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Executive summary 

Large herbivores are major determinants of plant community composition, structure and 

dynamics world -wide (Augustine & McNaughton, 1998; Diaz et al., 2007). Deer (family 

Cervidae) including Sambar are amongst uif!xpsmeǃt!nptu!tvddfttgvm!jowbtjwf!nbnnbmt, 

capable of substantial impacts on and major threats to natural ecosystems (Davis et al., 

2015). 

With funding from the Victorian governmentǃt Biodiversity Response Program (BRP), the 

Department of Environment Land Water and Planning (DELWP) partnered with the East 

Gippsland Conservation Management Network (EGCMN), Traditional Owners, major public 

land managers, private landowners and recreational hunting organisations to deliver possibly 

Wjdupsjbǃt!first cross -land tenure, landscape scale deer control project , the Lake Tyers Deer 

Management Trial.  

 

Between 2019 and 2021 EGCMN and DELWP, with project partners, developed and delivered 

this coordinated deer control trial by elevating hunting pressure across a ~38000ha project 

area, centred on the critically endangered Littoral Rainforests of Lake Tyers in East Gippsland, 

Victoria.  

 

Implementing  a Before-After-Control-Impact experimental design, 160 vegetation plots and 80 

IR cameras were utilised to evaluate and test the central hypothesis that coordinated hunting  

as a management intervention, can reduce deer abundance and improve vegetation  condition  

at scale. The project engaged and coordinated over 50 individual recreational hunters, 26 

private landowners and 10 partner organisations, to remove over 1000 deer from the project 

Treatment area.   

 

Unforeseen circumstances , including the corona virus pandemic covid-19, the most 

significant bushfire event in living memory and the end of a severe drought, presented major 

challenges to project delivery. Hunter reporting reluctance was also a significant issue. 

 

Camera trap monitoring data showed a greater reduction in deer relative abundance in the 

Treatment area where hunting pressure was deliberately elevated than in the Reference area 

where it was not. This suggests coordinated hunting is  able to influence deer abundance at 
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scale. However, as this was a non-statistically significant result , observed changes are not 

necessarily solely attribut able to our management intervention.  

Vegetation regeneration declined in areas where coordinated deer control did not occur, but 

remained constant where hunting pressure was elevated, suggesting deer control is able to 

stabilise  and facilitate vegetation regeneration by reducing deer impacts such as browsing 

pressure. 

Many other results were either non-conclusive, counter intuitive or confounding. For example, 

the number of juvenile deer increased, along with the deer damage score, where deer control 

had been undertaken.  

We conclude that our hypothesis is partly supported but requires further refinement and 

testing to provide robust conclusions. We also maintain that the partnership driven cross-

tenure approach taken here is the most likely to deliver successful reductions in landscape 

scale deer impacts and shows long term promise. We also conclude that while the goodwill 

of the recreational hunting community is not to be discounted , coordination of multiple 

landowners and hunters comes at significant cost.   

 

Future projects would benefit from better quantifying the overall recreational hunting effort  

and either an increase in project coordination resourcing and effort or reduction in overall 

project area to aid quantification of the relationship between the management interventions 

and response variables. 

Introduction 

Littoral Rainforests 
 
Littoral Rainforest (Littoral Rainforest ) exists as a series of vegetation communities  classified 

as Warm Temperate Rainforest, which are composed predominately of tropically derived 

species (Peel, 2007).  On the east coast of Australia  Littoral Rainforest presents as a complex 

of rainforest and coastal vine thickets , found from the Gippsland Lakes in Victoria at the 

southern extent of its distribution  to Cape York Peninsula in Queensland to the north.  

 

Typically, the ecological community occurs within two kilometres of the coast or adjacent to 

a large saltwater body, such as an estuary. Littoral Rainforest  is dist inct from other similar 

vegetation types (coastal warm temperate rainforest) due to the disproportionate influence 
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exerted on it by coastal /ocean  processes. It is naturally distributed as a series of disjunct and 

localised stands , occurring on a diverse range of landforms and as a result, the ecological 

community is not associated with a particular soil type  (Threatened Species Scientific 

Committee, 2008).  

 

 

Littoral Rainforest  is defined largely by its habitat characteristics , expressed in terms of 

structure, floristic composition and ecology and the influence of coastal processes , including 

salt-laden air, saline water tables and occasional inundation brought about by the 

dpnnvojuzǃt!coastal proximity (Threatened Species Scientific Committee, 2008). 

Conservation status  
 
ǂMjuupsbm!Sbjogpsftu!boe!Dpbtubm!Wjof!Uijdlfut!pg!Fbtufso!Bvtusbmjbǃ!xbt!mjtufe!bt!ǂDsjujdbmmz!

Foebohfsfeǃ!voefs!uif!Environmental Protection Biodiversity Conservation Act (EPBC) in 

2008. The ǂDsjujdbmmz!Foebohfsfeǃ!status indicates that the community is  at high risk of 

extinction . This is due both to its naturally restricted distributionƿand its significantly reduced 

abundance since European colonisation , primarily due to extensive clearing, coastal 

development and subsequent weed invasion, recreational disturbance, grazing, fire, 

exacerbated natural disturbance, climate change and increasingly, animal browsing  by exotic 

herbivores.  

Littoral Rainforest provides habitat for over 70 threatened species and provides an important 

buffer to coastal erosion and wind damage (Department of the Environment and Energy, 

2019). The Littoral Rainforest and Coastal Vine Thickets of Eastern Australia ecological 

community currently has no official conservation status or listing withi n Victoria. The most 

FIGURE 1: LITTORAL RAINFOREST, EAST GIPPSLAND. IMAGE T. CROOK 
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closely related Ecological Vegetation Class (EVC), EVC 4: Coastal Vine-rich Forest, has a 

cjpsfhjpobm! dpotfswbujpo! tubuvt! pg! ǂWvmofsbcmfǃ! xjuijo! Wjdupsjb (Ethos, 2021). 

 

Geographic scope and regional context 
 

Littoral Rainforest in Victoria is entirely confined to  East Gippsland, where the known extent 

of the community occurs from the Nicholson River in the west to Mallacoota Inlet  in the east. 

It exists as scattered clusters of stands along the East Gippsland coast , often form ing 

mosaics, or transitions into other rainforest communities  and vegetation types (Keith, 2004). 

Within its known Victorian distribution , Littoral Rainforestǃt main aggregations occur around 

the Gippsland Lakes, Ewing Morass, the lower Snowy and Brodribb estuaries, Marlo, Cape 

Conran, areas of the Croajingalong National Park between Wingan Inlet and Mallacoota, the 

lower Genoa River, and Mallacoota Inlet. The highest concentration  of known individual stands 

are found in the east of its  distribution around Lake Tyers. 

Prior to the 2019-20 bushfires, the eastern coastline of East Gippsland provided a relatively 

undisturbed landscape for this highly specialised vegetation community, compared to the 

western extent of its distribution , where it predominantly occurs close to towns  and developed 

land and was generally found in a more modified and degraded state. Only a small number of 

Littoral Rainforest stands in East Gippsland are now relatively undisturbed, either through 

human disturbance or extensive severe wildfire (Ethos, 2021), with most of this now occurring 

at Lake Tyers. 
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The impacts of Sambar deer on Littoral 

Rainforest 

Introduced herbivores can prevent the 

establishment of seedlings, open up the 

understorey and create gaps in vegetation, facilitate 

weed invasion and alter community composition 

and vegetation structure (Taylor et al., 2011).  

Introduced deer pose a significant th reat to the 

Littoral Rainforest and Coastal Vine Thickets of 

Eastern Australia ecological community  

(Commonwealth of Australia, 2016) .  

The impacts of their browsing and rubbing habits, particularly on native vine and canopy 

species, has been shown to dramatically alter the structure and composition of Littoral 

Rainforest sites (Ethos NRM, 2014).  

Deer modify understory vegetation by severely 

defoliating plants and snapping stems to access 

new shoots. Deer also ringbark rainforest and 

other canopy trees, altering light regimes, canopy 

health and ecosystem function.  

 

Introduced deer act as a vector for pest plants, 

transporting them into and within existing sites. 

Localised disturbance from habitual trails and 

tracks, particularly along steep slopes, and 

wallows in wetter areas, create areas of ground 

disturbance, increase the risk to soil erosion and 

loss, and the potential for the establishment of 

pest plants within the community.  

 

 
 

FIGURE 2: YOUNG ΨSPIKERΩ MALE SAMBAR DEER 

FIGURE 3: ANTLER RING-BARKING BY SAMBAR DEER 
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Tracks, scats, browsing impacts, rubbing causing tree mortality and wallows have all been 

observed. From available data, and information from local sources, it is likely the majority of 

this damage has been caused by the presence or use of rainforest sites by Sambar deer, 

Cervus unicolor, (Ethos, 2021). 

The proportion of sites impacted by 

introduced deer has increased from 

approximately 55% in 2013 (Ethos NRM, 

2014) to over 75% recorded in this 

assessment. 

 

Anecdotal evidence (Crook, 2021) 

suggests that, in Littoral Rainforest stands 

east of Lake Bunga, deer have become a 

greater threat than weed invasion. 

 

Previous control work in Littoral Rainforest 
 
Littoral Rainforest has had significant 

investment through federal and state sources 

over the last 10 years (>$750,000).  

 

This funding has delivered extent and threat 

mapping across all known Littoral Rainforest 

sites in Victoria, weed control works at over 

50% of known sites and significant work 

developing stand condition assessment tools.  

DELWP, along with key partners including the 

East Gippsland Rainforest Conservation 

Management Network (EGRCMN), Traditional 

Owner groups, Trust for Nature (TFN) and Parks Victoria (PV) have undertaken the significant 

task of mapping the extent of Littoral Rainforest  stands, weed occurrences and pest animal 

FIGURE 4: DEER WALLOW AND RESULTANT SOIL DISTURBANCE 

FIGURE 5: SAMBAR DEER IN EAST GIPPSLAND 
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threats. These groups have engaged many members of the East Gippsland community in the 

protection and rehabilitation of this asset  (Ethos, 2021).  

 

 

 

Significant participation by Traditional Owners  has 

occurred, with both GLaWAC and Moogji 

Aboriginal Council undertaking site remediation 

and monitoring activities. GLaWACǃt! ǂXipmf! pg!

Country Pmboǃ!boe!uif!ǂMblf!Uzfst!Nbobhfnfou!

Pmboǃ! )3129*! bsujdvmbues Traditional Owner 

aspirations to care for Country, including the active 

control of deer to protect impacts on rainforests 

and other cultural values.  

 

There has also been some Victorian state 

investment through grants from Coastcare and 

Landcare with significant community engagement 

utilised to revegetate Littoral Rainforest  stands.  

 

The Threatened Species Protection Initiative 

funded DELWP and EGRCMN to construct deer 

exclusion fences, develop preliminary methods to 

assess deer occupancy rates and changes in 

stand vegetation structure and composition.  

 

 
 

FIGURE 6: SAMBAR DEER DAMAGE 
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A survey of local residents about the presence and impacts associated with Sambar deer was 

conducted by EGRCMN in 2017. A majority of the 208 respondents reported having 

fyqfsjfodfe!tpnf!ǂofhbujwf!jnqbdutǃ!gspn!Sambar deer and feeling that ǂtpnf!dpouspmǃ!xbt 

warranted. Locals reported deer as a driver of native vegetation condition decline, especially 

rainforests, and negative impacts on agricultural production via direct competition with 

domestic stock for pasture resources, damage to farm infrastructure suc h as fences, 

waterpoints and animal health. Road safety was also an area of growing concern.    

 

A deer forum, organised by EGRCMN was held in Bairnsdale with major stakeholders in 2018, 

with over 100 attendees. It was largely agreed that a pathway to effective deer population 

management was required and a coordinated control trial  warranted.  

 

 

 

 

 

FIGURE 7: SAMBAR DEER  SOIL DISTURBANCE L & PATHWAY R 
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Project aims, rationale and scope 
 

The aim of the Lake Tyers Deer Management Trial (the project) was to develop and deliver a 

partnership-based deer control trial to reduce deer relative abundance and evaluate the 

effectiveness of coordinated hunting as a management intervention to improve Littoral 

Rainforest condition.  

 

The project also aimed to provide a foundation to assis t on-going management of deer 

impacts at a landscape scale by bringing private landholders, Traditional Owners, public land 

managers and community groups together to build partnerships and a common 

understanding of the need for and methods to deliver deer control.  

 

It was understood by project designers uibu!ǆtippujoh!dbo!cf!b!ivnbof!nfuipe!pg!sfnpwjoh!

feral deer when it is carried out by experienced, skilled shooters; the animal can be clearly 

seen and is within range; and, the correct firearm, ammunition and shot placement is used/Ǉ!

(Sharp, 2012). 

  

The purpose of the Lake Tyers Deer Management Trial was to deliver deer control across 

public and private land in the Lake Tyers area, to lessen deer impacts . The aim was to identify, 

test and monitor land management practices that support effective deer management in the 

Lake Tyers area.   

An additional focus of the project was establishing control methods  on private property, where 

resources are more concentrated (pasture, water) and deer are known to congregate. 

Landowners and public land managers were linked with skilled registered hunters to 

undertake deer management activities in a coordinated, regulated and systematic way. 
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The project aided with administrative  processes that directed recreational and other hunting 

efforts to target deer around high conservation value areas. The aim was to better integrate 

the goodwill of the hunting community and maximise the potential effectiveness of their 

contribution toward coordinated landscape level deer population control.  

The project trial involved key stakeholder groups from Gurnaikurnai Land and Waters 

Aboriginal Corporation (GLaWAC), DELWP, landowners, Parks Victoria, Landcare, VicForests, 

the Game Management Authority (GMA) and recreational hunting groups, including the 

Australian Deer Association (ADA) and the Sporting Shooters Association of Australia (SSAA). 

 

Common understandings across stakeholder groups:  

¶ Deer cause negative impacts to crops, soils, native vegetation (including threatened 

species), water qualityƿand are a known disease vector. Deer deplete and degrade the 

aesthetic values of the natural environment.  Deer cause vehicle collisions . 

¶ Very little has been tried to manage deer, apart from sporadic hunting on farms and in 

state forest-!xjui!tpnf!jtpmbufe!ǂbttfu!cbtfeǃ!qsptection undertaken on private land 

and within the Parks estate. To date, deer control activities have not occurred in a 

coordinated way across all land tenures.  

¶ Minimal management and control actions have been previously undertaken within the 

trial area. Currently around 1/3 of the project area is open to recreational hunting but 

FIGURE 8: UNDERSTORY VEGETATION MODIFIED BY SAMBAR DEER, LAKE TYERS 
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this has not been done in a coordinated way. There has been no monitoring to evaluate  

effort or outcomesƿand deer impacts continue to rise.  

¶ Deer currently have no biological control. Control measures need to be trialled. The 

multi -tenure approach taken by this trial project , is the only option existing currently to 

reduce deer impacts .  

¶ Carcass removal is a major concern to locals . (The trial encouraged the use of deer 

related products including the meat, hide and antlers to the greatest extent possible. 

Where carcass removal was not possible, burial facilities were established with best 

practise guidelines followed .) 

¶ No single person or group can manage the threats posed by deer. This inherently 

requires coordinated action between land managers, land tenures and stakeholders.  

¶ Deer are a complex land management issue that requires complex solutions.  

Project location - Lake Tyers  
 

The Gunaikurnai Whole of Country Plan developed by Gunaikurnai Land and Waters Aboriginal 

Corporation (GLaWAC) in 2015 sets out the management priorities for Lake Tyers State Park.  

Lake Tyers is located on the Country of the Krauatungalung clan. As part of a Regional 

Settlement Agreement, Lake Tyers State Park was granted to the Gunaikurnai people as part 

of Aboriginal Title by the Victorian government. The Park is now managed under a Joint 

Management Agreement by Gunaikurnai Traditional Owners, with the Victorian government 

under the National Parks Act.  

 

Lake Tyers State Park is 10072 ha in size, or 25% of the total project area. The Park consists 

of densely forested, undulating country that surrounds two tidal estuaries, the Toorloo  Arm 

and the Nowa Nowa Arm, as well as a narrow spit of land between the Lake and Bass Strait.  

The Park borders substantial areas of private land on the western side of the Nowa Nowa Arm, 

including the Lake Tyers Aboriginal Reserve which is owned by the Lake Tyers Aboriginal 

Trust. The western and eastern boundaries of the Park border state forest . 

 

The Park estate holds a majority of the rainforests which occur in the Lake Tyers area and 

continues to provide an abundance of suitable habitat for Sambar deer, whose presence and 

impacts have become increasingly evident in recent years.  
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Historically , little coordinated deer control has been undertaken within the Park extent . Several 

attempts have previously been made to control deer numbers in the south-east section of the 

Park around Trident Arm, to protect rainforest values (TFN, 2018) but operational constraints 

rendered these attempts largely ineffective . 

While evidence suggests the Park is hunted illegally, this appears to be largely confined to the 

road network and occurs sporadically. The extent of this activity is understood to have had no 

material effect on deer numbers. 

 

FIGURE 9: JOINT MANAGED PARK AND BROADER PROJECT AREA AT LAKE TYERS 

 

A Partnership based approach 

This project deliberately brought together various groups and stakeholders from across the 

ideological spectrum . This was an attempt to work more effectively to evaluate and provide 

solutions to the increasing problem of introduced deer. Natural resources and environmental 

values are often viewed differently by various stakeholders. It was the firm belief of project 

managers that a cooperative approach to land management would provide the best possible 

opportunity to deliver effective  long-term solutions . 
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Key Stakeholders engagement and involvement                                                                  
 

Key stakeholders identified , approached and involved in the project include: Traditional Owner 

group, the Gunaikurnai Land and Waters Aboriginal Corporation (GLaWAC), government land 

management agencies, in particular Parks Victoria, local community environment groups 

including the regionǃs two Landcare Networks and several area-based Landcare groups, peak 

recreational hunting organisation s the Australian Deer Association (ADA) and Victorian 

Sporting Shooters Association Australia (SSAA), private landowners within the project area 

and individual volunteers willing to participate in the project . 

 

Traditional Owners 
 
The project area is subject to Native Title 

determination of the areas as the lands of the 

GunaiKurnai Traditional Owners, who control 

the sfhjpoǃt pomz! ǂRegistered Aboriginal 

Partyǃ, (GLaWAC).  

Input from  GLaWAC was sought during the 

projectǃt development. This partnership had 

been actively cultivated through delivery of 

various projects with EGCMN over several 

years. 

GLaWAC has consistently expressed 

concern around the impacts on vegetation 

and other values caused by deer. GLaWAC 

participated in various deer monitoring  

 activities, mainly facilitated by the EGCMN,  

from around 2015. 

EGCMN engaged with GLaWAC to develop an understanding of how cultural values are 

impacted by deer, local Custodiansǃ interactions and processes in relation to deer impacts, 

and prevailing First Nations attitudes toward introduced deer and their management. 

FIGURE 10: GUNAIKURNAI ON-COUNTRY TEAM 
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In this project GLaWACǃt!nbjo!spmf!was as a land manager. GLaWAC actively participated in 

the impacts assessments and monitoring activities delivered by the project over several years.  

Moogji Aboriginal Council  also played an important role throughout the project. As well as 

providing land manager consent they informed the project on how deer were impacting on 

cultural values, reinforcing the need for control measures.  

Both groups played a key role in camera monitoring deployment which aided in building 

capacity within their organisations to plan, deliver and be an active part in future deer control. 

See appendix A- Joint Management Ranger Report on Sambar Deer in Lake Tyers State Park. 

 

Recreational hunting organisations 
 

Recreational hunting organisations  were approached via their respective national and state 

coordinator s. Several meetings were held, including with local branch members to establish 

their capacity to assist with ongoing project delivery. 

 

Australian Deer Association 
 

The Australian Deer Association (ADA) formed an important part of this partnership driven 

project.  ADA proved willing to provide adviceƿand liaise with and organise hunters. ADA has 

been actively involved in deer management over many years, having participated in various 

effs!dpouspm!bdujwjujft!mfbe!cz!Qbslt!Wjdupsjb!jo!uif!Xjmtpotǃt!Qspnpoupsz!boe!Bmqjof!Obujpobm!

Parks, amongst others. 

Contact was initially made with the organisation via their national executive , which made 

suggestions on the nature of communications with hunters . ADA then facilitated contact with 

their local East Gippsland branch. 

The project team presented to an East Gippsland ADA committee meeting early in 2019, to 

discuss their potential  involvement and support, which was subsequently forthcoming and 

has been on-going. 

ADAǃt! Fbtu! Hjqqtmboe! csbodi! ibwf! b!long-standing commitment to assisting with 

ǂdpotfswbujpo!ivoujohǃ!boe!was a key partner in the formation of the ǂEffs!Nbobhfnfou!Hspvqǃ!

(DMG) established by the East Gippsland Rainforest Conservation Management Network and 

Trust For Nature in the mid-2000ǃt/!BEB-!bt!xfmm!bt!qspwjejoh!mjolt!xjui!mpdbm!ivoufst, greatly 

assisted the program by providing an avenue for hunter accreditation (see below).  
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The main aims of the Deer Management Group (Mills, pers comms, 2018): 

¶ Legally and ethically cull deer in order to protect biodiversity assets . Deer removal is 

aimed at a level that reduces the impact and reverses deer damage to reinstate 

ecological function and processes  ƿ allowing the vegetation quality to return to its 

former condition .  

¶ Create a trustworthy and highly skilled group that can operate on Trust for Nature 

covenants as required. 

¶ Break down barriers between historically opposed groups, perceived and real (hunters 

& conservationists) . 

Sporting Shooters Association Australia  
 
SSAA has been actively engaged in the pest and problem 

animal space for many years, having successfully delivered 

pest control programs in collaboration with state 

government agencies in Victorian and South Australian 

National Parks. In 2007 SSAA Victoria signed a 

Memorandum of Understanding with Parks Victoria (the 

Conservation and Pest Management Program) to assist with the management of pest animals 

on state-owned land.  

SSAA also have a long-tuboejoh!dpouspm!qsphsbn!dbmmfe!ǂGbsnfs!bttjtuǃ!xifsfcz!ivoufst!xip!

have gained accreditation are paired with landowners/farmer s requiring assistance with pest 

or problem species.  

Within the SSAA, Conservation & Wildlife Management (CWM) branches aim to assist in the 

conservation of native animals and the management or eradication of feral species in a 

coordinated manner. 

In order to participate in CWM branches, certain skills must be demonstrated. An accreditation 

program consist s of map reading, navigation, firearm safety and handling, shooting accuracy, 

wildlife appreciation and management, living in the field  and ethical hunting. First-aid courses 

must also be passed. 
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Accreditation 
 

The facilitation of pest control works 

involving volunteer hunters and private 

landowners can be challenging, with 

landowners often reluctant to allow hunter s, 

xip!uifz!pgufo!epoǃu!know, onto their land to 

hunt with high powered firearms.  

In order to provide a level of assurance to 

landowners, where access to private land 

was involved, only accredited hunters were 

allowed to participate  in the project. This 

ensured benefits such as insurance for participating hunters and, to the greatest extent 

possible, that hunting was conducted in an ethical and safe manner.  

ADA and SSAA proved to be invaluable to the project . They were able to coordinate the 

accreditation process for hunters. They provided standard operating procedures and assisted 

with the implementation of hunting activities. An agreed framework for hunting activities 

meant increased hunting safety and aided in community confidence in, and understanding of 

hunter professionalism.  

Other standard operating procedures were also utilised to ensure safe and ethical hunting, 

such as Usvez!Tibsqǃt-!3123!Ground shooting of feral deer, Standard Operating Procedure.  

 

Community engagement 
 

A communications plan was developed and used to guide public outreach . Multiple media 

representations were made in local newspapers (Bairnsdale Advertiser, Lakes Post and Snowy 

River Mail) and on local radio and regional television. The project was detailed and discussed, 

including the need and rationale for deer control  and requests for hunters to participate in the 

project and ǂcf!b!qbsu!pg!uif!tpmvujpoǃ/ 

The Far East Victorian Landcare Network (FEVL) based in Orbost, was engaged and funded to 

assist with local outreach activities. The Wairewa community was identified in the projectǃt 

first hunting season as a good place to commence control activities due to the community 

file:///C:/Users/tomcr/Documents/Documents/GPCMN/EGCMN/ACTIVE%20PROJECTS/BOA%20DEER%202018_2021/Reporting/Ground%20shooting%20of%20feral%20deer,%20standard%20Operating%20Procedure
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experiencing a range of negative impacts from deer and having expressed a willingness to be 

ǂepjoh!somethingǃ!bcpvu!the problem. 

Community organisations such as FEVL were utilised in the early stages of the project to 

facilitate engagement with land -

owners known to be experiencing 

problems with deer.  

These community meetings 

proved highly valuable in 

providing an entry point into the 

project. The forums explained the 

overall project rationale, 

answered community questions  

and allowed landownert! up! ǂtjho!

vqǃ/ 

During community meetings, large format printed maps were used to share information about 

mboepxofstǃ! wjfxt! boe! fobcmf! pqfo! dpowfstbujpot! bcpvu!what could occur, including 

opportunities for collaboration and coordination of control activities  between properties. 

Community hall meetings and barbeques also proved useful as a mechanism to demystify 

some of the control techniques employed by experienced hunters, such as the use of 

hounds/dog s. Hunters and their dogs were able to meet with community members who were 

open to deer control, but concerned about some of the techniques available. Community 

concerns were effectively allayed. 

A cross land tenure approach 

It is now commonly recognised that pest control activities , for example fox management , need 

up!pqfsbuf!po!ǂcpui!tjeft!pg!uif!gfodfǃ!jg!uifz!bsf!up!cf!effective . A cross land tenure approach 

formed a central tenet of this projectǃs work. 

Private land deer control 
 

Almost 9000 hectares of private land occurs within the project Treatment area (23%) and was 

concentrated in the central and eastern sections of the overall site (see Fig. 10 below). 

FIGURE 11: COMMUNITY PLANNING MEETING IN WAIREWA, 2019 
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FIGURE 12: PRIVATE LAND WITHIN THE DEER CONTROL TARGET AREA 

 

Private land was central to this multi -tenure project and presented both challenges and 

opportunities for deer control , relative to other land tenures.  

Unlike the public land estate, each parcel of private land is subject to an individual set of 

circumstancesƿactivities able to occ ur on private land are ultimately controlled by the will of 

individual landowners. Approaches to landowners and negotiations around project 

involvement were found to be time consuming and demanding in terms of resourcing and later 

coordination.  

Landowner mailout 
 

In 2020 a mailout to all private land address points with in the project area was conducted, in 

order to solicit project involvement from private landowners (see Appendix B). 

A total of 45 responses were received from around 300 letters sent (15%). Each responding 

landowner was subsequently contacted by phone or email to arrange a discussion about 

engagement with the project  and provided with project information sheets (See Appendix C). 
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Landowner responses and willingness to participate varied widely. Responses ranged from 

landowners already conducting their own deer control activities and not requiring assistance, 

to those requesting assistance and seeking additional help to manage deer impacts  on their 

land. 

Landowners conducting their own control activities were asked to provide estimates of the 

time taken conducting control activities and any return for their efforts (numbers of deer  and 

time taken). They were provided with datasheets and other means to do so. 

Landowners requesting deer control assistance or a willingness to participate in the project 

were introduced to hunters from either ADA or SSAA, with an initial site inspection and 

introductory meeting arranged.  

Several properties were, upon inspection with hunters , found to be impractical or deemed to 

be unsafe to proceed with deer control activities. This was due to the topography of the 

property or commonly , proximity to neighbours.  

 

/ƻƳƳŜǊŎƛŀƭ ǳǘƛƭƛǎŀǘƛƻƴ ƻŦ ǘƘŜ ŘŜŜǊ ΨǊŜǎƻǳǊŎŜΩ 
 

New regulbujpot!opx!qfsnju!ǂdpnnfsdjbm!ibswftuǃ!boe!tbmf!pg!effs!nfbu!gspn!qsjwbuf (and 

public) land. Commercial deer operations are able to assist in reducing deer numbers/impacts 

by paying private landowners by the kilo for deer removed from their land.  

A partnership was developed with several commercial operators to explore the potential  of 

commercial harvest of introduced shot deer on private land and the public/ private interface. 

These kinds of partnerships have anecdotally been successful in other areas (Bindi Station 

for example) at reducing deer numbers and their associated impacts on agricultural 

production.  

Various attempt s were made to deploy commercial hunting activities within the project area , 

to complement and aid control efforts . Unfortunately, these activities were limited in their 

deployment due to Covid-19 restrictions, changes in market forces and state regulation , 

preventing them from being used to any significant extent.    
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State forest hunting 
 

The areas of state forest  within the project footprint comprise around 17,000 HA or around 

40% of the total (see Figure 13). Hunting is already largely permitted , with some level of 

recreational hunting known to occur. These areas were divided joup!ǂivou!tfdupstǃ!(See Figure 

14) in order to coordinate the hunting effort and provide a mechanism to ensure hunters were 

spatially separated to the greatest extent possible as a safety precaution . 

A calendar was used to keep track of huntersǃ location and intended times of operation . This 

proved effective initially , but later lost utility as hunting became more sporadic and dispersed 

as Covid-19 restrictions came into force  and intensified. 

The tqbujbm!ebubtfu!ǂIvou36ǃ!xas used by the project to provide detailed information to existing 

and prospective hunters as to which sections of the landscape within the broader project area 

xfsf!ǂpqfoǃ!gps!ivoujoh (See Figure 13 below). 

 

The provision of this ǂivoujoh!mbzfsǃ!xjuijo!uif!state gpwfsonfou!ǂNpsf!up!Fyqmpsfǃ!npcjmf!

phone application was also promoted to hunters as a way to ensure areas being hunted were 

both legal and permitted.  

FIGURE 13: STATE FOREST APPROVED FOR DEER HUNTING 
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Hunting in state forest  within the project area was promoted throughout the duration of the 

project. Around 100 individual hunters made contact with project staff and expressed a 

willingness to be involved. Many of these people were provided with additional information on 

project aims, and ways they could participate . Around half (50) subsequently received detailed 

information  to increase hunting success. This included maps tailored to their specific area of 

interest, and deer presence data arising from our monitoring activities .  

All hunters wishing to participate in hunting state forest  areas as part of the project  were 

provided with data sheets to report any hunting activity undertaken within the project area. 

 

FIGURE 14: THE PROJECT CONTROL AREA'S 'HUNT SECTORS' 

Several areas of state forest  were also targeted by SSAA and ADA members, using a variety 

of hunting methods throughout the duration of the project.  

Significantly , state forest  areas are open to industrial forestry activities which alter forest 

structure in a way that facilitates hunting in the short term (several years ). VicForests, the 

state-owned logging agency, was contacted in relation to deer damage in areas recently 

subject to forestry activity . These areas were identified using data download from the 

Wjdupsjbo! Hpwfsonfouǃt! ǂSpatial Datamart Victoriaǃ! jo! uif! gpsn! pg! mphhjoh! ijtupsz! mbzfs!

https://services.land.vic.gov.au/SpatialDatamart
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(LASTLOG25). This spatial information on areas recently logged, xbt!uifo!ǂdmjqqfeǃ using 

ARCGIS to the project area and used to create maps. These maps were provided to interested 

hunters as a way to elevate hunting success. 

 

Hunting in the State Park 
 

The Lake Tyers joint managed state park comprises around one third or 10,000HA of the 

overall project Treatment area (Fig 13).  

The project team met Traditional Owner and Parks Victoria representatives early on in the 

qspkfdu!boe!ofhpujbufe!ǂjo!qsjodjqmf!bhsffnfouǃ!up facilitate hunting operations within the Lake 

Tyers Joint Managed Parks Estate (see Figure 15). This is an area where deer hunting is 

otherwise not allowed.  

 

FIGURE 15: JOINT MANAGED PARK WITHIN THE PROJECT TREATMENT AREA 
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Monitoring 

A monitoring protocol was initially developed in consultation with deer research specialists  in 

2018. This protocol was further refined at project inception to meet project requirements  to 

provide initial baseline data in the projectǃt first year for deer relative abundance and 

vegetation condition . Variables were later re-monitored  in the projectǃs final year to evaluate 

change.  

The following provides a summary of the monitoring rationale and methods used, with text 

and references* taken directly from Davis, 2018. A full description and rationale (methods, 

equipment lists and field protocol  etc.) is provided as Appendix D to this report .  

Monitoring considerations 
 

The selection of an appropriate experimental approach to assess the effectiveness o f deer 

control in reducing deer impacts was influenced by the following considerations:  

1. There are limited areas in the region with similar vegetation types and condition, 

landscape attributes and levels of disturbance that are spatially independent and can 

be used as a Reference area. 

2. Ground-shooting commence d in autumn 2019, with funding approval.  

3. Resources available for monitoring were limited.  

 

Management contrasts: before-after/control-impact design  
 

The effectiveness of management interventions can be assessed when different inte rventions 

are compared (Lindenmayer and Likens 2010*). Given Consideration 3, a manipulative 

experimental approach could not be implemented. Therefore, a comparative approach was 

used: comparison of vegetation between a location where deer were controlled using ground-

shooting (Treatment site) with a location where deer were not controlled (Reference site) (see 

Figure 16, below).  



28 
 

 

FIGURE 16: EXPERIMENTAL SITES AND SAMPLING UNITS 

 

The design provided a framework to test for deer impacts on vegetation and assess the 

potential for ground -shooting to reduce impacts and allow vegetation recovery, either through 

a reduction in the deer population or behavioural responses to shooting (Bennett et al., 2015b).  

Given considerations 1 and 3, there was only one Treatment and one Reference site. Two 

experimental sampling units w ere nested within each of these sites (Figure 16). This design 

provided within-site spatial replication. Restriction of the spatial spread of sampling to the 

experimental sampling units, rather than across each site, ensured that the project  was 

logistically feasible.   

Given Consideration 2, it was qpttjcmf!up!dpmmfdu!ebub!ǂcfgpsfǃ!effs!dpouspm/!Uifsfgpsf-!b!before-

after/control -impact design was used. This design was intended to quantify effects of deer 

dpouspm!uispvhi!dpnqbsjtpo!pg!sftqpotf!wbsjbcmft!nfbtvsfe!bu!b!ǂUsfbunfou!tjufǃ-!xjui!

nfbtvsfnfout!gspn!bo!vonbojqvmbufe!ǂSfgfsfodf!tjufǃ, before and after commencement of 

deer control (Morrison et al., 2008).   
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FIGURE 17: DIAGRAM OF EXPERIMENTAL DESIGN 

The above diagram of experimental design shows comparisons of data collected using 

vegetation plots and camera traps between sites subjected to contrasting management 

interventions (one Treatment site with ground -shooting for deer control, and one Reference 

site with no ground-shooting for deer control) . These sites were predicted to result in a 

contrast in the relative abundance of deer. Sampling was conducted in two replicate 

experimental sampling units at each site: with camera sampling spatially randomised across 

each experimental sampling unit  and subsequent years of monitoring constitut ing ǂbgufsǃ!

sampling. 

 

Site selection and allocation of Treatments 
 

The lack of replication at the site scale reduces confidence in separating Treatment effects 

from confounding factors unrelated to deer control (Morrison et al., 2008). Therefore, it is 

important to match the Reference site to the Treatment site to reduce variability between the 

sites (Morrison et al., 2008). Specifically, it was recommended that the Reference and 

Treatment sites that constitute the study area would: 

1. be of similar size; 

Key 
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2. have similar vegetation (types and condition) and landscape features (in particular, 

hydrology, given relatively high deer densities observed in riparian zones in the 

study area);  

3. have similar deer densities and levels of deer impact; and 

4. have similar land tenure and level of disturbance. 

a. Recreational hunting occurs throughout the Lake Tyers area where 

permissible. Ewing Morass Wildlife Reserve is a game reserve and 

excluded from the study area because hunting patterns differ from the 

surrounding areas; hog deer hunting levels are relatively great, whereas 

Sambar hunting is not allowed. Recreational hunting levels are elevated in 

uif!ǂCffijwfǃ!bsfb!dpnqbsfe!up!puifs!qbsut!pg!uif!Mblf!Uzfst!bsfb-!ifodf!

this area was excluded from the Treatment and Reference sites. 

b. There is little difference in the management of the State Park and 

Conservation Recreation Zones, so both were sampled. 

c. The tenure of surrounding land was also important. Similar representation 

of farmland with respect to area and p erimeter was important, as deer had 

been observed in relatively high densities on farmland-forest ecotones, and 

farmers in the area may not have allowed recreational hunting but did 

undertake deer control on their properties. 

d. Fire history in the area is variable and was considered, in particular, a 

wildfire covering ~1000 ha occurred at Tosteree in 2014.  

 

Importantly  the Treatment and Reference sites are spatially independent, so that the 

abundance and impacts of deer at the Reference were not influenced by ground-shooting at 

the Treatment site. Information on Sambar deer home range sizes in Australia is lacking, but 

information for other deer species in other locations suggests that home ranges are generally 

>50 ha, and commonly hundreds of hectares in size (Nugent 1994, Moriarty 2004, Spaggiari 

and de Garine-Wichatitsky 2006, Odden and Wegge 2007, Amos et al., 2014, Davis, 2018).  

Observations by local land managers suggested that deer in the Lake Tyers area move many 

kilometres when food is scarce (B. Mills, Trust for Nature 2018, pers. comm.). In the Alpine 

National Park deer control trial, experimental sampling units were separated by only 2 km in 

places, although deer movement may be hindered by steep terrain in that environment (Davis 

et al., 2015). Ideally, experimental sampling units are separated by much greater distances 

(e.g., >10 km; Simard et al., 2013), with a potential trade-off between achieving spatial 

independence and ensuring site attributes are similar. 
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Two landscape-scale (>10,000 ha) sites were selected in the vicinity of Lake Tyers. One is the 

broader area surrounding Lake Tyers (c. 38,918 ha) and the other is to the east of Lake Tyers 

(c. 20,231 ha) (See Figure 17).  

Nested within each of the two landscape -scale sites are two experimental samp ling units (i.e., 

gpvs!ǂVojutǃ!jo!upubm). At the Treatment site, Unit A (1,246HA) is located in the West of the site, 

and Unit B (1,256 ha) is located in the South East of the site (Figure 2). Unit C (1,237 ha) is in 

the North East of the Reference site and Unit D (1,251HA) is in the South of the Reference site 

(See Figure 17).  

The two sites are separated by a minimum of 5.5 km. These two sites were considered the 

best match available with respect to criteria 1ƿ4. Both contain large areas of public land in 

which sampling could be focussed, with similar landscape and vegetation attributes. Although 

the site to the east is smaller and has considerably less rainforest , both sites are large enough 

to examine landscape-scale changes and impacts within rainforest and other vegetation 

communities.  

The deer density at the Treatment and Reference sites was unknown, but thought to be similar. 

The broader area surrounding Lake Tyers was subjectively allocated as the Treatment site 

because it contains a high proportion of Littoral Rainforest, the focal asset. Further, it is under 

joint management with the GLaWAC, an important stakeholder. The site to the east of Lake 

Tyers was therefore allocated to be the Reference site.  

Experimental sampling units were selected that contain rainforest (an important vegetation 

type for sampling ) whilst  representing the best available matches with respect to criteria 1ƿ

4. Experimental sampling units each fall within public land, have similar landscape and 

vegetation attributes, are of similar size and are thought to have similar deer densities. All 

Units are in close proximity (<1 km) to private land and dominated by Lowland Forest. While 

the EVC composition varies slightly among experimental sampling units, the EVCs present are 

thought to be functionally equivalent. For example, Unit C does not contain Limestone Box 

Forest, but contains significant areas of Shrubby Dry Forest, which is absent from the other 

units but thought to be functionally equivalent to Lowland Forest in terms of deer utilisation .  

Unit A has a relatively greater area of Damp Forest compared to Unit B, which has a relatively 

greater area of Limestone Box Forest. A notable difference between the experimental 

sampling units is that those in the Reference area are in close proximity to a major source of 

fresh water (the Snowy River in Unit C and Wombat Creek, c. 1 km from Unit D), whereas those 

in the Treatment area are in close proximity to an estuarine system.  
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All four experimental sampling units have similar road networks throughout , but Unit A is 

within 1 km of Princes Highway at its closest point.  

 

Shooting Treatment 
 

 

The Treatment and Reference sites were largely subject to contrasting deer management 

interventions. Ground-shooting aimed at reducing deer abundance was conducted across the 

entire Treatment site as part of the project, but not at the Reference site. Ground-shooting was 

mainly conducted by volunteer recreational hunters, facilitated by EGCMN, in partnership with 

the Australian Deer Association and Sporting Shooters. The frequency, intensity, 

commencement and duration of shooting was not predetermined. Shooting was undertaken 

throughout winter, commenc ing around the Easter long weekend and continuing until mid-

November ƿ corresponding with the cooler period of the year.  

A background level of recreational hunting was known to occur at both the Treatment and 

Reference sites at similar levels and therefore was not thought to compromise the 

experimental design. To implement a management contrast, the Lake Tyers project aimed to 

reduce deer abundance substantially more than uncoordinated recreational hunting does.  

 

FIGURE 18: GLAWAC STAFF DISCUSS DEER IMPACT MONITORING AT LAKE TYERS 
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Spatial sampling distribution 
 

The aim of the project was to document landscape -scale responses of deer to management 

intervention. There was good reason to presuppose that Sambar were likely to occupy 

particular habitat types within the study area (Gormley et al., 2011). When this is the case, the 

precision of occupancy estimates can be improved by using a stratified random sampling 

approach that ensures adequate representation of vegetation types in the sample (Nelson and 

Scroggie, 2009). However, resources available were inadequate to robustly quantify deer 

occupancy or relative abundance within specific different vegetation types. Therefore, a 

randomised sampling approach (i.e., without stratification) across each experimental 

sampling unit was used to document landscape-scale responses of deer to management 

intervention, modified from Davis et al., (2015):  

1. The Treatment and Reference sites were divided into grid cells (Jacobson et 

al., 1997, Allen et al., 2015), within which no more than one camera was placed 

in each, to ensure the sampling was spread across the landscape. Camera 

traps were placed randomly within each grid cell. Tobler and Powell (2013) 

recommend that the survey area covered by camera traps should be at least 

the area of one home range, with camera traps spaced less than one home 

range radius apart. Home range sizes of Sambar in the Lake Tyers area were 

unknown. Based on the size of the smallest experimental unit (Unit C: Table 1), 

a cell size of 61. 89 ha (786.71 m × 786. 71 m) was used to fit a sample of 20 

cameras. International estimates of female Sambar deer home ranges (c. 2 

km2;  Lewis et al., 1990, Fraser and Nugent 2005) suggest that these grid cells 

would ensure appropriate sampling coverage and camera separation.  

2. Sampling locations were tfqbsbufe!cz!Ǵ!211!n-!tp!uibu!uif!mjlfmjippe!pg!

detecting the same animal at adjacent sites was negligible, or at least that 

detecting the target species at one site had no effect on the likelihood that it 

would be detected at other sites (Nelson and Scroggie, 2009). 

3. There is an extensive track network in the area providing good access 

(generally < 400 m walk) to all areas of vegetation in the experimental sampling 

units. Nonetheless, samples were restricted to < 400 m from a road or track to 

ensure that sampling was efficient. In addition, cameras w ere  positioned > 10 

m from a road or track to reduce the risk of theft.  
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Methods to assess deer impacts on vegetation 
 

(Text and references* taken directly from Davis, 2018 which appears as Appendix D to this 

document) 

A new method for monitoring deer impacts on vegetation was developed to meet the 

requirements of land managers. This was a standardised, repeatable technique to monitor  

changes in vegetation. It was simple and rapid to implement, and could be applied in a wide 

variety of vegetation communities, ranging from wetland s to forest.  

 

Vegetation was surveyed in permanent 10 m × 10 m plots and compared between Treatment 

and Reference sites. Vegetation variables were estimated using quadrats rather  than 

transects because many of the EVCs being sampled occur in small patches and quadrats, 

Thus, the possibility of sampling units extending beyond the study area of interest , which 

could happen with transects , was avoided. 

 

Permanently marked quadrats of 10 m × 10 m were selected because they have been used to 

quantify Rusa deer impacts in littoral rainforest, sandstone gully forest and sandstone heath  

(Moriarty , 2004*). In some studies, larger quadrats were selected to quantify deer impacts on 

highly heterogeneous environments or rainforest characterised by features such as  large 

trees and canopy gaps that may dominate small vegetation plots (e.g., 20 m × 20 m; Davis, 

2017). In this study 10m × 10 m plots were considered large enough to assess the parameters 

of interest , and small enough to allow rapid assessments to be undertaken. 

 

Although designed to be simple to implement, this method  did assume a moderate level of 

botanical knowledge, or capacity to access expert assistance to identify plants. This is 

important because the impacts of novel herbivores are related to relative consumption levels 

of different plant species  (Nuttle et al., 2014*). 

 

There is evidence to indicate that Sambar browsing and trampling can reduce ground layer 

and understorey vegetation density, prevent tree recruitment and facilitate weed 

establishment, leading to overall impacts on species diversity and structural integrityƿwith 

potential flow -on impacts on canopy cover and tree species diversity (TSSC, 2008, Bennett, 

2016).  

 



35 
 

Three key vegetation attributes were selected for monitoring because they are known to be 

impacted by Sambar and other deer species in vegetation communities elsewhere (Forsyth et 

al., 2015, Deer monitoring protocol ƿ Lake Tyers 26 Davis et al., 2016). These attributes could 

be quantified without sophisticated training and equipment:  1. Structure, composition and 

diversity; 2. regeneration and survival; and 3. vertical growth. 

 

Structure, composition and diversity 
 

Vegetation structure was assessed using three methods. First, changes in the structure of 

vegetation < 2 m in height was assessed using a structure pole. Second, changes in the 

structure of the ground and canopy layers were assessed using visual estimates of cover.  

Third, standardised photo points were used to provide a qualitative visual record of temporal  

changes in vegetation structure of all vegetation layers. The first and second method s also 

assessed changes in composition and diversity.  

 

Changes in the structure of the grou nd and shrub layers were assessed using a structure pole 

to record foliage density at different height increments. To correspond  with vegetation layers 

and the range of deer browsing heights, the structure pole estimates were made at five height 

increments: 0ƿ20, 21ƿ50, 51ƿ100, 101ƿ150, 151ƿ200 cm (modified  from Bennett and Davis, 

2017). Anecdotally, a lack of recovery of some species from deer browse damage, once deer 

are no longer using an area, has been observed, particularly when a browse line has been 

established. The structure pole assessment quantif ied impacts, as well as recovery or lack 

thereof, of changes in vertical structure of the vegetation.  

 

Changes in the structure of the ground layer were assessed using visual estimates of cover 

of ground layer categories. The cover assessment was undertaken within replicate 1-m2 

quadrats. Ground layer cover estimates (percentage cover; continuous scale 0ƿ100%) were 

made for material ǳ!50 cm in height for 14 categories: bare ground, litter, rock, coarse woody 

debris (dead wood Ǵ10 cm diameter), forb, grass, sedge/rush, lily, orchid, fern, shrub/tree, 

climber, moss, and other cryptogams. Bare ground was included as an index of disturbance, 

as it can facilita te weed invasion and soil erosion. In addition, cover estimates (percentage 

cover; continuous scale 0ƿ100%) were recorded for the canopy (emergent and upper-canopy 

combined; and mid-stratum M1 and M2 combined (Figure 19). These canopy and mid-stratum 

estimates capture d changes in vertical structure at a height greater than the 0ƿ 2 m estimates 

recorded by the structure pole. 
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FIGURE 19: DIAGRAM OF VEGETATION STRUCTURE (HNATIUK ET AL., 2009, DAVIS, 2018) 

Vegetation regeneration and survival 
 

Quantification of tree age structure by species provides an indication of whether  regeneration 

is occurring (Bennett, 2016). To assess deer impacts on regeneration, one should consider 

seedling establishment, survival, and size-class recruitment (Bressette and Beck, 2013). To 

quantify recruitment of woody plants of different genera into different size -classes (and in 

turn estimate establishment and survival), stem counts w ere made for all live and all dead 

individuals in vegetation plots of each woody plant genera. This method was expanded from 

Davis (2017) to include shrubs and woody vines, but with simplified size -classes (Bennett and 

Davis, 2017).  

 

Initially it was proposed that counts be made within three DBH (cm)  size-classes: < 2.5, 2.5ƿ

10, >10. However, preliminary field trials showed that this approach was not feasible due to 

extremely high seedling densities in some rainforest plots. Stem count s were therefore 

reduced to the larger two DBH size-classes only: 2.5ƿ10, >10.  

 

The use of two size-classes reduced the time required to conduct vegetation surveys, and it 

also reduced the influence of large masting events in rainforest with high levels o f natural 

mortality  of seedlings. Impacts of deer on survival and size-class recruitment was detected 

using counts of stems that reach the larger size classes.  
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Species-level information can be important when some plant species are preferentially 

browsed or rubbed, or less tolerant of browsing, rubbing or trampling damage, and these are 

replaced by other species that are avoided and/or tolerant of these impacts. However, stems 

counts were conducted for genera rather than species, because identification of juvenile 

plants was difficult and relative p references of deer, and plant tolerances to deer, were broadly 

similar among species within a genus. For multi -stemmed trees, only the largest living stem 

were included in the count. Collection of genus-level data also added to the  

assessment of  changes in composition and diversity . 

 

FIGURE 20: BROAD VEGETATION TYPES WITH THE LAKE TYERS PROJECT TREATMENT AREA 

Vegetation growth and survival 
 

Vertical growth of select understorey and mid -storey shrub and tree species that appeared to 

be targeted by deer were measured via tagging. Tagging individual plants is a useful method 

to assess the impacts of deer on plant growth (Husheer and Robertson, 2005). This method 

is labour intensive when detailed measurements are taken to assess the growth of individual 
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branches (e.g., Bennett, 2008), however, simple measurements of plant height can be used to 

demonstrate deer impacts on growth (Davis and Coulson, 2010) and are rapid to implement.  

 

The method is considered simple enough to be implemented without extensive botanical 

skills, however, measuring vertical growth on all plants present without identifying species is 

not advisable. This is because deer preferentially browse some plant species while avoiding 

others (Nuttle et al., 2014*), hence the occurrence of both negative and positive effects on 

growth rates may mask impacts.  

 

Growth was therefore assessed over time on tagged individuals of five plant species  that are 

easily recognisable, widespread across many vegetation communities in the Lake Tyers area, 

and for which anecdotal impacts of deer have been observed: Exocarpos cupressiformis, 

Pittosporum undulatum, Pomaderris aspera, Indigofera australis and Coprosma quadrifida. 

Each of these species is heavily browsed by deer, as evidenced by a distinct browse line on  

these species in the Lake Tyers area. Each of these species is common across the landscape 

in the Lake Tyers area, although P. undulatum tends to be a pioneer species and is not as 

widely distributed. Acronychia oblongifolia is also heavily impacted on by deer (Peel et al., 

2005) but was not included as a target species for tagging because it only occ urs in rainforest. 

As well as providing information on growth, this component of the monitoring provide d data 

on survival of tagged plants . 

 

Deer damage to vegetation 
 

Documentation of physical damage caused by deer such as antler rubbing does not 

necessarily provide evidence of consequences for plant fitness or survival (Davis et al., 2016). 

This project moved beyond quantification of this type of damage , to examining its  

consequences for vegetation communities. However, quantification of physical damage by 

deer can help to partition the impacts of deer from those of other species (Davis et al., 2016). 

This was important for this project, given that deer impacts at Lake Tyers are not partitioned 

from those of other herbivores using experimental exclosures. 

 

Deer cause damage (through browsing and antler rubbing), such as apical bud removal, bark 

stripping and fraying, flower removal and stem breakage (Barrett and Schmitz, 2013*). It has 

been suggested that deer browsing can be differentiated from that of other species due to 

differences in bite  characteristics (e.g., rough-torn edges for deer; Strole and Anderson 
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1992*). However, Stockwell (2003) found that it was not possible to quantify these differences  

in the field. Therefore, this study broadly attempted to quantify the degree of browse damage 

in combination with an assessment of antler damage (rubbing  and thrashing) and bark 

stripping.  

 

Data from browse damage scores can be analysed to compare levels of damage between 

groups of plants (Marks and Moore 1998) , with physical evidence of deer damage categorised 

for all tagged plants.  

 

Monitoring d ata collected before and after management interventions which had been 

implemented for three hunting seasons was then used to statistically evaluate and examine 

what, if any, changes resulted in the response variables (deer relative abundance and 

vegetation condition). Metadata from camera images was extracted using ExifPro, with 

further data collation and analytical methods efwfmpqfe!cz!ǂUif!Bobmzujdbm!Fehfǃ!dpotvmubodz!

(available as Appendices D through I). 

Results 
 
Area Hunted 

1005HA of private land or 12% of the total 

within the project area was hunted. 

8892HA of the Park was hunted. This was 

basically all the Park in the project area 

except small sections close to towns .  

 

11330HA or 65% of the 17427HA of state 

forest within the pro ject area was hunted. 

All up, of the 38000HA project treatment 

area, 21227HA or 55.8% was subject to 

hunting activity during the project's three 

year timeframe. (See Figure 22). 
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Hunter effort and return 
 

The level of hunting activities varied across the Treatment/control area between and within 

specific land tenures where hunting pressures were deliberately elevated. Hunter activities 

also varied as the project progressed through its three years of delivery. The early stages of 

the project (2019 hunting season) saw the most rapid growth in the number of hunters, while 

2020 saw the largest growth in the area hunted and number of private landowners actively 

engaged in the project. 

 

FIGURE 21: GLAWAC IN LITTORAL RAINFOREST IN THE TREATMENT AREA 
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FIGURE 22: LAKE TYERS DEER PROJECT TREATMENT AREAS 

During the early, pre-covid stages of the project, Far East Victoria Landcare network (FEVL) 

and their Wairewa Landcare Group were introduced to and partnered with members of the 

Australian Deer Association (ADA) and the Sporting Shooters Association of Australia (SSAA), 

to support delivery of deer control on private and adjoining public land in the Wairewa Valley 

and surrounding area. 

 

In the first year, within the north-eastern section of the project area, volunteer contribution 

toward control activities involved around 36 volunteer hunters. They collectively contributed 
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over 1120 hours ƿ attending meetings  and planning days, then coordinating and delivering 

control activities.  

 

This volunteer effort resulted in the reported removal of 78 deer during the first year of the 

project from the north-eastern section of the Treatments  area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Coordinated hunting activities on private land within the Treatment area occurred across at 

least 26 private holdings over the three years of the project  (See Figure 24 above). This was 

delivered by a mix of recreational hunters and landowners, directly covering a land area of just 

over 1000HA or around 12% of all private land in the Treatment site. Properties ranged in size 

considerably from 1.8HA to over 140HA and contained a wide array of native vegetation cover 

and improved pastures. 

 

FIGURE 23: PRIVATE LAND WHERE HUNTING OCCURRED 
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Deer control activities are known to have an effect  on deer populations (impacts/behaviours) 

beyond the immediate area where control activities have actually been delivered (Almendinger 

et al, 2020). For reporting purposes this distance is 200m . This buffer was taken into account, 

within the project footprint . Where hunting activity was undertaken, and influenced deer 

numbers or behaviours, private land increased to around 2700 HA or around 31% of the ~8700 

ha of the project control area. 

A majority of participating hunters did not submit individual data sheets, irrespective of 

repeated requests or their prior commitment to do so. This resulted in an inability to accurately 

quantify  the overall hunting effort .  

Estimates and extrapolation, however, based on data that was submitted indicates that: 

1. Around 30 ADA members, 10 hunters affiliated  with SSAA, and around 8 of the private 

landowners themselves, actively participated  in hunting deer across the 26 private land 

properties with in the project Treatment site. 

2. Individual hunters reportedly spent on average ~9 hours per month hunting deer and 

removed/shot a deer for every ~4 hours, on average of hunting time. 

3. It is estimated that an average of 15 deer were removed from each property over the 

duration of the project and a total of around 390 from private land overall (although 

reporting and estimates vary considerably). 

 

Private land control efforts 
 
In multiple circumstances landowners w ere found to already be undertaking deer control 

activities on their land and in some cases also within surrounding state forest  areas. 

While the effort contributed toward project outcomes from both private landowners and 

recreational wpmvouffstǃ hunters was significant, the amount of data supplied was 

substantially  less than anticipated . Despite this, data from several landowners and multiple 

private land hunting operations allows an informed approximation of the overall hunting effort 

made. 

In some cases, the efforts were substantial. For example, records submitted by the Australian 

Deer Association show, from one nfncfsǃt records, that 17 deer hunting operations were 

conducted in the second half of 2020 (June to November) in conjunction with at least one 
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other person/member across at least four sites.  This resulted in the removal of seven deer 

with an average hunt time of three hours. 

In one private landownerǃs report, their self-conducted hunting effort  was maintained 

throughout the duration of the project but at fairly low level (three to four hours a month) , with 

the number of deer taken (10) fairly evenly spread out over the two years.  

In another example, on the western flank of the project area in the Baades/Harrison block (see 

Figure 12), multiple hunters were able to apply significant hunting pressure  to a private land 

section of the project Treatment site. The site was visited 49 times, at an average of 4 hours 

per visit, for a total of around 196 hrs of volunteer effort . 26 deer were removed (one deer 

removed ~every 7 hrs) over a two-year period from a 9HA parcel of land. 

Not far away in the Hoggs/Bunga Creek Block (Figure 12) another landowner on a 70HA 

property removed 13 deer over the projectǃs duration (6 deer in 2019, 5 in 2020 and 2 in 2021). 

This landowner spent an average of 4 hours per animal or 52 hours of volunteer time in total.  

In the Toorloo Arm Block (Figure 12) 6 deer were removed from a 13HA private block in the 

18 months to December 2021. Volunteer hunters offered assistance on around 10 occasions 

and spent on average 4-5 hours each visit.  

Another private landowner reported hunters spending an average of 5-6 hours a night, and a 

couple of hours the next day checking and retrieving parts of the carcasses, with 8 deer 

removed over a 5-month period. 

Another area known to have been undertaking deer control for over a decade, removed an 

additional 20 animals over the course of the project, with an average hunt time of 3 hours per 

animal removed. 

Trust For Nature deer control 
 
During the time period June to December 2021, Trust for Nature undertook deer control 

activities across multiple Trust For Nature covenanted properties using professional and 

volunteer hunters within the Treatment area, as part of their bushfire recovery work. This work 

targeted deer across five properties totalling 105 HA over 12 nights (around 72 hours hunt 

time) and removed 28 deer (approx. one deer for every 2.5 hours of hunting effort).  
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Deer control with Lake Tyers State Park 
 

The 2019/20 summer bushfires and subsequent 

government funding for biodiversity management, saw 

a coordinated deer reduction program in the Lake Tyers 

State Park. The program was coordinated by Parks 

Victoria and commenced in August 2020 and was still 

running at December 2021. 

The works also incorporated several private land 

holdings adjacent to the Parkǃs south eastern extent. 

This is an area which was also targeted by recreational 

hunters on multiple occasions in the previous year. 

Between August 2020 and June 2021: 

¶ Number of operations = 9 

¶ Number of deer taken = 340 confirmed to be 

Sambar  

¶ At time of writing an additional 34 Sambar had been taken during November and 

December 2021 bring the total to 374 . 

¶ This was mainly one team of two staff across 37 nights (10 hours each night)  

 

 

 

 

FIGURE 24: A SIGN INFORMING PUBLIC PARK 

VISITORS OF DEER CONTROL ACTIVITIES AT LAKE 

TYRES. 
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FIGURE 25: CONTRACTED DEER CONTROL IN LAKE TYRES STATE PARK 
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Monitoring results and analysis  
 

This section should be read in conjunction with the methods in appendices E through I. 

Monitoring vegetation condition via use the target 160 Vegetation plots and deer relative 

abundance via 80 infrared cameras, occurred in the winter of 2019 at project commencement 

and again during the winter of 2021, after roughly three years of deer control. 

Sftvmujoh!ebub!xbt!bobmztfe!cz!ǂAnalytical fehfǃ!in late 2021 with the following findings  (full 

reports and methods available as Appendices E-I)  

 

Camera trap data 
 

Camera trap deer sightings were highest at Reference sites in 2019, but went down at both 

Reference sites and Treatment sites, but slightly more at Treatment sites (non-significant  

result). 

Camera trap juvenile deer sightings were highest at Reference sites in 2019, but actually 

went up at Treatment sites, but not Reference sites (significant result).  

 

The relative probability of a deer sighting was reduced more in the Treatment sites than the 

Reference sites. The ratio of change (probability of a sighting on a given day in 2021 / 

FIGURE 26: DEER SIGHTING PROBABILITY BETWEEN SITES AND YEARS 
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probability of a sighting on a given day in 2019) in Treatment compared to the Control sites 

was 0.72 This ratio was not significantly different from 1 (p -value = 0.256). 

 

Ground cover 
 

 

FIGURE 27: GROUND COVER FOR REFERENCE/TREATMENT SITES IN 2019 AND 2021 
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   FIGURE 28: ORDINATION PLOT OF GROUND COVER VARIABLES FOR YEAR 2019 AND 2021 

 
 

In the above Ordination Plot: Black circles represent Reference sites in 2019, Red Triangles 

sfqsftfou!Sfgfsfodf!tjuft!jo!3132-!Hsffo!,ǃt!represent Usfbunfou!tjuft!jo!312:!boe!Cmvf!yǃt!

represent Treatment sites in 2021. 

Treatment sites show significantly l ower change in cover (2021 cover - 2019 cover), relative 

to Reference sites for bare ground, grass, sedge-rush, lily, shrubs/trees, ferns, climbers, forb 

and other cryptogram. These are the cover types that showed significant interaction p -values.  

Figure 28 gives the estimated percentage cover for all cover types at Reference and Treatment 

sites in 2019 and 2021. 
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The estimated percentage cover of bare ground increased from 4.9% to 5.8% at Reference 

sites, while it decreased from 2.1% to 1.3% in the Treatment sites. 

There was significantly less litter at the Reference sites in 2019 (77.9% vs 88.9%). In 2021, the 

amount of litter decreased to 71.7% at Reference sites, while it increased to 89.8% at 

Treatment sites. These changes were not significantly different between Reference and 

Treatment sites. 

 

Vegetation growth/deer damage 
 
These results look at the difference in deer damage score as monitored by tagged plants in 

the vegetation plots  (see methods at Appendix F). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results show that 

deer damage score has gone up for Treatment sites, but down for Reference sites. While these 

FIGURE 29: ESTIMATED MEAN DEER DAMAGE SCORE FOR REFERENCE & TREATMENT SITES IN 2019 & 2021 
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differences were small (±0.25), the difference between Treatment and Reference sites was 

significant (p<0.001).  

 

 

Vegetation regeneration 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

FIGURE 30: PROPORTION OF PLANTS ALIVE 
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FIGURE 31: RELATIVE PROPORTION OF ALIVE PLANTS 

 

The relative change in proportion of alive plants was 1.07 and 1.09 times larger in Treatment 

sites relative to Reference sites for medium and large plants respectively (Figure 31). These 

relative change in proportions were both significantly different fro m 1. More specifically the 

proportion of alive plants decreased at Reference sites, but stayed relatively constant at 

Treatment sites 
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Structure pole 
 

 

FIGURE 32: STRUCTURE POLE RESULTS 

The total number pg!tusvduvsf!qpmf!ǂijusǃ!)b!qspyz!gps!wfhfubujpo!efotjuz*!is significantly 
greater for treatment relative to reference sites at heights; Canopy and Mid-stratum.  

The total number is significantly less for treatment relative to reference sites at heights; 21 -
50cm, 51cm-100cm and 101-150cm. 
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Discussion 

Monitoring 

Camera trap data showed a greater reduction in deer relative abundance in the Treatment 

area, where coordination elevated hunting pressure, than in the Reference area where hunting 

pressure was not as high, suggesting that deer control activities including deer removal and/or 

hunting pressure may be responsible for the observed changes in deer distribution and relative 

abundance. However, as deer relative abundance was also shown to decrease, albeit to a 

lesser extent, in the Reference area and the difference in results from the different areas are 

not considered statistically significant, the observed change  in the Treatment area could also 

be due to other factors and cannot be solely attributed to our management interventio n. 

 

Changes observed in groundcover were found to be more pronounced at Reference sites 

relative to Treatment sites overall (less change observed in the Treatment area) which is 

vofyqfdufe!hjwfo!effsǃt!dbqbdjuz!up!bmufs!hspvoe!dpwfs. 

 

Bare ground was lower in Treatment relative to References in 2019. The percentage cover 

decreased further in Treatment sites, while it increased in Reference sites. This may be due to 

reduced deer numbers. However, grass significantly increased more in the Reference sites 

than the Treatment sites. Results may be confounded by other factors, such as different 

amount of fire impacts between Reference and Treatment sites (although sites that were 

impacted by fire were removed from the analysis).  

 

This result may either reflect differences in site characteristics  and conditions (wetter at 

Reference sites) or other attributes not related to deer over the time frame s involved. 

 

Deer damage scores were assessed at the plant level, on tagged plants. The results show 

reduced levels of deer damage in Reference areas, somewhat counter intuitively, where 

coordinated control activities did not occur and showed increases in deer damage scores 

where control measures were implemented.   These differences were small (±0.25), but the 

difference between Treatment and Reference sites was significant (p<0.001). While this is 

contrary to what may have been expected, it may be possible that slightly reduced deer 
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numbers allowed new individuals to move in boe!ǂibwf!uifjs!uvsoǃ!po!uif!tfmfdued plants, known 

to be targeted as part of deer social and territorial behaviors (the sump effect).  

 

With the deer damage result taken from specific species known to be especially targeted by 

deer, it is logical to assume that a similar result  could be expected for other species and the 

overall regeneration of other species or the vegetation as a whole. However, this does not 

appear to be the case, with an overall trend toward increased vegetation thickness or structure  

evident from the structure pole data from most  height class categories (Figure 33).  

 

Notwithstanding  the general trends noted above, for most strata and  locations, there is a more 

pronounced increase in mid-strata and canopy structure at the Treatment sites. Such results 

are also unlikely to be the product of management interventions , as such developments are 

out of deer browse height and assumed to take longer than has been allowed to become 

observable. Rather, they may relate to or indicate pre-existing differences in vegetation 

structure between the sites , a trend which if present would likely become more evident with 

time.  

The Structure pole results show a general thickening of the vegetation from 2019 to 2021. 

With a significant difference observed between the Treatment and Reference areas, with the 

latter found to be thicker (more pole hits). A result which is the opposite from what was 

expected. Though is likely best explained by other extraneous site related variables (forest 

age, successional stage) and importantly the breaking of the drought driving a flush of 

vegetation growth. 

 

Results for regeneration (see Figure 31) showed that the Treatment sites where deer control 

had been undertaken, had significantly more alive plants in 2021, relative to 2019, than 

Reference sites where deer control was not as elevated, which had experienced a decline in 

the number of alive plants.  More specifically, the proportion of alive plants decreased from 

2019 to 2021 in the Reference sites, while this decrease was not observed in the Treatment 

sites. This result was consistent for both medium and large plants  and suggests regeneration 

processes, across all target vegetation types, as a whole may be facilitated or associated with 

deer control activities.  

 

Variation was greatest between sites, and the variation between units was negligible relative 

to the variation between sites, suggesting that this difference is more likely attributable to the 
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hunting management intervention  than inherent differences in site characteristics. While this 

result is not entirely conclusive and is somewhat confounded by the reduction in tagged plant 

survivorship in the Treatment area, the result is encouraging and requires further testing and 

investigation to provide greater clarification of the relationship(s) between deer control and 

vegetation regeneration. 

 

The Cross-tenure approach and project partnerships  
 

The project has been highly successful in procuring, nurturing and maintaining project 

partners. Partners included multiple local Landcare groups, Traditional Owners, government 

land management agencies, recreational hunting organisations and many other non-affiliated 

individuals. In fact, the projectǃs capacity to build enduring partnerships around deer control 

has possibly been one of the projects biggest achievements. 

 

As there was a lot of volunteer effort associated with delivery of control  activities , this required 

a lot of  engagement, planning and coordination to enable successful outcomes. The 

FIGURE 33: RAINFOREST AT LAKE TYERS STATE PARK 




























