or likely to occur in the Australian Alps.
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Plate 11: Different types of antler development in introduced deer.
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c. 14 M
c. 12 F

58-72 M
53-58 F

45 M
25 F

Tail Length (cm)

Shoulder Height
(cm)

Weight (kg)

Up to 23 M
Up to 19 F

134-165 M
119-155 F

Fallow Deer

75-100 M
50 F maximum

50-100 M
36-56 F

95 M
77-98 M
F slightly smaller 72-88 F

20-30

110-140

Chital Deer

78-140 (109) M
50-75 (60) F

93-120 (106) M
83-89 (86) F

c. 20 F
c. 20 M

152-185 (157) M
142-165 (149) F

Rusa Deer

SPECIES

136-158 M
92 F

114-122 M
100 F

12-15 M
12 F

200 M
190 F

Red Deer

Up to 300 (192) M
Up to 240 (146) F

112-140 (127) M
102-125 (109) F

c. 30 M
c. 22 F

168-246 (216) M
162-241 (198) F

Sambar Deer

M = Male. F = Female. Number in brackets ( ) refers to mean weight. c. = approximately. All measurements taken from The Mammals of Australia: Third
Edition (2008). S. Van Dyk and R. Strahan eds. Reed New Holland, Sydney, Australia.

115-135 M
115-125 F

Hog Deer

Head and Body
Length (cm)

ATTRIBUTE

Table 1. Body measurements of deer species established in the wild in Australia.
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Plates 12: Line sketches of Fallow deer buck and hind. Copyright Frank Knight.
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Plates 13 and 14: Line sketches of Sambar deer and Hog deer buck and hind. Copyright Frank Knight.
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Plates 15 and 16: Line sketches of Red deer and Rusa deer buck and hind. Copyright Frank Knight.
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SECTION 2: ECOLOGICAL IMPACTS OF INTRODUCED DEER
Introduced deer are ruminants with an ability to adapt to low-quality, highly fibrous plant
material. Without exception, dietary studies of introduced deer in Australia and from elsewhere
around the world where they have been introduced indicate widespread browsing of native plant
species as well as agricultural crops. Given their broad-ranging palate, introduced deer can
potentially have a profound impact on plant community structure and floristics, from the ground
layer ultimately to the tree canopy if recruitment of tree species is negated. These impacts are
most likely to be realised where deer densities are high. Where deer densities are low, impacts on
native vegetation may be difficult to identify.

Photo copyright: Lochman Transparencies

Deer browsing can impact on at least two major plant life-cycle processes: seedling establishment
and seed production. Seedlings may have less capacity to recover from defoliation by deer than
established plants and may be more palatable due to reduced fibre content. Browsing may result
in removal of reproductive parts like flowers and seeds in a single visit for some plants. In some
cases, repeat browsing or physical damage by deer may affect survival and growth of established
plants. These effects are likely to be less significant on plants that grow beyond the browsing
reach of deer (i.e. above a height of 1.5-2.0 metres). That said, persistent bark stripping may lead to
ringbarking and death of trees (Peel et al. 2005). Ultimately the magnitude of impacts on a given
plant species will depend upon its palatability
relative to other plant taxa, the density of the deer
population, the accessibility of edible plant tissues
and the propensity of that plant to replace leaf tissue
(Keith and Pellow 2005). Heavy predation by deer on
favoured plant species may lead to the dominance of
unfavoured plant species on a site, leading to
changes in plant floristics and structure. For example,
at Royal National Park ferns and sedges, representing
unpreferred forage species, may spread vegetatively
to occupy space vacated by declining palatable
shrubs and herbs.

Plate 17: A Chital deer buck on its hind
quarters. Note browsing behaviour.

Compelling evidence for introduced deer impacts on
native vegetation come from a series of long-term
studies in New Zealand (see Nugent et al. 2001 for
review). There, the interactions among deer and
native plants have been studied for nearly fifty years.
For example, grassland recovery has been noted in
Northern Fiordland against a program of aerial
culling for Red Deer (Rose and Platt 1987). The most
substantial changes to vegetation floristics and
structure occurred when deer densities were
reduced to near zero.

13

FIELD IDENTIFICATION GUIDE
At this point, an increase in ground herbs was noted, particularly preferred browse species.
Elsewhere, recovery of palatable broad-leaved hardwood plants through increased density of
saplings in fenced plots compared to unfenced plots has been noted (Husheer 2007). Outside of
fenced plots very little sign of vegetation recovery was reported despite a background of
recreational deer hunting. However, when formal culling programs have been introduced to such
sites, resulting in large reductions in deer population densities, recovery of tree species has been
reported, particularly in mountain beech (Nothofagus solandri) forests (Husheer & Frampton 2005;
Husheer & Robertson 2005).

Photo credit: Andrew Claridge.

In Australia, qualifying the impact of introduced deer on plants demands separating their
browsing behaviour from that caused by native herbivores such as kangaroos and wallabies. To
some extent this can be done through careful observational work. However, the best way to
discriminate browsing effects is through the use of exclusion fencing designed to keep deer out
but allow native herbivores in. Preliminary designs for such fencing have been documented by
Bennett and Coulson (2008). These are based principally on wire mesh exclusion fencing, with a
gap in the fence below 500 mm. Subsequent field trials established that young deer were able to
get under these gaps so the gap was reduced to around 300 mm.

Plate 18: A grove of Hazel Pomaderris (foreground), heavily browsed by Sambar Deer in Mount
Buffalo National Park, Victoria..
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IMPACTS ON AUSTRALIAN FLORA
Of the few studies of deer impact on Australian flora
published to-date, most are restricted to observationaltype work. In perhaps the most experimentally rigorous
study, Moriarty (2005) examined the general ecology and
environmental impact of Rusa Deer in the Royal National
Park, south of Sydney. There, deer consumed over 150
native species of plants including a variety of trees,
shrubs, climbers, creepers, ferns, orchids, herbs, grasses,
rushes and sedges.
Of the plants eaten, two were listed endangered species
and nine were vulnerable species under the New South
Wales Threatened Species Conservation Act 1995. A further
13 plant species were otherwise considered to be
regionally uncommon. Plant species diversity was
compared over a three year period in a series of matched
Plate 19: Small shrubs such as
Boronia deanei can be easily accessed plots, half where deer were excluded and half where they
by deer. However, they produce
were given free access. These matched plots, stratified
secondary compounds for protection across
from browsing. Photo copyright: John Briggs each of
the major vegetation communities across the
reserve, were otherwise matched in terms of
similar relative abundances of native herbivores.
Overall, no differences were observed between the
diversity of plant species in fenced plots compared
to control plots. However, large differences existed
in plant species diversity between plots located in
high deer density locations compared to low deer
density locations: 54% less understorey species at
high deer density sites in littoral rainforest; 33%
less understorey species in sandstone gully forest,
and; 27% less understorey species in sandstone
heath.
Keith and Pellow (2005) studied the regeneration
of seedlings of the Magenta Lilly Pilly (Syzygium
paniculatum) within an enclosed yard in Royal
National Park, south of Sydney. When Rusa Deer
were allowed access into the yard all seedlings
suffered some loss of foliage.
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Plate 20: The Tumut Grevillea is susceptible
to introduced deer browsing impacts.
Photo copyright: John Briggs
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For the majority of individual plants less than 25% of
foliage remained and 15% of plants were severely
damaged, having their bark stripped off or their main stem
broken near ground level. When deer were subsequently
excluded from the yard 90% of the seedlings began to
recover, growing new shoots and foliage to varying
degrees. Five plants in an adjacent yard were protected for
the duration of the experiment and showed no
appreciable change in loss of foliage.
More generally, deer were found to browse on 70 native
plant species with young foliage and shoots preferentially
eaten. Leguminous species were particularly heavily
browsed on, as were rainforest species including Lilly Pilly
(Acmena smithii), Kangaroo Vine (Cissus antartica) and
Muttonwood (Rapanea howitteana).
Other forms of damage included bark removal and
stripping, and removal of inflorescences. In sites where
Plate 21: Orchids such as Cryptostylis
deer foraging activity was concentrated sites became
hunteriana can be eaten whole
by deer. Photo copyright: John Briggs
largely
denuded of vegetation, with exposure of roots of
large woody trees and shrubs and erosion of
sandy topsoil. In contrast, adjacent sites with little
evidence of deer tracks and scats retained an
open and continuous cover of grasses, herbs and
shrubs.
The extent to which these changes could be solely
attributed to deer as opposed to native herbivores
such as possums and wallabies could not be
determined. However, the authors noted that
there was not much indirect sign of native
herbivores at heavily denuded sites.

Plate 22: Repeated rubbing of trees by
deer can lead to plant death.
Photo copyright: Rudi Pleschutschnig

Based principally upon the observations made by
Moriarty (2005) and Keith and Pellow (2005), the
New South Wales Scientific Committee listed
“Herbivory and environmental degradation
caused by introduced deer” as a Key Threatening
Process on Schedule 3 of the Threatened Species
Conservation Act 1995 [17 December 2004].
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In East Gippsland, Victoria, Peel et al. (2005) made an
observational study of the foraging habits of Sambar
Deer on a range of rainforest vegetation communities.
Foraging impacts of deer were differentiated from that
caused by native herbivores such as wallabies on the
basis of browsing heights: with wallabies assumed to
forage principally in the range 0.75-0.85 m above the
ground and deer at greater heights.
They found that deer included a wide range of native
plants in their diet with almost all available plant
species up to a height of 2.5 m browsed, including
canopy species, shrubs and trees, vines, tree-ferns and
ground-ferns. They were recorded as removing stems,
shoots and leaves that stunted growth of plants,
lowering reproductive output of plants by consumption
of reproductive parts, including those from threatened
plant species.
Plate 23: A Rough-Barked Tree Fern
Cyathea australis showing signs of
stripping by a Sambar deer buck.

Browsing and antler rubbing damage was noted on
nearly
Photo copyright: Rudi Pleschutschnig
50
different plant species. Browsing occurred on plant
species that were ordinarily unpalatable to
marsupial herbivores, including species that might
otherwise protect palatable species by growing
around them to create “safe sites”. Peel et al. (2005)
noted an acute impact on two threatened
ecological communities: Alluvial Terraces Warm
Temperate Rainforest and East Gippsland Warm
Temperate Rainforest. Aside from these direct
impacts, the authors also reported that deer
created bareground areas through creation of
trails, wallows and rutting areas.
These microsites not only were increasingly
subject to exposure and erosion, but also became
places for weed establishment. On the basis of
these collective observations, a listing of
“Reduction in biodiversity of native vegetation by
Sambar (Cervus unicolor)” was made in 2007 under
the Victorian Flora and Fauna Guarantee Act 1988.
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Plate 24: A Mountain Gum (Eucalyptus
dalrympleana) bole with scoring by the
tines of a Sambar deer buck.
Photo copyright: Rudi Pleschutschnig
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Given the broad-ranging diet of introduced deer, it is likely that all threatened flora species across
the Australian Alps are palatable to varying degrees. It is also likely that they are more or less
accessible to deer and that deer can trample them. Some species are likely to be particularly
vulnerable to browsing, because the plants are small and herbaceous (e.g. orchids and daisies)
and can be consumed in one bite, thus depleting the individual plants ability to lay down a store
of nutrients for subsequent growth, or alternatively denying the plants an opportunity to
reproduce and recruit. Such species may also occur in very small populations, which render them
particularly vulnerable to one-off grazing events. Other species are likely to be at risk from
physical damage caused from antler rubbing by deer. Species that reach a height of 2 m or greater
are flagged to be at particular risk from this impact. Taller growing species, including a number of
tree species, are likely only to be at risk of browsing when they are in the seedling or sapling
stages of their growth. However, these species are still likely to be at high risk from antler rubbing
which may have the effect of ring-barking in the sapling or mature stages.
Some flora species produce chemical defences in the form of secondary compounds (Cote et al.
2004). These defence mechanisms may render the plants less vulnerable to impacts of browsing.
In some cases the secondary compounds are stronger in plant tissues regenerating after an initial
bout of browsing. Plants known to contain secondary compounds include the pungent oils found
in the shrubs and trees of the families Myrtaceae (Eucalyptus and Melaleuca), Rutaceae (Boronia),
Lamiaceae (Prostanthera) and conifers, the alkaloids in the Solanaceae (Solanum) and the
poisonous sap in members of the Euphorbiaceae (Euphorbia).
Plants in the pea or legume family (Fabaceae) are generally particularly palatable because of the
higher level of proteins present in their foliage and fruits. This is due to the presence of nitrogenfixing bacteria in nodules on their roots. Survey information from travelling stock reserves
throughout south-eastern New South Wales has revealed that even though these reserves have
had a generally lower level of grazing by domestic stock than the surrounding grazing land,
fabaceous shrubs and trees are generally rare in such sites (Rainer Rehwinkel, Office of
Environment and Heritage
unpublished data). This is in
contrast to adjacent road
reserves in which
populations of species of
Acacia, Dillwynia and
Hardenbergia are often
retained in the absence of
grazing. It is assumed that
introduced deer are just as
likely as domestic stock to
favour such palatable
Plate 25: A Sambar deer buck denuding vegetation in Alpine
species.
National Park, Victoria. Photo copyright: Rudi Pleschutschnig
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IMPACTS ON AUSTRALIAN FAUNA
The impacts of introduced deer on
Australian fauna are largely
unknown. In terms of life history,
some species of native fauna may be
more prone to disturbance from
introduced deer if their den, burrow
or nest sites are either capable of
being trampled or otherwise
modified or removed through
browsing effects on vegetation. For
example, predominantly grounddwelling mammals such as the
Plate 26: The Mountain Pygmy Possum relies on dense Broad-toothed Rat (Mastacomys
ground cover and may be prone to predation if that
fuscus), Long-footed Potoroo
cover is removed. Photo copyright: Linda Broome
(Potorous longipes) or Southern
Brown Bandicoot (Isoodon obesulus) make nests out of dead or live vegetation at the soil-litter
interface and may be disturbed more easily than arboreal (tree-dwelling) mammals such as the
Squirrel Glider (Petaurus norfolcensis) or Yellow-bellied Glider (P. australis) that use den sites in
standing hollow-bearing trees. In the latter case, the availability of den sites may only become
limiting over long periods of time where such structures are not being recruited into a forest
stand. Similarly, trampling by deer at the edge of sphagnum bogs may have an impact on burrow
sites of ground-dwelling amphibians such as the Northern and Southern Corroboree Frogs
(Pseudophyrne pengilleyi and P. corroboree).
Species of native fauna that rely on plant-derived food resources may be more likely to be
impacted upon by introduced deer in the first instance than species that feed on other foods such
as invertebrates. As mentioned elsewhere,
deer may eat all parts of plants, including
flowers and seed-bearing structures. Native
fauna reliant on sedges, grasses and
ground herbs may be particularly
vulnerable. These include small highly
granivorous (seed-eating) birds such as the
Diamond Firetail (Stagonopleura guttata),
Striated Fieldwren (Calamanthus
fuliginosus) and Superb Parrot (Polytelis
swainsonii). Among the mammals,
omnivorous species such as the Broadtoothed Rat and Smoky Mouse (Pseudomys Plate 27: The Broad-toothed Rat relies on dense,
fumeus), and herbivores such as the Brushshrubby vegetation for shelter and food. If that
tailed Rock Wallaby (Petrogale penicillata)
resource is removed the species may be
are good examples.
disadvantaged. Photo credit: Jiri Lochman.
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Finally, some native fauna may be more reliant on sites where floristic diversity is high and/or
where ground cover is thickest. For example, species such as the Long-footed Potoroo, Longnosed Potoroo (P. tridactylus) and Southern Brown Bandicoot are known to prefer areas with
dense ground cover. In situations where this ground cover is removed they may be increasingly
exposed to other threatening processes such as predation from introduced carnivores such as the
Red Fox (Vulpes vulpes) and Introduced Cat (Felis cattus). Similarly, for some species of grounddwelling frogs, a thick ground cover of vegetation along stream banks may provide protected
suitable shelter from avian predators, or semi-protected calling or basking sites. If such vegetation
is removed along riparian strips then sites may become unfavourable. Some threatened birds are
associated with dense understorey that provides suitable foraging microhabitats or locations to
build nests that afford protection from predators. The Eastern Bristlebird (Dasyornis brachypterus)
and the Ground Parrot (Pezoporus wallicus) are good examples. For other species, shrub cover may
be more important. For instance, the Squirrel Glider is known to favour thickets of Acacia for
foraging in. As already mentioned, introduced deer can sometimes cause excessive damage to
shrubs through browsing and more typically ringbarking through antler rubbing (Peel et al. 2005).
For other threatened
fauna, potential
introduced deer
impacts are less
obvious. For example,
most threatened
microbats are
reported from a wide
variety of vegetation
types, they tend to
roost in large hollowbearing trees, and
their foraging
activities are not
ordinarily restricted to
Plate 28: The Southern Corroboree Frog is susceptible to
certain microhabitats.
trampling by introduced deer. Photo copyright: Dave Hunter
In such cases,
pinpointing the direct impacts of introduced deer may be difficult. More generally, the overlap in
plant species consumed by introduced deer is very often high with that consumed by sympatric
native herbivores such as the Swamp Wallaby (Wallabia bicolor) and Eastern Grey Kangaroo
(Macropus giganteus). Introduced deer may also have a broader palate than native marsupial
herbivores such as kangaroos and wombats (Vombatus ursinus) (i.e. Davis et al. 2008). Competition
with native animals for food resources may become critical when food is limited or where deer are
densities high.
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OTHER ECOLOGICAL IMPACTS

Photo copyright: Lochman Transparencies

Introduced deer may also act as vectors for weeds. For example, Davis et al. (2010) established that
several species of exotic forbs germinated out of Hog Deer scats collected from coastal Victoria.
Similarly, at Mount Buffalo National Park in the Victorian Alps, Eyles (2002) observed that seeds
from Himalayan Honeysuckle (Leycesteria formosa) remained viable in Sambar Deer faeces after
passage through the gut after browsing. Blackberry (Rubus spp.) is often commonly eaten by
Sambar Deer (Mason 2006) and its seeds likely spread. Finally, in lowland East Gippsland, Victoria,
Peel et al. (2005) noted that sites within rainforest that had been heavily browsed by Sambar Deer
became sites for weed infestation. The authors provided no details of what species of weeds were
at such sites but indicated that they had potential to dramatically alter the composition of the
native rainforest.

Plate 29: A Sambar deer buck post-rut. Note antlers are clear of velvet.
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DISEASE TRANSMISSION
Introduced deer may act as reservoirs and vectors for a variety of parasites and infectious diseases
of agricultural livestock and humans (McKenzie et al. 2005; Dolman & Wäber 2008). These include:
cattle tick, leptospirosus, Johne’s disease (JD), malignant catarrhal fever, screw worm fly and Surra
(see for example http://www.wettropics.gov.au/mwha/mwha_pdf/deer/Deer_Fact_Sheet.pdf ).
However, the degree to which they actively transmit such parasites and diseases is unclear.

Photo copyright: Rudi Pleschutschnig

The ability of deer to contract and be a source of infection for bovine tuberculosis and JD is well
recognised in commercial deer herds, both within Australia and New Zealand. The extent to which
they occur in wild deer populations is unknown (see chapters by Pople et al. and Williams in
McLeod 2009). Nevertheless, JD has been isolated in Red Deer recently escaped from a known
infected commercial herd (see chapter by Williams in McLeod 2009). JD is caused by
Mycobacterium avium subsp. paratuberculosis (M paratuberculosis). It causes chronic enteritis in
domestic ruminants such as cattle, goats and sheep and can be a significant source of mortality.
Surra is a disease of cattle, deer, goats and sheep and is caused by the exotic blood parasite
Trypanasoma evansi. Also fatal to cats, dogs, donkeys, horses and mules, Surra is common in Asia
but not currently known to occur in Australia. This is just as well since marsupials such as
kangaroos and wallabies are also susceptible to the disease.

Plate 30: Deer scats can contain seeds of weeds as well as act as reservoirs for various diseases.
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SECTION 3: OBSERVING SIGNS OF DEER IN THE WILD
Deer are elusive animals that are not readily observed directly in the wild. More often than not
deer sightings are incidental, such as a fleeting glimpse of an animal crossing a road while driving.
However, determining where introduced deer have been in the landscape is a relatively
straightforward task since they leave a range of direct and indirect signs of their presence. Direct
signs include the presence of tracks, scats or shed antlers. Indirect sign includes damage to
vegetation through browsing, rubbing against shrubs and trees or trampling.

Tracks
One of the most obvious signs of introduced deer in the wild is their foot tracks. Deer are hoofed
animals. Each hoof has two toes or cleaves. Tracks left by front and rear hooves may differ in size as
well as shape and in some cases it may be possible to differentiate the sex of the animal based on
these attributes.

(a)

(b)

Plate 31: Line sketches of Sambar deer tracks. (a) Comparison between male and female
front hooves. (b) Front and rear hooves of female Sambar deer tracks. Copyright: Frank Knight
In a Sambar Deer stag the front hoof is typically wider than the rear, is more rounded in shape and
cleaves are of similar length due to them being worn down by scraping and digging wallows
(Mason 2006). In contrast, the rear hoof is usually longer and more pointed, with the outside
cleave longer than the inner cleave. In hinds, the front hooves are generally pointier in overall
shape than in a stag and the outside cleave is usually slightly longer than the inside cleave. On the
rear hoof the outside cleave is much longer than the inside cleave. On flat surfaces, in does and
hinds, the tracks of the rear feet will usually contact the ground directly on top of or immediately
outside the front track (Mason 2006). In comparison, in stags and bucks the rear tracks will fall
inside of and usually well short of the front tracks. Furthermore, in large stags or bucks the tracks
will be toed-out slightly or splayed due to the larger body mass. In soft ground, the dew claws
(reduced or vestigial toes) sometimes leave an impression in the ground. The size of deer tracks is
invariably related to the overall size of the animal in question so they can tell you something
about the age of the animal. In such cases, you need to ensure that tracks being used to indicate
size are obtained from a walking animal rather than a running one, since in the latter the track size
tends to get exaggerated (Mason 2006).
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Tracks will also indicate the direction of travel of an individual deer and to some extent how long
ago it may have moved through a landscape. In very fresh tracks, for instance, the soil may still be
moist in the base of the print. After a period of time, with the action of the sun, the base of the
print will dry out.
Deer tracks are most easily confused with tracks left by three other species of hoofed mammal:
the Goat (Capra hircus), Pig (Sus scrofa) and Sheep (Ovis aries) (see plates 37-39). These can be very
similar in appearance and difficult to tell apart in a field situation (see Triggs 2004). Deer tracks are
generally larger than those left by the other three species. Deer and pig tracks may include
impressions of dew claws. In deer the dew claws are invariably close together behind impressions
left by the main cleaves while in pigs they are well separated. In pig and goat tracks, the front end
of cleaves tend to be more rounded in shape than that left by deer and sheep. In deer tracks, there
is a slight gap between cleaves at the rear of the track while in sheep there is little to no gap
between cleaves. Otherwise, where tracks are present and diagnosis hard to make solely on the
basis of their appearance, other signs such as scats may help resolve identification.

Plate 32: Red deer male front and rear
hooves in soft mud.

Plate 33: Red deer male front hoof,
walking gait.

Plate 34: Red deer female front hoof, splayed.

Plate 35: Multiple red deer tracks.
Photos copyrights: Andrew Claridge and Tony Stubbs
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Plate 36: Deer Tracks

10cm

5cm

2

Photo copyright: Allan Reid

1

Distinguishing features:
•
Not easily distinguished from SHEEP, PIG and GOAT but generally larger
•
Two elongated toes make up the hoof (1)
•
Slight gap between toes on both feet (2)
•
In soft soil, can leave impression of dew claw behind print (see below)
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Plate 37: Pig Tracks

2
10cm

Photo copyright: Allan Reid

5cm

1

Distinguishing features:
•
Not easily distinguished from SHEEP, GOAT and DEER
•
Two rounded toes make up the hoof (1)
•
Can leave scuff marks from toes (2) similar to SHEEP and GOAT
•
In soft soil, can leave impression of dew claw behind print (see below)
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Plate 38: Goat Tracks

2
10cm

Photo copyright: Allan Reid

5cm

1

Distinguishing features:
•
Not easily distinguished from SHEEP, PIG and DEER
•
Two long toes make up hoof (1)
•
Rounded at end of toes (2)
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Plate 39: Sheep Tracks

1

10cm
2

Photo copyright: Allan Reid

5cm

Distinguishing features:
•
Not easily distinguished from PIG, GOAT and DEER
•
Two long toes make up hoof (1) with little or no gap between toes (2)
•
Pointed at tips of toe (1)
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BROWSING
As documented elsewhere in this handbook, introduced deer browse on a wide variety of plant
species. In some locations, preferred browse species may take on a pruned or bonsai-look, with
variously-aged browsing events apparent (Mason 2006). In some situations, browsing of
vegetation by introduced deer may not be so obvious since animals may simply be taking small
bites out a number of plants. At the same sites native herbivores such as kangaroos and wallabies
may also be browsing on the same plant species (e.g. Moriarty 2004; Davis et al. 2008). In such
instances it may be difficult to differentiate browsing damage caused by deer versus that caused
by the native herbivores. Large kangaroos may browse plants within the general height range as
that browsed by introduced deer and wallabies also have a surprising browse height by virtue of
the fact they can hold branches and pull them down (Mason 2006). In situations where deer are
sympatric with these native herbivores then, it is wise to look around browsed plants for
associated signs such as scats and tracks before assigning likely cause.

Photo credit: Andrew Claridge.

Across the Australian Alps there may be certain plant species that show obvious signs of browsing
impacts by deer. For example, in moist forests and along drainage lines, the medium-sized woody
shrub the Prickly Currant Bush (Coprosma quadrifida) is often favoured by Sambar Deer. Elsewhere,
in drier forest types, the small woody shrub Sweet Bursaria (Bursaria spinosa) can be heavily
browsed in preference to other plants by both Sambar and Fallow Deer. In both cases, individual
plants can be sometimes severely pruned from repeated browsing events.

Plate 40: Severe browsing on Sweet Bursaria by Sambar Deer in Kosciuszko National Park, NSW.
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Faecal Pellets or Scats
Deer produce rounded, oval or oblong pellets or scats that may be deposited either singly or
more usually in clumps containing large numbers of pellets. Clumps of deer scat usually break
down into separate pellets upon contact with the ground. The size and form of scats may vary
within and between different species of deer. For example, within a deer species, scats of younger
individuals may be smaller in dimension than that of mature individuals. Scats of mature Sambar
Deer typically measure around 18 mm in length and 14 mm in width (Mason 2006). In contrast,
scats of mature Fallow Deer are around 15-20 mm in length but only around 7-8 mm in width. The
scats of both species are typically oblong in shape, often with a distinct nipple at one end.
In a field situation, deer scats can be most easily confused with those produced by other
introduced herbivores such as goats and sheep (see plates 42-53). Field guides such as Triggs
(2004) provide some pointers for how to discriminate between scats left by these species and
those left by deer. Typically, goat pellets are usually pointed at both ends and are cylindrical in
shape. In sheep scats, either end is mostly dimpled or rounded.

Photo credit: Andrew Claridge.

Scats can be used to help diagnose how long since an animal has moved through the landscape.
For Sambar Deer very fresh scats are usually quite soft in texture and olive green or British racing
green and have a very strong herbaceous smell (Mason 2006). When first deposited they may be
covered in a thin mucous layer. After a day or so, the mucous layer disappears and scat colour
changes to brown. These changes may be moderated with climatic conditions. For example,
during drought conditions even freshly produced scats may appear dry and brown in colour. Scat
colour may also vary with type and degree of browse in the diet. When grasses and herbaceous
plants are mostly eaten then scats tend to be green. With increasing browsing on woody trees
and shrubs, then scats tend to be browner. Following exposure to the elements, deer scats may
turn dark brown or even black.

Plate 41: Riparian sites are prime habitats for Sambar Deer in the Australian Alps.

30

Photos copyrights: Dave Hunter and Andrew Claridge

31
Plate 45: Sheep. Note irregular shape

Plate 47: Dry Sambar deer hind.
Note heart to rounded shape

Plate 46: Fresh Red deer

Plate 43: Dry Fallow deer

Plate 44: Fresh goat. Note distinct pointed end

Plate 42: Fresh Fallow deer
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Photos copyrights: Dave Hunter and Andrew Claridge
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Plate 51: Dry Chital deer buck

Plate 53: Female Hog deer

Plate 52: Male Hog deer

Plate 49: Dry Sambar deer buck. Note heart
shape with grooved end

Plate 50: Dry Rusa deer. Note oblong shape
with distinct pointed end

Plate 48: Dry Juvenile Sambar deer hind.
Note oblong to heart shape
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Photos copyrights: Andrew Claridge
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Photo credit: Andrew Claridge.

Plate 54: Browsing damage by Fallow deer on grass tree foliage, Kosciuszko National Park, NSW.

Plate 55: Hakea and Lomatia woody shrubs rubbed to death by Sambar Deer in Kosciuszko
National Park, NSW.
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CAST ANTLERS
Antlers are an outgrowth of the skeletal system of deer and are grown and shed annually by
stags. Initiation of antler development, subsequent growth and eventually shedding are regulated
by testosterone. In Sambar Deer, the process of antler development may take four to six months
(see Mason 2006). During this process antlers are covered in a sensitive skin or integument coated
with hair. Known as velvet, this skin is highly sensitive with multiple nerve endings and blood
vessels, which serve to nourish the inner antler. As the antler approaches full development, blood
flow to the velvet is restricted and it dries and flakes. During this time deer may rub off the velvet
by thrashing the vegetation, resulting in a clean or polished set of antlers.
At the end of the breeding cycle adult stags typically shed or “cast” antlers. In Sambar Deer the
majority of antlers are cast in the summer months, between November and February, and the
process of antler development then begins again. For the other deer species, antlers are also
generally shed in late spring through to the end of summer. Usually, the dominant stag in an area
will cast antlers before subordinates.

Copyright: Frank Knight

The size, shape and arrangement of tines on antlers can be indicative for species. For example, the
antlers of Fallow Deer are flattened or palmate in profile, unlike those of the other deer species
which are rounded in cross-section and external morphology. In Rusa Deer, each antler is
characterised by three tines, a brow tine and a terminal set of two forked tines. The rear tine of the
forked pair is invariably longer than that of the front tine. The same is true of the Chital Deer,
whereas for the Sambar Deer the front tine of the forked pair can sometimes be longer than that
of the rear. For both species, antlers usually have six tines. In contrast, for Red Deer antlers may be
multi-pointed, with up to eight tines common. Antlers of the Hog Deer are short, in the order of
30-35 cm in length. Aside from size they are characterised by the acute angle between the brow
tine and the main beam.

Plate 56: Line sketches of antler development in
yearly increments for Sambar deer.
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The shape and arrangement
of tines on antlers may vary
from one year to the next.
Typically it takes several
years of successive growth to
result in full antler
development, in terms of size
and number of tines (see
Triggs 2004). Eventually, in
older stags, antlers may
become grossly misshapen.
In such cases, instead of
being upright, antlers may
sometimes be curved in
shape like “handle bars” or
the appearance of each
antler in a pair may be wildly
different.
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SIGNPOSTING
Deer are typically highly social and communicate with one another using a variety of means,
resulting in a series of chemical and physical “signposts” in the landscape. Chemical signalling is
very well developed in all deer species, and has been particularly described in non-vocal species
such as the Sambar Deer. This species has very well developed pre-orbital glands. These small
internal sacs open on the skin on each side of the face below the eye, and contain an herbaceoussmelling yellow wax. Pre-orbital glands are usually everted when stags are aggressive, excited or
when scent-marking (see Mason 2006). In hinds they are everted during oestrus, when individuals
are being aggressive toward one another or when tending calves.
Sambars also have other glands which may be used in scent-marking. These include: (i) four small
glands present on the dorsal surface of the nose, (ii) metatarsal glands on the outside of the hind
legs immediately below the hock, and (iii) a large gland just under the skin running the entire
length of, and encircling the tailbone. Each of these glands variously produces exudates with a
strongly herbaceous smell. Secretions from these may be variously rubbed on to trees or other
vegetation and act as signposts. Urine may also be used similarly for communicative purposes.

Photo copyright: Andrew Claridge

Dominant stags concentrate signposting activities to a smaller area within an overall home range
referred to as a mating territory (Mason 2006). This is usually located within or adjacent to the
bedding areas of hinds and/or around preferred nocturnal feeding grounds where hinds
aggregate. Often these areas are in drainage lines or wet areas which are perfect for formation of
wallows (see below). The concentration of signposting by a dominant stag is thought to deter
other male animals from entering its territory and reduce actual contact between individuals.

Plate 57: Signposting by introduced deer comes in a variety of forms, including wallows
situated in drainage lines. This image depicts a young Sambar Deer in a riparian wallow in
Mount Buffalo National Park, Victoria.
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Rub trees are the most
common form of signposting in
deer. Rubs are formed by
repeated agitation of the bark
of trees or shrubs by antlers.
Sometimes the same tree is
repeatedly rubbed over
successive years and there may
be several rub trees in
succession along a prominent
geographic feature such as a
ridge, implying that they may
be used in part to define the
home range of a stag. The types
of trees preferentially rubbed
by deer vary with habitat. For
Sambar Deer, these include
various species of Eucalyptus,
Wild Cherry (Exocarpus
cupressiformis), Banksia, Hakea
and Pomaderris (Mason 2006).
Rubs are typically made on
small to medium-sized trees
rather than large trees, allowing
the trunk to fit between the
brow tines. In Sambar Deer,
trees are usually rubbed
anywhere between one and
two metres above ground level.
These rubs are usually highly
visible, with a marked contrast
between bark and sapwood.
Rub trees may also be covered
in mud by stags following
wallowing. The purpose of this
is to help leave traces of urine
as well as other chemical
secretions on the tree.

Photo copyright: Andrew Claridge

RUB TREES

Plate 58: Rub trees such as this Black Wattle in Kosciuszko
National Park, NSW, are a common form of signposting in deer.
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WALLOWS
Wallows are water-filled depressions that vary in size but are typically one to two metres in
diameter. They are constructed by stags using their front hooves and brow tines, sometimes as a
result of repeated use of a scrape (see below) over time. In Sambar Deer, wallows are usually found
in the middle of dense cover or in the semi-open where ground cover is cleared for a radius about
them. Typically, they are located in drainage lines or in swampy ground or seepage areas.

Photo copyright: Rudi Pleschutschnig

Within a home range of a dominant stag there are usually multiple wallows. Stags use wallows as
a form of sexual display and to assist in scent marking. Wallowing behaviour is thought to be
primarily by adult dominant stags but male calves and spikers may also use the same sites. In
Sambar Deer, wallowing occurs from July through November, prior to casting antlers (Mason
2006). Wallowing behaviour peaks at a stage when stags are typically in hard antler.

Plate 59: Wallows by Sambar deer can be very obvious.
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Prior to wallowing stags usually urinate in the water before rolling in it, allowing their coat to be
covered in urine-infused mud. At the same time they may rub their pre-orbital glands in the mud
surrounding the wallow so that it too becomes infused with scent from secretions. Once coated,
stags may rub their muddy coats on adjacent trees as a form of chemical signposting.

Photo copyright: Andrew Claridge

Where wallowing activity is heavily concentrated there may be changes to local water quality in
terms of sediment loads and the level of contaminants such as fecal indicator bacteria (E. coli) may
be higher than normal (McDowell 2007).

Plate 60: Sambar deer will often urinate in a wallow prior to rolling in it. The purpose of this is
to coat themselves in scented mud, which is then left on surrounding vegetation.
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SCRAPES AND PREACHING TREES
Scrapes are patches of bare soil typically between one and two metres squared in size. They are
spaced at irregular intervals throughout the home range of a stag, and are invariably made at the
base of a tree referred to as a “preaching tree”. The use of a scrape involves a distinct succession of
activity, described in detail in Mason (2006). First, raised on its hind legs, the adult stag rubs its preorbital glands and mud-coated antlers as high into the branches of the preaching tree as possible.
While balanced on its rear legs, the full weight of an adult stag leave deep imprints of widely
splayed cleaves on the scrape. Once the preaching tree is marked, the adult stag paws or scrapes
an earth patch at the base of the tree with its front hooves, forming a series of furrows into which
it subsequently urinates. Sometimes the furrows form a distinctive “v-shape”.
Scrapes are usually formed in the breeding season when stags are in hard antler. Outside of this
period scrapes tend not to be used. Observations in Victoria indicate a hiatus in activity at a scrape
from December through May,
and during this time leaves and
twigs may gather on them
(Mason 2006). Initiation of a new
scrape or reactivation of an old
scrape is typically by the
dominant stag in the local
landscape, in an attempt to
reassert dominance in the
associated male hierarchy. In the
event of the dominant stag
dying either during or between
breeding seasons, another stag
will quickly replace it in forming
scrapes.
Scrapes and preaching trees are
used as a place for social
communication between bucks
and hinds leading into the rut.
Hinds in or approaching oestrus
are attracted to the dominant
stag’s active scrapes and may
also scent mark both the
preaching tree and/or the
scrape.

Photo copyright: Rudi Pleschutschnig

Plate 61: A preaching tree of a Sambar deer buck
in Alpine National Park, Victoria.
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Plate 62: Scrapes often start off as repeat-use areas and are usually close to preaching trees
linked by a game trail.
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GAME TRAILS

Photo copyright: Tony Subbs

Deer often use game trails to move between foraging and bedding areas. Along such trails
vegetation may be trampled or worn, sometimes to bare soil, and deer tracks will be obvious.
Game trails often run close to other signposts left by deer, including scrapes, preaching trees and
wallows.

Plate 63: A game trail left by Sambar deer.
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