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Threatened Flora at Potential Risk from Introduced Deer Impacts across
the Australian Alps

Purpose of Document

The primary purpose of this document is to identify native flora at potentially greatest risk
from introduced deer impacts across the Australian Alps. Here, the limit of the Australian
Alps is geographically defined by the extent of the following conservation reserves: Alpine
National Park, Avon Wilderness Park, Baw Baw National Park, Bimberi Nature Reserve,
Brindabella National Park, Brindabella State Conservation Area, Kosciuszko National Park,
Mount Buffalo National Park, Namadgi National Park, Scabby Range National Park, Snowy
River National Park and Tidbinbilla Nature Reserve.

For this purpose, species of flora listed under the Australian Capital Territory Nature
Conservation Act 2014, Commonwealth Environment Protection and Biodiversity
Conservation Act 1999, New South Wales Threatened Species Conservation Act 1995 and
Victorian Flora and Fauna Guarantee Act 1988 and related Advisory List of Threatened
Flora in Victoria (Department of Environment and Primary Industries 2014) are considered
priorities to examine more closely, based on the fact that their conservation status is already
deemed poor and that they require recovery.

The resultant registers of threatened flora species serve primarily as a guide for highlighting
those entities that should be monitored in the first instance to gather definitive information
about whether deer are present in their habitats and whether they are having any noticeable
impacts. Follow-up monitoring of priority native species is particularly important given the
absence of information about introduced deer impacts within the tenure of interest, let alone
across the broader geographic area of south-eastern mainland Australia. Until such follow-up
monitoring is conducted introduced deer impacts on threatened flora cannot be assumed.

More rigorous attempts have been made elsewhere around the world to develop frameworks
for assessing priorities for research on introduced deer impacts, particularly for flora species
such as in neighbouring New Zealand (e.g. Forsyth et al. 2003a). However, these
sophisticated frameworks are based on a relatively in-depth understanding of the ecology of
introduced deer, including dietary preference studies and vegetation monitoring in areas
subject to deer control or not, as the case may be (Rose and Platt 1987; Stewart et al. 1987,
Husher and Frampton 2005; Husher 2007). With the notable exception of impacts of Rusa
Deer on flora at Royal National Park south of Sydney (Keith and Pellow 2004), and on flora
in rainforest communities in East Gippsland, Victoria (Peel et al. 2005), such in-depth
research has not been undertaken anywhere else in south-eastern mainland Australia.

Background Caveats

In relation to assessing potential impacts of introduced deer on native flora, the following
factors must be considered:

i.  There are currently no databases that would indicate, with reasonable precision, both
the distribution and relative abundance of the different species of introduced deer
across any of the conservation reserves that together make up the Australian Alps. For
example, the Atlas of NSW (Bionet) and Victorian Biodiversity Atlas contain very
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few definitive records of the following deer species across the entire State, let alone
within the geographic area of interest: Fallow Deer, Hog Deer, Red Deer, Rusa Deer
and Sambar Deer;

ii.  Instead, the assumption is made here that introduced deer are near omnipresent across
the Australian Alps. This assumption is based on anecdotal reports of deer from many
conservation reserves by conservation management agency staff. Additionally,
modelling of the preferred climatic range of each of the deer species of interest
indicates they could potentially occur across much of south-eastern mainland
Australia (Forsyth et al. 2003b; Moriarty 2004);

iii.  With few exceptions, and as indicated above, the impact of introduced deer on native
biodiversity in south-eastern mainland Australia is poorly documented. The limited
relevant published research has focussed on impacts of introduced deer on flora in
only a few locations, each of which lies outside of the Australian Alps (e.g. Keith and
Pellow 2004; Peel et al. 2005);

iv.  Relevant literature from outside of Australia indicates that the key issue, regardless of
deer species, is the density of local populations — at sites where deer densities are
high, ecological impacts might be severe, whereas at sites with low deer densities,
ecological impacts may be either negligible or benign. There are currently no
measures of deer density at a landscape scale across the Australian Alps that would
assist in demarcating areas of particular concern.

Identifying Threatened Flora at Potential Risk
Step 1: Threatened Flora Lists for the Australian Alps

The first step in the process for identifying threatened flora at potential risk from introduced
deer impacts involved reviewing threatened species location data reported in the Atlas of
New South Wales (Bionet), the Victorian Biodiversity Atlas and from relevant databases held
by Environment ACT. From this initial analysis a list of threatened flora was generated for
the Australian Alps, together with their conservation status according to respective State or
Territory legislation (Table 1). As can be seen, the vast majority of threatened flora are those
listed as being of conservation concern in the Department of Environment and Primary
Industries Advisory List of Rare of Threatened Plants in Victoria — 2014 (Department of
Environment and Primary Industries 2014). Far fewer species are formally listed as
threatened entities under either of the Australian Capital Territory's Nature Conservation Act
2014, the Commonwealth Environment Protection and Biodiversity Conservation Act 1999,
the New South Wales Threatened Species Conservation Act 1995 or Victorian Flora and
Fauna Guarantee Act 1988.

Resultant summary tables were then generated for the occurrence and number of records of
each threatened flora species against the previously nominated conservation reserves across
the Australian Alps (Table 2). Conservation management staff interested in identifying
threatened flora potentially at risk within their tenure should use Tables 1 and 2 as an initial
‘sieve’, to reduce the total number of threatened flora species reported from across the
Australian Alps that might be considered in their local analysis. High priority species for field
assessment would logically be those that occur within a conservation reserve of interest and
are otherwise formally listed under relevant threatened species legislations.
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Step 2: Attributes of Plants and Deer Impacts

After considering the geographic occurrences of the different threatened flora identified from across the
Australian Alps, the next step is to assess the types of impacts that deer may cause on those species. The
most obvious impact is that of grazing or browsing, since deer are herbivorous. Other impacts include
physical damage to plants through being rubbed, thrashed or trampled (see Bennett and Coulson 2011;
Bilney 2013). Unfortunately, and despite their widespread distribution and sometimes common local
abundance, there have been few dietary studies of deer in Australia. Those of relevance to the current study
include single papers on the diets of Sambar, Red and Rusa Deer (Keith and Pellow 2004; Forsyth and Davis
2011; Roberts et al. 2015). Careful review of these few studies highlights that deer can potentially browse
upon a wide array of plant species from across a diversity of genera (see Table 3). Those genera recorded as
being eaten or otherwise damaged by deer include a fair representation of the genera indicated in the
extensive list of threatened flora from across the Alps. Given the dietary versatility that they display from
these published studies it is reasonable to suspect that deer are capable of impacting on most species, given
exposure.

There is so far no published evidence of browsing or other impacts on any Australian Alps-occuring flora
species formally listed as threatened entities under each of the relevant State, Territory or Commonwealth
legislations. However, there is direct evidence of impact by deer on four plant species known from the Alps
that are considered “rare” according to the Advisory List of Rare or Threatened Plants (Department of
Environment and Primary Industries 2014). A study of the diet of Sambar Deer in Yarra Ranges National
Pak in Victoria by Forsyth and Davis (2011) established evidence of browsing on Blunt-leaf Bitter-pea
Daviesia mimosoides and Alpine Bootlace Bush Pimelia axiflora. Similarly, browsing and rubbing on
Gippsland Hemp Bush (Gynatrix macrophylla) by Sambar Deer was observed in Mitchell River National
Park in East Gippsland by Peel et al. (2005). The authors also noted browsing on Sandly Zieria (Zieria
smithii) by Sambar at the same study site.

Ultimately, deer will have dietary preferences for some plant species over others. This has been clearly
established in other countries where deer have been introduced, such as New Zealand (Forsyth et al. 2003b).
While the factors underlying these feeding preferences remain to be elucidated in detail, aspects of plant leaf
chemistry seemingly play a large role. For example, on the South Island of New Zealand, Forsyth et al.
(2005) examined diet selection by the Red Deer (Cervus elaphus scoticus). Using rumen samples they
looked at the proportion of each plant species being consumed and compared that to the standing biomass of
different plants from a whole series of plots. From this comparison it was clear that some plant species were
being eaten in amounts greater than their proportional availability in the landscape, while other commonly
available species were being under-utilised. The strongest factor in determining whether a plant species was
favoured or not was the concentration of foliar fibre: specifically, acid detergent cellulose, acid-detergent
fibre and acid detergent lignin. Plant species with high foliar fibre were less likely to be utilised than those
with low foliar fibre. This makes sense from a nutritional point of view since foods with high fibre can be
less digestible (Van Soest (1982). It also corroborates the findings of Wardle et al. (2002) who found
elsewhere in New Zealand that the foliage of understorey plant species that declined in abundance following
the introduction and spread of deer into forests contained less fibre than those that had increased in
abundance. Elewhere, foliar fibre has also been shown to be important to plant species selection by
European Roe Deer (Capreolus capreolus) in their native habitat (Tixier et al. 1997).

In an ideal situation, data would exist on the foliar chemistry of each of the threatened flora identified as
occurring across the Australian Alps, particularly information on foliar fibre levels. If it did exist it might be
possible to separate out flora species more likely to being eaten than others. Such data could then be viewed
alongside observations of deer foraging activity in the wild in relation to availability of different plants, like
the studies conducted by Forsyth et al. (2003a) and Forsyth et al. (2005). From such a comparison species
could then be ranked on their susceptibility to being grazed or browsed. On both counts, however, such a
framework does not exist. Instead an assumption must be made here that all threatened flora species from
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across the Alps are variously palatable to deer and can potentially be eaten. This is indicated below by a
score of '1' in Table 5 in the column heading Species likely to be palatable to deer.

Otherwise, different attributes of plants may make them more or less susceptible to being impacted upon by
deer. In Table 4, details are given on the growth form and height at maturity of each species of threatened
flora recorded across the Australian Alps. From this list it is possible to discern a number of things. For
instance, small grasses, herbs, ferns, orchids and shrubs below about 50 cm in height may be more prone to
being trampled by deer than larger plants. Similarly, it is also possible from this table to identify medium-
and large-sized shrubs and trees that are more likely to be rubbed or thrashed by deer. Plant height is also a
good indicator for likelihood of being grazed or browsed, with any plants greater than about 3-4 metres
being to be readily eaten - this doesn't necessarily preclude the same species of plant being eaten when of
smaller stature or during early growth. Either way, the information in Table 4 provides guidance for
identifying further impacts by deer, as discussed immediately below.

Some species are likely to be particularly vulnerable to grazing or browsing, because the plants are small
and herbaceous (e.g. orchids, daisies, etc.) and can be consumed in one bite. Essentially, this depletes the
individual plants’ ability to lay down a store of nutrients for next year’s growth, or alternatively denies the
plants an opportunity to reproduce and recruit. Such species may also occur in very small populations, which
renders them particularly vulnerable to one-off grazing events. These species are indicated in Table 5 by a'l’
under the column heading Species is particularly vulnerable to one-off grazing events.

Taller growing plant 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 other impacts such as antler rubbing which may have the effect of ring-barking in the
sapling or mature stages (see immediately below). Tree and tall shrub species are indicated by a 'l' in Table
5 under the column headed Grazing/browsing effects likely on young plants only.

Other species are likely to be at risk from the habit of antler rubbing by deer, which can result in the ring-
barking and eventual death of stems or the entire plant (Keith and Pellow 2004; Bennett and Coulson 2011).
It is likely that only those plant species which reach a certain stature will be vulnerable to this impact.
Species which reach a height of 2 m or taller, whether they are shrubs or trees, are flagged with a '1' in Table
5 to be at risk from this impact under the heading Species vulnerable to antler rubbing. In the same way,
shrubs and small trees can also be subject to damage by deer when they use their antlers to "thrash" the
vegetation, resulting in broken stems and in severe cases the death of plants. These species are indicated
similarly in Table 5 with a score of '1' in the column headed Species vulnerable to being thrashed by antlers.

Some flora species produce chemical defences in the form of “secondary compounds” (Vourc'h et al. 2002;
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 the regrowth following an initial bout of browsing.
Plants that are known to contain secondary compounds (e.g. the strongly pungent oils found in shrubs and
trees of the families Myrtaceae, Rutaceae, Lamiaceae and conifers, the alkaloids in Solanaceae, or the
poisonous sap in Euphorbiaceae) are indicated in Table 5 with a 'l' under the column heading Secondary
compounds. In any desk-top analysis to derive priorities for identifying potential impacts in the field, it may
be possible to eliminate such species as being less sensitive to browsing, though many of these species are
still likely to be affected by antler rubbing if large enough, and trampling while immature.

Finally, other chemical properties of plants may render them more susceptible to be browsed. For example,
plants in the pea family (Fabaceae), commonly called legumes, are generally particularly palatable because
of the higher level of proteins in their foliage and fruits. This is due to the presence of nitrogen-fixing
bacteria in nodules on their roots (Adams and Attiwill 1984). Survey information from travelling stock
reserves throughout south-eastern mainland Australia 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, NSW Office of Environment and Heritage,
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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 species, and as such fabaceous species are

highlighted with a 'l' in Table 5 as having High nitrogen. Such species might be considered as priority
candidates for field assessments of deer impacts.
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Table 3. Australian plant genera known from dietary studies to be consumed or otherwise impacted upon by
introduced deer.

Plant Genus Evidence of Browsing Evidence of Rubbing/Thrashing

Acacia 1

Adiantum 1

Austrostipa

Banksia

Blechnum

Bossiaea

Brachyscome

Caladenia

Cassinia

Coprosma

Cyperus

Daviesia

Dillwynia

Epacris

Eucalyptus

Euphrasia

Gahnia

Geranium

Glycine

Goodenia

Grevillea

Gynatrix

Hakea

Helichrysum

Hibbertia

Hovea

Juncus

Kunzea

Lachnagrostis

Leptospermum

Leucopogon

Lomandra

Monotoca

Myoporum

Nematolepis

Olearia

Oxalis

Persoonia

Pimelia

Platysace

Poa

Pomaderris

Prostanthera

Pterostylis

Pultenaea

Richea

Senecio

Solanum

Tasmannia

Tetrarrhena

Tetratheca

Viola

[N VY (U VI VRN NN RIS (NI NS NN (U [N NI UG U [FUNIG NI\ U U U, S U, U, U JUIN, U, JUI, U, U, JUNN, U U, JU—, U, U, U, S, U, U, U U, JUNN, JUNN, U, U, N, JUSN, U U, U, JU, U U

Zieria
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Step 3: Likely Impacts Given Habitat Preferences of Threatened Flora

Some threatened flora species may be more likely to be impacted upon because their
distribution in the landscape overlaps with areas preferred as habitat by introduced deer. For
example, across the Victorian Alps Tolsma (2009) and Tolsma et al. (2012) reported
wallowing behaviour by Sambar Deer in bog and mossbed systems. Any threatened flora
species closely associated with bogs or mossbeds are likely to be impacted upon by deer
where wallowing occurs since it results in severe degradation of vegetation and the creation
instead of bare muddy earth. Similarly, in the Yarra Ranges in Victoria, Forsyth et al. (2009)
looked at habitat preferences of Sambar Deer by undertaking faecal pellet counts and
determining the relationship between the abundance of those pellets and various attributes of
the landscape. One of the most important predictors of faecal pellet abundance was distance
to water, with more deer faeces closer to water and fewer at distance from water. If this
pattern is repeated elsewhere across the broader landscape it likely means that threatened
plants growing in riparian and otherwise moist sites are potentially at higher risk than those
growing away from such sites.

For the purposes of the current risk analysis, several expert botanists were independently
consulted and asked to identify threatened plants recorded from the Australian Alps that were
known to favour bog habitats, riparian habitats or otherwise moist sites. Botanists consulted
included Dr Keith McDougall and Genevieve Wright from NSW Office of Environment and
Heritage, Dr David Cheal (independent consultant) and Arn Tolsma from the Victorian
Department of Water, Environment, Land and Planning. Each was asked to consider the list
of threatened flora generated here and identify which plants could be considered to be
strongly associated with either bogs, riparian areas or moist sites. While each botanist
consulted did not have complete knowledge of the full species list, their combined expertise
covered all listed species. Furthermore, there was remarkable congruence in the assignment
of plants to each of the three categories, where appropriate and where knowledge of the plant
species in question was shared: put simply, when a species was categorised as being bog-
dependent, for example, that classification was consistent across botanists that also knew
about the habitat preference of that species. Thus, in Table 6 below, species that are either
“Bog Associated”, “Riparian Associated” or otherwise occur in “Moist Sites” are indicated
with a “1”. Such species may be particularly impacted upon by the wallowing activity of
Sambar Deer and might be candidates for closer assessment and monitoring in the field.

Outside of the association of Sambar Deer with moist areas of the landscape, the habitat
preferences of other species of introduced deer in the Australian Alps are poorly known. At a
general level, however, Fallow Deer are known to occupy open woodland systems or
otherwise occur at the edge of forest and open country (Mulley 2008). In a similar way then,
it may be possible to identify plants in the list of species from across the Australian Alps that
associate with woodlands and/or open habitats. Rather than do that here, conservation
management staff from across the Alps should be able to identify for their area of jurisdiction
such habitats and relate to that to the threatened flora list provided here. Ultimately, building
a picture of deer density across the Australian Alps would prove very useful — a map where
areas of high abundance of the different deer species are illustrated. That could then be
overlayed on to distribution maps for each of the threatened flora in the list, to see where
zones of particular conflict might occur.
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