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Glossary 

Camp The physical location that flying-foxes occupy as a group during the day. 
Synonymous with roost. 

Colony The group of flying-foxes occupying a camp 

Occupied camp A camp that has been occupied by flying-foxes in more than one year and 
was occupied at the time of inspection. 

Pup Juvenile flying-foxes dependent on their mother 

Population Refers to the total number of flying-foxes across their geographic range 

Roost The physical location that flying-foxes occupy as a group during the day. 
Synonymous with camp. 

Unoccupied camp A camp that has been occupied by flying-foxes in more than one year, but 
was unoccupied at the time of inspection 
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Abbreviations 

ABLV Australian Bat Lyssavirus 

ATCW Authority to Control Wildlife permit 

CaLP Act Catchment and Land Protection Act 1994 

CSIRO Commonwealth Scientific Industry Research Organisation 

DAWE Department of Agriculture, Water and the Environment (Australian Government)  

dB(A) A-weighted decibels 

DELWP Department of Environment, Land, Water and Planning (Victorian Government) 

DJPR Department of Jobs, Precincts and Regions (Victorian Government) 

DoT Department of Transport 

EPBC Act Environment Protection and Biodiversity Conservation Act 1999 

FFG Act Flora and Fauna Guarantee Act 1988  

FF/s Flying-foxes 

GHFF Grey-headed Flying-fox 

Hz Hertz 

kHz Kilohertz 

LRFF Little Red Flying-fox 

m Metre 

OCR Office of the Conservation Regulator 

P&E Act Planning and Environment Act 1987 

VBA Victorian Biodiversity Atlas 

Wildlife Act Wildlife Act 1975 
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Executive summary 
Greater Shepparton City Council are developing a structure plan to guide the development of residential land to the north 
and north-west of Cussen Park in Tatura. Cussen Park has supported a colony of Grey-headed Flying-foxes Pteropus 
poliocephalus (GHFF) since at least 2017, which are protected under state and national legislation.  WSP have been 
engaged to develop a management framework for this GHFF colony at Cussen Park to inform the implementation of the 
Tatura Structure Plan The aim of the framework is to ensure that the GHFF colony is protected from current and future 
potential land use conflict, including encroachment from urban development to the north and north-east of the colony. To 
inform the framework WSP ecologists undertook a site visit, a literature review, and community consultation sessions.  

A colony of GHFF and periodically Little Red Flying-fox Pteropus scapulatus (LRFF) have been present at Cussen Park, 
Tatura, from 2017 and 2013, respectively. Colony numbers peak in Autumn in most years at approximately 10,000 �± 
12,000 flying-foxes (FFs). The evidence that WSP has collated from camps across the state, plus ongoing discussion with 
the managers of many camps in Victoria indicates that the Cussen Park colony is permanent and likely to continue to 
increase in size. This poses significant challenges for Greater Shepparton City Council (Council) in its approach to 
managing the colony, the public use of Cussen Park, impacts to nearby residential properties and the local town of 
Tatura. Potential residential developments adjacent to Cussen Park are a particular obstacle to colony management for 
Council.  

The Tatura Structure Plan (SP) proposes �D���µ�J�H�Q�H�U�D�O���U�H�V�L�G�H�Q�W�L�D�O���D�U�H�D�¶���Q�R�U�W�K���D�Q�G���Q�R�U�W�K-east of the current FF roosting 
locations, with the proposed drainage basins planned adjacent to the park boundary. The Structure Plan does not 
incorporate land to the west of the park, over Tatura-Undera Road, but is proposed as a general residential area and a 
small section of this is to be investigated for industrial development. The implication of potential additional residential 
housing nearby the colony increases anthropogenic impacts on FF and FF-human conflict. FF also preferentially roost 
near water (amongst other factors) in urban and peri-urban environments, as such the addition of drainage basins adds 
another level of complexity to future management of the camp. Consideration of these anthropogenic impacts, as well as 
options to reduce noise, smell, electrocution via powerlines, and faecal matter have been investigated. Pre-planning and 
design of any proposed housing or industrial developments, during the urban planning process will be key to reducing 
FF-human conflict within Tatura.  

The context of the Cussen Park camp is different to most camps experiencing FF-human conflict because most 
surrounding housing in proximity are yet to be built, and many of the known FF-human mitigation strategies only 
�E�H�F�R�P�H���U�H�O�H�Y�D�Q�W���L�I���W�K�H���F�R�Q�I�O�L�F�W���F�D�Q�¶�W���E�H���D�Y�R�L�G�H�G initially at the land-use planning stage (i.e., when developing the SP). 
The most efficient and cost-effective approach, therefore, for the Cussen Park Camp is to develop effective camp buffers 
that avoid conflict from the beginning and avoids the need for often ineffective and piece-meal strategies that are applied 
retroactively.  

As such, the proposed Framework identifies primary, secondary, and ongoing actions. Primary actions will be the most 
successful at initially preventing FF-human conflict from arising within new housing developments and to avoid any 
conflict in the future. Secondary actions are those that should be considered if adequate camp buffers cannot be 
implemented. Ongoing actions relate to currently implemented park management and camp monitoring actions that can 
be built-upon to specifically improve camp management. These actions are as follows: 

Primary 

�²  Camp Buffer Zone implementation �± a minimum of a 150 m vegetation free buffer is proposed.  

�²  Utilisation of strategic or statutory planning tools to incorporate the camp buffer in local law. 

�²  A community education program 

Secondary 

�²  Future development provisions - such as housing design parameters or anti-FF roosting and foraging lists provided to 
residences. 
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Ongoing 

�²  Ongoing camp monitoring - including for heat stress events 

�²  Continued Cussen Park management �± with the inclusion of an FF Management Plan. 

Once the Framework is finalised with Council, several measures are proposed as next steps to establish essential colony 
management protocols and implementation of FF controls under statutory planning tools.  
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1.1.2 Conservation status 

GHFF are protected under the Federal Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) and 
the State Flora and Fauna Guarantee Act 1988 (FFG Act). The species is listed as Vulnerable under the EPBC Act and 
the category of threat under the FFG Act is Vulnerable. Any management plans for the species must consider the 
National Recovery Plan (DAWE 2021) and Referral guidelines (DoE 2015). As such, Council has legal obligations under 
both pieces of legislation to manage the site and the colony to enhance conservation outcomes for the species.  

At the local government level, there is no direct policy, or planning scheme ordinance in the Greater Shepperton Planning 
Scheme concerning the GHFF camp at Cussen Park. Council is developing the Tatura SP, which is currently in draft 
form (Figure 1.2). Outcomes of the GHFF management framework should be incorporated as part of the PS. 
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1.2 Scope  
The scope of works is to prepare a framework that can be used to assess the GHFF colony in Cussen Park, Tatura and 
inform the development of the Tatura Structure Plan.  

The scope of deliverables include: 

�v  Literature review and existing management plan research 

�v  Site visit to assess colony behaviour, distribution, and current numbers.  

�v  Report, including both the literature review and the management framework. 

Utilising the framework, surveys and the literature review, the report will aim to provide a series of recommendations for 
the continued protection of the bat colony and their habitat from future land-use conflict.  

To achieve this scope, several WSP staff from multiple disciplines worked collaboratively on this project. These staff 
members are presented in Table 1.1. 

Table 1.1 Personnel involved on the project 

STAFF MEMBER TITLE PROJECT ROLE 

Rodney van der Ree Technical Executive - Ecology Specialist advice - flying-fox 

Site visit 

Technical review 

Jacqui Willis Environmental Planner Site visit 

Planning - literature review (Section 7) 

Briony Mitchell Senior Ecologist Site visit 

Reporting 

Katie Dean Consultant, Communications & 
Engagement 

Community consultation questionnaire and result 
compilation 
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ORGANISATION NAME 

Western Sydney Council Justin Welbergen 

Flying-fox ecologist, Uni NSW Peggy Eby 

2.2 Planning 
A due diligence assessment was undertaken, which included a review of the existing site conditions (including planning 
controls and draft documentation for the Tatura Structure Plan) surrounding Cussen Park, to: 

�v  gain an appreciation of the Tatura Structure Plan and current information available 
�v  identify any relevant planning policy which may assist in the implementation of the management framework 

Sources reviewed included, but were not limited to: 

�v  Greater Shepparton Planning Scheme 
�v  Planning Practice Notes  
�v  Victorian Planning Authority website 
�v  Vicplan (DELWP 2021). 

The findings of this review are detailed in Section 7. 

2.3 Community consultation 
A critical component of the review was to gain an understating of the �F�R�P�P�X�Q�L�W�\�¶�V experience with the FF colony. Due 
to COVID-19, WSP undertook online community consultation processes, including an online questionnaire for residents 
and a workshop with members of the Cussen Park Advisory Committee and Tatura Community Plan Steering 
Committee. The Workshop with the two local committees took place on the evening of 14th October 2021 and was an 
open discussion around the current management of the colony, colony numbers and camp distribution and local attitudes 
towards the FF.  

The WSP Ecology Team, in collaboration with the WSP Communications and Engagement Team, put together a series of 
16 questions that would help to understand residents experience with FF (Appendix A, Section A1.1). Residents were 
chosen to participate based on their proximity to the colony and Cussen Park to gain meaningful information about noise 
and smell extent. The general residential areas which were contacted to participate in the questionnaire can be viewed in 
Figure 2.1. 

The questionnaire was presented online using Zoho Survey (https://www.zoho.com/survey/login.html). Respondents 
were invited via postal letter to respond to the online survey about the Cussen Park camp. A total of 117 properties were 
contacted, including the Hill Top Golf and Country Club. Responses were then reviewed and summarised by the WSP 
Communications and Engagement Team. 
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2.4 Target species survey 

2.4.1 Species ecology 

GHFFs are a largely sub-tropical mammal species whose range extends from southern Queensland along the east coast 
and into Victoria and can be found as far west as Adelaide and as far south as Geelong (Figure 2.2). They eat fruit and 
nectar from native and introduced trees and shrubs. They are colonial, which means they roost in groups, ranging from a 
handful to 50,000 �± 100,000 individuals. Colony size is influenced by the area of suitable roosting habitat and food 
availability around the camp and across their range (McDonald�(�0�D�G�G�H�Q���H�W���D�O��������������. An abundant food source can attract 
animals, and low availability of food in an area can force mass movements away from the area of food shortage (Roberts, 
B 2012). Colonies can form very quickly as the species is highly mobile, from zero to 10s of 1000s in a small number of 
weeks and disband as quickly. There is constant movement of some flying-foxes among camps, while other individuals 
appear to permanently reside within the one camp.  

Despite GHFFs large geographic range (over 2,500 km), the species is considered a single population because of their 
extreme mobility and lack of genetic differentiation (Tidemann 2003; Webb & Tidemann 1996; Welbergen 2006). GHFF 
can travel a few hundred kilometres (km) per night between camps, travel in excess of 2,500 km annually with daily 
colony turnover rates approaching 20% and highly variable directions of travel (Webb & Tidemann 1996). 

LRFF are more nomadic than GHFF because their diet is more focussed on blossom, which can be very sporadic and 
unpredictable across the continent. (Figure 2.2) (Franklin, Barnes & Prout 2017). Consequently, LRFF also tend to 
establish new camps and colonise existing camps much more quickly and often in larger numbers than GHFF, sometimes 
reaching one million individuals (Churchill 2008). Their geographic range covers a larger area of Australia than for 
(Welbergen 2006). GHFF, and the southern extent of their range is central Victoria. Numurkah and Tatura are as far 
south as LRFF are regularly recorded in Australia, although they occasionally occur in Bendigo and very rarely in 
Melbourne. 
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Figure 2.2 Example images of Grey-headed Flying Fox Pteropus poliocephalus (GHFF) on the left and Little Red 
Flying-fox Pteropus scapulatus (LRFF) to the right. LRFF Image © Vivien Jones. 

2.4.2 Site assessment 

WSP Ecology (Rodney van der Ree and Briony Mitchell) and Planning (Jacqui Willis) attended site with Council on the 
20th September 2021. The site visit aimed to understand the context of the GHFF colony at Cussen Park, Tatura. Suitable 
GHFF habitat around Cussen Park was assessed to confirm the potential maximum boundaries of the colony to inform 
the size of any potentially recommended buffer zone.   

2.5 Environmental legislation and policy 
As relevant to the project, environmentally related legislation and policy considered included: 

�v  EPBC Act 

�v  FFG Act 

�v  Planning and Environment Act 1987 (P&E Act) 

�v  Catchment and Land Protection Act 1994 (CaLP Act) 

�v  Wildlife Act 1975 (Wildlife Act). 

Relevant legislation and policy are described in detail in Appendix B, Table B.1. 
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Figure 3.1 Maximum monthly camp numbers from 2013 to 2021.  

Source: Weekly count data from Terry Court. 
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Figure 3.2 The Tatura camp (number 796), Cussen Park, camp numbers as detailed on the Commonwealths 
interactive flying-fox viewer (DAWE 2015). 

3.1.2 Camp management 

At present, there is no implemented management plan specific to the Cussen Park FF camp. However, Council do 
currently manage water levels within the Cussen Park waterbodies to provide support to the camp during the warmer 
months. Council utilises water entitlement from No.6/5 Irrigation Channel (usually 1-2 mL at a time) to maintain 
standing �Z�D�W�H�U���L�Q���W�K�H���/�R�R�S���Z�H�W�O�D�Q�G���Z�K�H�Q���L�W���K�D�V�Q�¶�W���E�H�H�Q���I�L�O�O�H�G���Q�D�W�X�U�D�O�O�\���E�\���V�W�R�U�P�Z�D�W�H�U���I�O�R�Z�L�Q�J���W�K�U�R�X�J�K���I�U�R�P���W�K�H���0�D�U�J�D�U�H�W��
Street pumps. This usually happens at least once per summer, or 2 or 3 times depending on the season. Before the camp 
established at its current location, the Loop wetland was allowed to dry out during late summer and not managed.  

A management options paper for the camp was developed in May 2017 (EII 2017). This was developed during the time 
when the camp first reached approximately 10,000 individuals, with the greater species proportion being GHFF. The 
management plan for Cussen Park was written prior to the arrival of the GHFF and they are not considered in that plan 
(Greater Shepparton City Council 2016a). The management plan divides the Park into management zones which can be 
viewed in Figure 3.3. 

The Park is a Council owned asset and consequently Council has a range of roles and responsibilities with regard to the 
Park. Council manages annual maintenance requirements for the Park, including mowing and tree trimming. The Cussen 
Park Advisory Committee works with Council to manage the Park and are responsible for monitoring and providing 
advice to Council on Park health and to undertake strategic planning with Council.  

The relevant local management plans: 

�²  Management options for flying-foxes at Cussen Park, Tatura, Victoria; Final Report May 2017 (EII 2017) 

�²  Cussen Park Environmental Management Plan 2016, including the Cussen Park Action Plan (Greater Shepparton 
City Council 2016a) 
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Figure 3.3 Management zones within Cussen Park. Source: Cussen Park Environmental Management Plan 2016, 
Greater Shepparton City Council (Greater Shepparton City Council 2016a). 

3.1.3 Site assessment 

The Cussen Park FF camp has historically roosted adjacent to the water body classified as management zone 10 and have 
resided mostly in management zone 2 (including sub-zones), 6g and 6b and 7 (Figure 3.4). During the site visit the camp 
mainly occurred within zones 7 along the irrigation channel and adjacent to the water body in zones 7 and 6g (Figure 
3.5). GHFF were roosting within planted vegetation along the irrigation channel, where the canopy connects over the 
GMW vehicle access track to vegetation within Cussen Park (Figure 3.6). Other observation of note include: 

�²  Heavy tree damage within the camp (Figure 3.7), and 

�²  Evidence of a mown gap preventing FF from roosting in suitable trees in management zone 6g (Figure 3.8). The 
grassed gap is approximately 30 �± 50 m from roosting FF. 

The general camp extents depending on camp size can be viewed in Figure 3.4. 
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Figure 3.5 The Cussen Park camp viewed from a bird hide facing north-east, during the site assessment. The camp resides in management zone 7. 
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Figure 3.6 The Cussen Park camp roosting along No. 6/5 Irrigation Channel on the 20th September 2021. 
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Figure 3.7 Evidence of tree damage by Grey-headed Flying-Fox roosting in planted Sugar Gums Eucalyptus cladocalyx on the 20th September 2021. 
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Figure 3.8 The mown grassed area within management zone 6g, between the Flying-Fox camp in trees to the right and the stand of trees to the left of the image.  
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3.1.4 Study area context 

With the Cussen Park camp roosting along north-east section of the irrigation channel, the camp is adjacent to the 
�µ�S�U�R�S�R�V�H�G���J�H�Q�H�U�D�O���U�H�V�L�G�H�Q�W�L�D�O���D�U�H�D�¶���R�I���W�K�H���7�D�W�X�U�D���'�U�D�I�W���3�U�H�F�L�Q�F�W���6�W�U�X�F�W�X�U�H���3�O�D�Q����Figure 1.2). The residential areas are 
proposed along the whole northern boundary of Cussen Park and the no. 6/5 irrigation channel. To the north-east of the 
Cussen Park boundary, existing residential housing is approximately 320 m from the minimum camp distribution extent 
(2000 individuals) (Figure 3.9). The closest existing residential housing, at Margaret Street and McNamara Street, is 
approximately 185 m south-east of the minimum camp distribution extent (Figure 3.10). Refer to Figure 3.4 for the camp 
distribution extents.  

Immediately north and west (west of Ross Street) of the Park, agricultural paddocks dominate, with limited trees or 
suitable FF trees available. The named, �µ�3�R�W�H�Q�W�L�D�O���G�U�D�L�Q�D�J�H���E�D�V�L�Qs,�¶��within the PSP on the northern side of the Park, 
adjacent to the Park boundary. The existing waterbody (management zone 10) also continues, via a culvert under Ross 
Street, through farmland to the west of Cussen Park. Additionally, the town centre of Tatura is approximately 550 m 
south of the southern boundary of Cussen Park. 

Local weather is also important for understanding camp behaviour and potential current and future FF-human conflict. 
When camp numbers are at their highest through Spring/ Summer, maximum temperatures average above 20 degrees 
Celsius (° C), with the highest temperatures observed in January and February at 44.8° C. Average rainfall varies 
between 32.3 mm and 46.7 mm, with a high of 46 mm in October. Tatura weather data (weather station number: 081049) 
can be viewed in Table 3.1.  

Data from the local Tatura INST Sustainable AG weather station (Site number: 081049) shows that the majority of times 
wind typically blows from the South to South-west. This direction indicates that camp odour may be more detectable by 
the human nose within the town centre itself, rather than to the east or north-east where residential housing is closest to 
the colony. Although, the wind rose does highlight that wind direction also occurs north-east. The wind rose can be 
viewed in Figure 3.11. 
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Figure 3.9 View from Cussen Park looking north-east over the No. 6/5 Irrigation Channel towards an existing 

housing estate. The existing housing estate is approximately 230 metres from the irrigation channel. 

 

  
Figure 3.10 On the left, the view of Margaret Street, facing north towards the junction with McNamara St. On the 
right, the junction of Margaret Street and McNamara St, facing south, showing the proximity of existing housing to Cussen 
Park to the right of the image. 
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Table 3.1 Average weather observations per month at the Tatura weather station  

STATISTIC MONTH DATA PERIOD (YEARS) 

JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC 

Mean maximum temperature (°C) 29.8 29.5 26.3 21.6 17.2 14.0 13.1 14.7 17.5 21.2 24.8 27.7 1965-2021 

Highest temperature (°C) 44.8 44.8 39.6 35.0 26.3 21.5 22.5 26.0 33.7 35.6 42.1 44.0 1965-2021 

Mean minimum temperature (°C) 14.3 14.5 11.9 8.4 5.7 3.7 3.1 3.8 5.4 7.6 10.3 12.4 1965-2021 

Mean rainfall (mm) 33.7 32.3 34.1 34.8 44.4 43.9 47.6 46.4 42.5 46.0 39.6 34.8 1964-2021  

Maximum wind gust speed (km/h) 94 85 81 85 80 100 83 94 97 76 89 94 2001-2021 

Source: Bureau of Meteorology (bom.gov.au) �± Tatura INST Sustainable AG weather station (Site number: 081049) 

 



Rose of Wind direction versus Wind speed in km/h (01 Jan 1965 to 13 Aug 2021)
Custom times selected, refer to attached note for details

TATURA INST SUSTAINABLE AG
Site No: 081049 • Opened Jan 1942 • Still Open  • Latitude: -36.4379° • Longitude: 145.2673° • Elevation 114m

An asterisk (*) indicates that calm is less than 0.5%.
Other important info about this analysis is available in the accompanying notes.
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occurring to either species at that time. Risk level and the difference in breeding cycles between species should be 
considered when management measures are planned to be introduced. 

For GHFF, evidence suggests that there is seasonal variation in the timing of breeding and growth stages. There may also 
be an overlap in the presence of flightless young being carried by their mothers, and young that are no longer carried, but 
still incapable of sustained flight. As such, breeding and growth stages should be monitored in real-time to inform 
management plans and to act accordingly. 

Table 4.1 Breeding times for Flying-fox and the potential risk level if management actions are implemented 

MONTH BREEDING 

GREY-HEADED FLYING-FOX DISTURBANCE RISK LITTLE RED FLYING-FOX DISTURBANCE RISK 

January Young learning to fly Medium 

 

 Low 

February 

March   

April  Low Medium 

May   High 

June 

July Young learning to fly# 

August Medium 

September Final trimester Medium to high Medium 

October Peak birthing High  Low 

November 

December Young also learning to fly#  
 
Key: 

BIRTH AND CARING FOR YOUNG (LACTATION) 

PEAK CONCEPTION 

PREGNANCY 

YOUNG LEFT AT ROOST AND DEPENDENT ON MOTHER 

Source:(Eco Logical Australia 2013; Ecosure 2020; SEQ Catchments 2012). 

4.3 Flying-fox-human conflict issues 
The main concerns associated with FF-human conflict include the following: 

�v  Human health risk; Hendra virus, Australian Bat Lyssavirus (ABLV) or transmission of other diseases through faecal 
droppings  

�v  Camp noise 

�v  Camp odour 

�v  Damage to vegetation: FF camps often damage roosting trees and strip them of leaves and smaller branches. 
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�v  Faecal droppings around residential housing or commercial buildings.  

�v  The handling of injured or dead FF, particularly during heat stress events.  

Conflict between local communities and FF can arise in a myriad of situations and contexts, including: 

�v  At the camp: Establishment of new camps or rapid expansion of existing camps in parks used for a range of public 
activities (e.g., walking tracks, festivals, picnics etc) creates conflicts between users and FF, including concerns 
about impacts on vegetation and amenities. 

�v  At the camp boundary: Occurs when residential or other neighbours are impacted by the noise, smell, faeces, or other 
disturbances emanating from the camp. In residential areas: where people interact with GHFF feeding in fruit trees 
or other trees in backyards, along streets or in parks and gardens.  

�v  Across their range: wherever people interact with FF and are concerned about the risk of disease transmission, 
including the ABLV and Hendra virus from FFs to people, pets, and livestock. In commercial orchards: where GHFF 
feed on fruit and damage crops, reducing profits.  

The severity of these conflicts varies over space and time and is likely related to distance from the camp, the time since 
camp establishment, the nature of the conflict and the level of knowledge and understanding of the community towards 
FFs. For example, concern about the risks associated with the transmission of zoonotic disease from GHFF to people, 
pets and livestock appears quite variable amongst community members (Currey et al. 2018; Kung et al. 2015). With the 
increased movement of FF and camp residencies into urban areas, FF-human conflict is set to increase (Timmiss et al. 
2021).  

4.3.1 Camp odour 

FFs use chemical signalling (smell) to communicate within species (Nelson 1965; Wagner 2008). Male FFs have 
sebaceous (oily) glands on their necks, where they rub the secretion onto tree branches within camps to establish 
territories, particularly during the breeding season (Nelson 1965{DECC, 2008 #8469; Wagner 2008). The glands of male 
GHFF enlarge in response to elevated hormone levels (mainly testosterone) corresponding to the mating season, between 
January and April. This gland augmentation is also suspected to occur for other FF species (Klose, Welbergen & Kalko 
2009{Wagner, 2008 #8466)}.  Female FFs also have scent glands on their necks. Consequently, camps emit a distinctive 
odour.  

Olfactory odour concentration data of FF camps is limited or absent (i.e., mostly unpublished). Camp odour can be 
dependent on species compositions, with LRFF smelling distinctively different from GHFF (pers. comm. Peggy Eby). 
LRFF also roost differently from GHFF; individuals roost closer together and roost lower down in trees, which may, 
along with other factors, increase the extent to which humans smell camps (pers. comm. Peggy Eby). The presence of 
LRFF in Queensland do increase public complaints about camp smell (pers. comm. Tyron de Kauwe). Although, the 
presence of LRFF coincides with (pers. comm. Tyron de Kauwe): 

�v   their breeding season when gland secretion increases 

�v  a higher influx of numbers 

�v  their presence during wetter months, which may aerosolise the scent. 

Camp odour is usually stronger or is smelt at a greater distance from a camp during: 

�v  wetter periods or prolonged rain, where males remark their scents continuously. 

�v  hot and humid weather conditions, and 

�v  times of higher camp numbers (Summer - Autumn in Victoria). 

Wind direction can also affect the strength of the smell, or the extent to which is it smelt by residents (i.e., if wind 
direction drives odour towards a town centre or residential development). At the National Flying-fox Forum 2021, Byron 
Reynolds, from the Port Macquarie Hastings Council, presented on the Kooloonbung Creek FF Camp Management Plan. 
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For the Plan, noted that odour increased due to rain and sprinkler irrigation only helped within 15 m of the roost, and at a 
further distance had a negligible impact on smell and noise. At the Forum, Dr. Justin Welbergen, also mentioned that 
misting increased humidity, which pushed roosting FF further out to the edge of the camp extent.  

It is noted that camp odour is not caused by faecal matter at the base of a camp. Faecal droppings during fly-out may 
smell and is hard to clean.  

4.3.2 Vocalisation 

Flying foxes are highly vocal and use their vocalisations to socialise during daytime roosting and in night nurseries, as 
well as during fly-outs and whilst feeding. GHFF calls are often broadly classified into five different call types 
(Christesen & Nelson 2000). GHFF calls range between 2 - 8 hertz (Hz) (noting that the original study recorded in cycles 
per second (kc) prior to the replacement of the international system of units)) and some peak intensities between 10 - 13 
Hz (Nelson 1964). Other studies on acoustic behaviour show that their calls are in the range of 2 - 6 kilohertz (kHz), with 
peaks to 8 kHz (Christesen & Nelson 2000). The dominant frequency of individual male courtship calls averaged 2.88 + 
0.36 kilohertz (kHz) at two rural camps and 3.01 + 0.30 kHz at two urban camps. It is important to note that these are 
�L�Q�G�L�Y�L�G�X�D�O���F�D�O�O���U�H�F�R�U�G�L�Q�J�V�����U�D�W�K�H�U���W�K�D�Q���D�Q���D�V�V�H�V�V�P�H�Q�W���R�I���F�D�P�S���Q�R�L�V�H���D�V���Z�K�R�O�H�����7�K�H���R�Y�H�U�D�O�O���µ�O�R�X�G�Q�H�V�V�¶���R�I��an FF camp is 
dependent on the number of individuals in the camp, species composition and distribution. LRFF are more active, more 
easily disturbed and more vocal than GHFF (pers. comm. Peggy Eby) than GHFF, which may increase noise levels of a 
camp.  

Studies on measuring the noise level of camps with GHFF or LRFF are limited. Camp noise has been recorded across 
five GHFF camps within New South Wales (Pearson, T & Clarke 2019). Average colony soundscape loudness, at 10 m 
from the vocalising FF, was measured 57, 59.3, 55.4, 61.7, and 56.6 A-weighted decibels (dB(A)), from highly rural to 
highly urban roosts, respectively (Pearson, T & Clarke 2019). Baseline background noise levels at each camp peaked at 
between 43.4 - 61.5 (dB(A). A-weighted decibels (dB(A) is an expression of the relative loudness of sounds in air as 
perceived by the human ear. For context, the VicRoads noise reduction policy states that traffic noise levels for new or 
upgraded roads should be restricted to 63 (dB(A) between 6am and midnight around residential dwellings (VicRoads 
2005). The Greater Sheppa�U�W�R�Q���3�O�D�Q�Q�L�Q�J���6�F�K�H�P�H���G�R�H�V�Q�¶�W���V�S�H�F�L�I�\���Q�R�L�V�H���Y�R�O�X�P�H�V���D�U�R�X�Q�G���U�H�V�L�G�Hntial developments but do 
mandate the cessation of construction noise at times of the day or night. As such, the likely noise level of GHFF camps at 
greater than 10 m distances are expected to be less than 61.5 (dB(A), and therefore, is under the VicRoads recommended 
traffic noise level near residential properties. The closest residential property from the Cussen Park camp at both its 
smallest and largest distribution extent is approximately 150 - 200 m. 

At the National Flying-fox Forum 2021, Byron Reynolds, from the Port Macquarie Hastings Council, presented on the 
Kooloonbung Creek FF Camp Management Plan. Observation of the camp and community consultation indicated that 
noise was greatest upon return to the roost at dawn (around 4 am). Noise complaints were also received at greater than 50 
m from the camp.  

Additionally, current typical urban noise levels do not appear to alter the calling behaviour or mask noise level of GHFF, 
�X�Q�O�H�V�V���W�K�H�U�H���L�V���D���D�Q���µ�H�[�W�U�H�P�H�¶���Q�R�L�V�H���L�P�S�X�O�V�H�����O�L�N�H���D���O�R�Z-flying aircraft (averaged 70.75 dBA), where the noise level 
exceeds that emitted by an urban roost (Pearson, T & Clarke 2019). 

4.4 Housing development implications  
Increased urbanisation, such as new housing developments, can increase FF-human conflict, as well as potentially impact 
FF colony health and mortality (Jung & Threlfall 2016; Threlfall, Law & Banks 2012). Elements of FF-human conflict 
which may be exacerbated are discussed in Section 4.3. The risk of disease transfer to humans may increase, with an 
increase in human population and reduced FF proximity to woodland habitat, associated with increased spill-over of the 
Hendra Virus to horses in Queensland and northern New South Wales (Walsh, Wiethoelter & Haseeb 2017). Increased 
human population size and population proximity/ housing density to FF camps increases the possibility of harm to FF 
from anthropogenic causes, such as fruit-tree netting, barbed wire, powerlines, vehicle collision, domestic animals and 
window strikes (Jung & Threlfall 2016) (Threlfall, Law & Banks 2012). Medical records of 532 GHFF submitted to 
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Healesville Sanctuary and the Royal Melbourne Zoological Gardens between 2000 and December 2014, showed that 
anthropogenic factors were a major cause of GHFF admission to veterinary hospitals, with entanglement in fruit netting 
the most significant risk for FF (Scheelings & Frith 2015). The full extent of this is unknown, as most individuals exit the 
camp at dusk, however crèched young that remain in the camp at night may be impacted to some degree. It is also 
possible that the location of the camp could shift within Cussen Park or depart Cussen Park entirely in response to nearby 
developments, with flow-on effects to other areas of the park or neighbours, depending on where the FF move to.  

Artificial light that alters the natural patterns of light and dark in ecosystems is ref�H�U�U�H�G���W�R���D�V���µ�H�F�R�O�R�J�L�F�D�O���O�L�J�K�W���S�R�O�O�X�W�L�R�Q�¶��
(Longcore & Rich 2004). Types of ecological light pollution include chronic or periodically increased illumination, 
unexpected changes in illumination, and direct glare (Longcore & Rich 2004). Bats most often show avoidance behaviour 
as a result of light at night, meaning they may avoid well-lit areas due to an increased risk of predation (Longcore & Rich 
2004). Reduced activity levels at night are also demonstrated (Jung & Threlfall 2016). For the Common Pipistrelle 
Pipistrellus pipistrellus, considered a light-tolerant species, activity at the city-scale in France was negatively impacted 
when assessing ground-based light (i.e., the location of streetlights) (Pauwels et al. 2019). Light at night also reduces bat 
activity around water, depending on proximity to woodland and linear connectivity (Ancillotto et al. 2019; Barré et al. 
2021). Many of these studies show the impacts of artificial light on insectivorous bats, whereas research on the impact of 
light pollution on FF is limited. Although some studies of FF, suggest that light in urban areas may attract FF camps, due 
to increased light helping with navigation to a camp (Tait et al. 2014). Other studies assume that increased light nearby a 
camp may have similar negative outcomes to those of insectivorous bats (Jung & Threlfall 2016). However, in the case of 
the Cussen Park camp, with the introduction of an appropriate buffer zone between the camp and housing developments, 
increased artificial light within housing developments is unlikely to impact the camp.  

As FF preferentially roost near water (amongst other factors) in urban and peri-urban environments (see Section 4.1), 
planning for the drainage basins will also be important. Insectivorous bats species richness and activity levels around 
water have been recorded to increase when woodland was within 1 km of a waterbody and when linear connectivity, such 
as natural banks (vegetated) or hedgerows were included at waterbodies (Ancillotto et al. 2019). Similarly, for FF, the 
addition of extra waterbodies nearby the existing camp may have the potential to increase camp numbers, if the area 
adjacent to the new basins are treed. Camp site preferences in LRFF has been characterised by distance to the nearest 
�Z�D�W�H�U�F�R�X�U�V�H���D�Q�G���³greenness�´���R�I���D���V�L�W�H�����D�V���R�S�S�R�V�H�G���W�R���O�R�F�D�O���W�U�H�H���D�Q�G���V�K�U�X�E���K�H�L�J�K�W���R�U���F�R�Y�H�U��(Macdonald et al. 2021). 
Although, increases in food resources is more likely to encourage GHFF range or camp expansion, rather than the 
addition of new waterbodies (Williams et al. 2006). Planning vegetation plantings around these potential drainage basins 
will need to be considered as part of the Precinct Structure Plan and any future housing developments.  

4.5 FF and climate change 
An overarching consideration for FF management in Victoria is climate change, which will directly and indirectly affect 
the species through its influence on the future distribution, extent and quality of FF habitat and the frequency, intensity 
and distribution of threats (Parris & Hazell 2005). The challenges of climate change for FF include (Parris & Hazell 
2005): 

�v  Increased frequency, severity, and duration of extreme weather events, including heatwaves, droughts, floods, and 
storms. 

�v  Increased frequency, intensity, and extent of wildfire, affecting camps and foraging resources. 

�v  Rising sea levels, potentially affecting habitat in coastal regions. 

�v  Changes to freshwater flows, levels, and regimes (including wetlands and estuaries), which may affect GHFF 
habitat. 

�v  Changes in the composition of plant communities and the range of important habitat species, including food and 
shelter trees. 
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�v  Changes to plant growing seasons, including alterations to the timing and abundance of fruiting and flowering 
resources. 

The greatest single threat of climate change on GHFF is extreme heat events where thousands of individuals within 
camps and across regions can die when temperatures exceed 40�±42°C (Welbergen et al. 2008). The severity of heat 
events is exacerbated when these temperatures are reached on multiple consecutive days, when camps contain vulnerable 
cohorts (e.g., juveniles in December and January and adult males in February) and in camps with low levels of shade.  


























































































