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Executive Summary and Recommendations

This report presents a state-wide summary of licensed activity under the National
Parks and Wildlife Act 1974 and the DEC Policy and Procedures for the Mitigation of
Commercial Crop Damage by Flying-Foxes (See Appendix 1).

For the 2004/05 season;

• 27 licences were issued to harm a total of 853 Grey-headed Flying-foxes (GHFF).
No variations were issued this season.

• The majority of licences were issued between October and December 2004.

• The NSW quota is 3040 GHFF.  The DEC allocates 2432 to the Regions at the
start of the season based on previous history of issuing licences and holds the
remainder in reserve unless further allocations are required.  

• Additional allocations were requested by Northern Rivers, North Coast and
Sydney Regions as these regions either did not have or had a very small initial
allocation. 

• Licences were issued in Northern Rivers, Central Coast Hunter, Sydney North,
Sydney South and Blue Mountains Regions. 95% (26) of the licenses were
issued by DEC Central Branch across 4 Regions.

• While we assume the maximum numbers were killed as permitted under licence,
at least 14 out of 18 licensees who have returned their FFRS reported shooting
significantly fewer animals than permitted.  In fact, 6 of these licensees reported
killing no GHFF at all this season. 

• A workshop was held in April to discuss the current Policy with relevant field staff.
A number of amendments were recommended to ensure the policy and
procedures are both efficient and effective in the field.  These amendments have
been incorporated into the Policy for use in the 2005/06 season (Appendix 3).

• The population of GHFF Count was estimated as 425,000 at the National in April
2004.  A national count was conducted in May 2005, however final population
estimates are not yet available.

• Based on recommendations from the National Flying-fox Working Group, the
minimum population estimate, established in 2001, will continue to be used to
calculate State quotas until the end of the 2005/06 season. NSW’s annual quota
will remain at 3040.

It is recommended that
• the amended Policy and Procedures for the Mitigation of Commercial Crop

Damage by Flying-Foxes (Appendix 1), be approved for implementation in the
2004/05 fruit season. 

• that the quota for the 2005/06 season remain at 3040 GHFF for NSW and be
distributed as outlined in Table 2.  `
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1 Introduction
This report presents a state-wide summary of licensed activity over the 2004/05 fruit-
growing season under the National Parks and Wildlife Act 1974 and the Policy and
Procedures for the Mitigation of Commercial Crop Damage by Flying-Foxes (the
Policy), (Appendix 1). The term ‘flying-fox’ in this report will refer to all three species
of Pteropus found in NSW (the black, grey-headed and little red flying-fox ) except
where specified.

Flying-foxes are known to feed on commercial and domestic fruit crops when native
food sources are scarce or low quality.  All flying-foxes are protected in NSW and it is
an offence to harm them under the NPW Act.  The Black flying-fox (BFF) was listed
on Schedule 2 of the Threatened Species Conservation Act 1995 in 1995 and the
Grey-headed Flying-fox (GHFF) was similarly listed in 2001, giving these species
additional protection.  

The NPWS (now Department of Environment and Conservation and heretofore
referred to as the DEC) developed a policy in 1998 to assist farmers in mitigating
crop damage caused by flying-foxes.  This policy advocated full exclusion netting as
the only reliable method for protecting fruit crops, but also made provisions for the
issue of licences under s121 of the NPW Act to permit fruit growers to harm a limited
number of the two then protected species (GHFF and Little red flying-foxes (LRFF))
by gunshot only in circumstances where netting was not feasible. Under the Policy,
farmers were encouraged to shoot to scare, however it was understood that
incidental and direct harm were likely to occur. 

When the NSW Scientific Committee made a Final Determination to list the GHFF as
a vulnerable species in 2001, this created a need to develop a new policy to contain
provisions for both threatened and protected species. Further, the Director General,
NPWS made the commitment that licensed killing of the GHFF would be phased out
over 3 years to ensure the long term sustainability of this species.   An interim three-
year policy was prepared by the DEC in consultation with the NSW Flying-Fox
Consultative Committee (FFCC) (a stakeholder group formed to assist the DEC in
developing a management strategy that would address all stakeholder needs).The
Policy was finalised in October 2001 and an amended version formally adopted in
August 2002.

The GHFF was listed as a threatened species by the Commonwealth in 2002.  Since
that time a national working group has been formed comprising representatives from
all States where the GHFF is found.  This group is coordinated and chaired by the
Department of Environment and Heritage.  The national group has agreed to abide
by a quota system for licenced harm to the GHFF whereby each State is allocated a
quota each year based on a percentage of the most recently established minimum
population estimate of the GHFF. It has been agreed that this quota system will
remain current until after the 2005/06 growing season after which the status of the
GHFF will be re-assessed by the Commonwealth Scientific Committee. Under this
system NSW has a quota of 3040 GHFF per year (0.95% of the minimum population
estimate).

Recovery planning for the GHFF is now co-ordinated nationally and in NSW through
the Environment Protection and Regulation Division (EPRD) of DEC. A staff member
from EPRD acts as the Executive Officer for the FFCC (Kylie McClelland).
Management of the Policy and review of licensing is conducted by the Coordinator
Wildlife Management (CWM) of Parks and Wildlife Division (PWD) of DEC. Licences
are issued by Regions within three Branches of PWD: Central, Northern and
Southern. 



An annual review of licence applications and licences issued has been conducted by
the DEC each year from 2001. In previous years, this review has been published in
extensive reports written by the CWM.  These reports include a summary of data and
an analysis of trends and comparison with previous years. 

2 Review of Licences Issued 2004/05
2.1 Licences Issued
A summary of the s120 licences issued under the Policy during the 2004/05 fruit-
growing season is provided at Table 1.  

It should be noted that although accurate information is provided on the number of
licences issued by DEC and the number of flying-foxes allowed to be harmed, not all
information requested from licencees has been supplied to the Wildlife Licensing and
Management Unit (WLMU). This means that full data could not be analysed for this
report. Information yet to be received by WLMU includes that recorded on licence
applications (such as the type and area of crop being damaged). 

Allocations for the 2004/05 season are set out in Table 1.  Additional allocations were
requested by 3 Regions; Northern Rivers, North Coast and Sydney, based on either
a nil or very small initial allocation. Neither North Coast nor Sydney Regions issued a
licence and Northern Rivers has so far stayed within its original allocation.

A total of 27 orchardists were licensed under s120 to harm GHFF in 2004/05 over 5
Regions of DEC (Northern Rivers, Central Coast Hunter, Sydney North, Sydney
South, Blue Mountains). One licence issued in Northern Rivers Region also permitted
harm to LRFF and BFF. No variations to original licences were sought this year.

Almost all licences were issued by Central Branch (97%).  Within Central Branch,
50% of licenses were issued by Sydney North Region (SN), 23% by Sydney South
Region (SS), 15% by Blue Mountains Region (BM) and 12% by Central Coast Hunter
Region (CCH). The regions varied in the number of animals they permitted per
licence so that SNR issued licences that covered 52% of the GHFF harmed in
Central while licenses issued in SS covered 23%, CCH 18% and BM only 7% of
GHFF harmed (see Fig. 1). 

Fig. 1. Percent of licences issued per region and percent of GHFF permitted to be
harmed per region. 
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The earliest licence issued was on 14 October 2003 by Sydney North Region to a
stonefruit grower and the latest licence was issued on 22 April 2005 by northern
Rivers Region to a guava grower.

2.2 Flying-foxes Harmed
A total of 852 GHFF were permitted to be harmed in NSW under the 27 s120
licences issued in 2004/05. An additional 5 LRFF and 3 BFF were permitted to be
harmed. 

It is typically assumed that the number of flying-foxes covered by licenses will be
killed over the season. In fact, it is often likely that a higher number of animals are
harmed as the fruit growing season coincides with the breeding season and the
dependent young of adult females killed in orchards will also likely die.  In addition,
some orchardists may overshoot the number specified on their licence.  

As per condition 5 of their licence, licensees are required to fill in a Flying-fox Record
Sheet (FFRS) detailing the number of flying-foxes killed each night and return the
completed FFRS to the local DEC office when their licence expires.  Information from
the returned FFRS is used to determine the number of GHFF actually harmed each
season.  However, not all licensees comply with this condition, and there is typically
some data missing each year, making this an inaccurate method of assessing actual
harm. Actual numbers harmed, based on FFRS, have not been provided for Northern
Rivers Region and Upper Mountains and Nattai Areas. 

The maximum number of flying-foxes expected to be harmed throughout the season
is that listed on the licenses, e.g. total of 852 for 2004/05.  So far, 18 FFRS (56%)
have been returned, noting actual harm to 241 GHFF.  The licences for these 18
orchardists permitted harm to a total of 610 GHFF.  However, 6 of these licensees
reported that no GHFF were harmed and a further 10 reported harming fewer
animals than permitted on their license.  



Table 1: Licence information regarding allocation, number of licences and number of GHFF harmed for the 2004/05 fruit growing
season.

DEC
Directorate

Region Allocation
at Start of
2004/05
Season

Additional
Allocation 

Number
licenses
issued

Total Number
GHFF
Licensed to
be Harmed 

Number
FFRS
returned

Actual Number
GHFF Harmed*

Northern Rivers 16 34 1 12 0
North Coast 0 25 0 0 -Northern
Hunter/Mid-North
Coast

31 0 0 -

Central Coast Hunter 1043 3 150 3 67
Sydney North 887 13 435 10 153
Sydney 0 20 0 0 -
Sydney South 390 6 195 2 20

Central

Blue Mountains 65 4 60 3 1

Southern South Coast 0 0 0 -

TOTAL 2432 2511 27 852 18 174

*Information based on returned FFRS. Note that not all of these have been returned, thus this is an underestimate of actual harm across NSW.



2.2 Affected Crops
The s120 licence application form requests information on the type and area of fruit
crops potentially vulnerable to flying-fox damage and on the area actually damaged. 

Crops reported being damaged this season included peaches, plums, nectarines,
loquats, apples and guava.  Stonefruit was the most common type of crop affected by
flying-foxes.

Crop area ranged from 2.5-40 ha with an average size of 11 ha.  Area of damage per
crop ranged from 1-30 ha with an average of 7 ha of damage.

2.3 Enforcement and Legal Action
Limited investigations and compliance checks were undertaken by the DEC due to
limited resources and unclear legal position.  No legal action relating to the licensing
of flying-foxes was taken against any licenced grower or other member of the public
this season. There was also no action taken against the DEC.

2.5 Discussion and preparation for 2005/06
The number of flying-foxes impacted each year is variable, as are the areas where
damage is likely to occur.  Table 2 below demonstrates the changes seen over the
last 5 years in the number of licences issued per Region.  As has been noted in
previous reports, the number of licences issued and the general scope of the
problem has decreased dramatically in the northern Regions.  This may be due to the
fact that many farms now net crops or may be due to changes in flying-fox
distribution, foraging strategies or available native food sources.  

Table 2: Comparison of Licences issued over past 5 seasons, noting the number of licences per
Region and the (number of GHFF licensed to be harmed). 

DEC
Directorate

Region 00/01 01/02 02/03 03/04 04/05

Northern Rivers 20 (915) 5 (250) 5 (205) 2 (15) 1 (12)
North Coast 5 (115) 1 (10) 0 0 0
Hunter 1 (20) 0 0 1 (30) 0

Northern

Northern
Tablelands

2 (55) 0 0 0

Central Coast
Hunter

12 (500) 10 (616) 11 (900) 12 (923) 3 (150)

Sydney North 17 (570) 22 (590) 26 (828) 25 (850) 13 (435)
Sydney 1 (15) 1 (21) 1 (35) 1 (20) 0
Sydney South 5 (88) 4 (155) 9 (380) 7 (389) 6 (195)

Central

Blue Mountains 4 (50) 7 (115) 9 (107) 6 (121) 4 (60)

Southern South Coast 2 (40) 1 (20) 1 (20) 1 (20) 0

TOTAL 67 (2313) 54 (1852) 62 (2358) 53 (2331) 27 (852)
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This annual variability in flying-fox presence and persistence in fruit crops is one
important reason that this issue is so difficult to manage.  Farmers cannot predict
year to year the level of damage they may expect. This makes it difficult to form a
cost effective property management plan.  For example, while netting is the only
reliable means of excluding flying-foxes and thus providing complete protection to a
fruit crop, it is an expensive venture beyond the means of many farmers, particularly
when there is little guarantee that flying-fox predation will be an ongoing and annual
threat to their crops.  For a farmer facing significant damage each year, such a cost
is worthwhile.  However, when damage is sporadic year to year, the high cost makes
this solution less attractive.  

In the 2004/05 fruit season flying-foxes were considered by DEC field offices to be of
minimal concern this season.  Requests for licences were low- half of the number
issued in previous years- and licences were issued for far fewer animals due to the
lack of requests for variations once the maximum number of animals per licence had
been reached. 

The low number of licences may reflect a season where native food sources were
abundant or may reflect a slight shift in attitude by fruit farmers towards shooting
flying foxes or acquiring a licence to do so. Reports from field staff, researchers and
conservation groups that flying-foxes were present, in numbers at the camp sites.
However, many farmers who have applied for licences in the past reported little or
short term flying-fox activity in their orchards.  

There was still damage to fruit crops reported by, at least, the 27 farmers who
applied for licenced this year, some reporting quite extensive damage.  This further
illustrates the inconsistent nature of damage by flying-foxes. 

Unfortunately no other alternative deterrents to shooting have been identified.
Research into decoy feeding sites has demonstrated that there may be some
promise in this technique, but more research is required to confirm this and identify
reliable means of supplying such an alternative food source (see research synopsis
in Appendix 2).  

The FFCC has concluded after several years of investigation, discussions, research
plans that the solution lies in encouraging farmers to net their properties by providing
a reasonable incentive to do so.  Proposals to achieve this generally rely on some
form of subsidy, e.g. government grants.  The FFCC and its members are working
towards promoting this suggestion to the NSW and Commonwealth government.

In the short term, the DEC will continue to issue licences as per the DEC Policy in the
2005/06 fruit growing season.  The national status of the GHFF will be reviewed by
the Commonwealth at the end of the season and, pending that decision a full review
of the DEC policy will be undertaken.  The DEC will have to consider then its
commitment to end licenced killing of the threatened GHFF.

The NSW quota will be distributed as outlined in Table 3 below.  Allocation has been
based on previous licencing history.  Each Region that has issued licences has been
given at the very least a nominal number of 25 GHFF each.  For those Regions that
issued licences in the last year a further allocation has been issued based on the
percentage of GHFF for which licences were issued last season.  A reserve amount
of 608 GHFF is held by the CWM and will be allocated on request to Regions
throughout the season as detailed in the DEC Policy.  



Table 3: Proposed Allocation of State Quota for 2005/06 Season
DEC
Directorate

Region Allocation
at End of
2004/05 

Number of
GHFF licenced
to be harmed
2004/05

Allocation for
2005/06*

Northern Rivers 50 12 47
North Coast 25 0 25Northern
Hunter 31 0 25

Central Coast Hunter 1043 150 700
Sydney North 887 435 886
Sydney 0 0 25
Sydney South 390 195 536

Central

Blue Mountains 65 60 163

Southern South Coast 0 0 25

TOTAL 2511 852 2432
* 2432 allocated, 608 maintained in reserve to be allocated as needed by the CWM. 

3 Policy Debrief
A debrief was held on 28 April 2005 to discuss the current DEC Policy with field staff
who are responsible for its implementation.  All Regions who have issued licences
under the Policy were invited to send a representative to the debrief or to provide
comments for consideration and discussion.  

Representatives from 5 Regions attended the debrief and a further 4 individuals sent
in comments for discussion.  Appendix 3 contains an outline of the main items of
discussion at the meeting.  

The debrief focussed on the procedural element of the Policy, noting sections that
needed to be improved or changed to provide for more effective and efficient
implementation in the field.  Based on the discussion a number of changes were
made to the Procedural Guideline section of the Policy, including:
• Licence application form re-designed in an easy to fill out format requiring

essential information only;
• Clear statement that applications will not be processed until complete;
• Changes made to the number of shooters permitted on each licence;
• New form created for additional shooters to sign notifying them of their

responsibilities under the licence;
• Amendments made to the FFRS, requiring only essential and useful information;
• Revisions made to sections on inspections and PMPs;
• Development of a database for complaints from the public to be maintained by

the CWM.

Appendix 1 contains the full revised policy that will be submitted for endorsement for
the 2005/06 fruit growing season.  

Legal advice was sought on the best means to ensure additional shooters are bound
by the licence conditions and on legal stance of supply of personal information on
firearm licences from licence applications to the NSW Police Service. The advice has
been received and incorporated into the policy.  Additional advice was also provided
on licence conditions which has been duly incorporated. 
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The issue of humane disposal of injured animals and dependent young was raised at
the debrief and subsequently referred to AWAC.  Their response has been received
and it was agreed by AWAC that re-shooting with an appropriate firearm, most likely
a shotgun, targeting either the head or thorax would be the most humane and
practical method of euthanasia of flying-foxes during pest control operations. This
advice has been incorporated into the appropriate section of the Policy, and the
licence conditions.  

Research priorities identified by field staff included effectiveness of shooting as a
deterrent, management of heat stress and levels of lyssavirus in the flying-fox
population.  

Overall the debrief was a very useful session and the procedural guidelines has been
improved by the comments and discussion provided.  It is anticipated that a review of
the full policy will take place next year, focussing on developing appropriate policy
statements and bringing the document in line with DEC standards.  

4 Annual GHFF Count
4.1 2004 Count
The following is an excerpt from the report prepared by Dr P. Eby on the National
count held 3-4 April 2004 (Eby 2004). 

The count conducted in April 2004 is the 10th count to be held since July 1998 and
the third funded by the government agencies responsible for the management of
flying-foxes.  

The estimate of total abundance from this count was 425,000, which was equivalent
to the 2003 estimate and higher than estimates made in 1999 and 2001.  The
variations in these estimates likely reflect a combination of counting error and natural
fluctuations in abundance.  The counting methods are open to error from several
sources, some of which are assessed. 

The relative distribution of GHFF in April 2004 was in keeping with patterns found in
previous autumn surveys. The species was dispersed throughout the coastal areas
of its range.  A low proportion of the population occupied camps in Queensland while
a relatively high proportion was located south of the Hunter River.  An unusual
feature of this survey was that no significant flowering occurred on the south coast of
NSW or in East Gippsland.  This anomaly was associated with an unusually large
population estimate for the Melbourne/Geelong metropolitan areas.  Both the number
of mixed species camps and the proportion of the total estimate of GHFF that
occupied mixed species camps was greater than in previous autumn counts,
maintaining a trend associated with the ongoing southern expansion to the range of
Black flying-foxes.  

There is new evidence that estimates of total abundance from these counts describe
actual fluctuations in the population.  A close positive relationship exists between
abundance estimates made in April and reproductive output, a variable that directly
affects abundance in this month (measured by % females with young pre-weaning)
(R-sq = 89.9%). This result should be treated with caution as it is based on limited
data. However, it does suggest the national counts are of value in monitoring the
population of GHFF.



4.2 2005 Count
the 2005 National Count was conducted on 21-22 May 2005.  This count was
coordinated by Queensland and a final report is not yet available.  

4.3 Resourcing Coordination of the Count
Resourcing for and coordination of the National Count in NSW has in previous years
been through NSW NPWS Biodiversity Management Unit. The Threatened Species
part of this Unit now resides in EPRD and will maintain its function in facilitating the
annual count in NSW.

5 Developments in Non-lethal Deterrents and other Research
The FFCC, established in August 2001, has developed a list of priority research.
Funding that has been made available through the DEC, Commonwealth and other
sources has then been channelled into these research projects where possible. 

Projects that have been undertaken or completed in the last year include:
• food preference
• decoy feeding 
• attitude survey of fruit growers and the community
• ranking and mapping of foraging habitat for flying-foxes in NSW
• characteristics of flying-fox camp sites

Appendix 2 contains a brief synopsis of each project.  Should further funds become
available the FFCC highlighted continuation of the ranking/mapping project and
development of a technique for damage assessment as priority areas followed by
investigation of roost site characteristics should further funding become available. 

6 References
Eby (2004). National Count of Grey-headed Flying-foxes April 3 & 4 2004.  Report to
the Department of Environment and Heritage, Queensland parks and Wildlife
Service, NSW Department of Environment and Conservation and Victoria
Department of Sustainability and Environment.

NPWS (1999). Review of the implementation of the NPWS Policy on Flying-fox and
Mitigation of Commercial Crop Damage, 1998-99 fruit growing season. NSW NPWS,
Hurstville, NSW.

NPWS (2000). Review of the implementation of the NPWS Policy on Flying-fox and
Mitigation of Commercial Crop Damage, 1990-2000 fruit growing season. NSW
NPWS, Hurstville, NSW.

NPWS (2001). NPWS policy and procedures for the mitigation of commercial crop
damage by Flying-foxes. NSW NPWS.

NPWS (2001a). Review of the implementation of the NPWS Policy on Flying-fox and
Mitigation of Commercial Crop Damage, 1990-2000 fruit growing season. NSW
NPWS, Hurstville, NSW.

NPWS (2002). Annual review of the NPWS policy on flying-fox and mitigation of
commercial crop damage for the 2001-2002 fruit growing season. NSW NPWS,
Hurstville, NSW. 



13



Appendix 1

DEC Policy and procedural guidelines for
the mitigation of commercial crop damage

by flying-foxes. 



Appendix 2
Research supported by the NSW Flying-fox Consultative Committee and
undertaken or completed in 2004/05.

The NSW Flying-fox Consultative Committee was formed in August 2001 and
includes representatives from the NSW Department of Environment and
Conservation, NSW Department of Primary Industries, RSPCA, NSW Nature
Conservation Council, NSW Farmers’ Association, BananasNSW, Lgov NSW, the
scientific community and the Commonwealth. The Committee has determined a list
of priority research projects some of which have been funded through the
Commonwealth and through the Koala and Endangered Species Trust.

Ranking and Mapping of Grey-headed Flying-fox foraging habitat in NSW.
Peggy Eby, Brad McFarlane.

The aim of this project is to interpret existing data on the feeding behaviour of the
GHFF and the flowering and fruiting characteristics of diet plants in a way pertinent to
recovery planning and habitat management, and to use objective methods that are
clearly defined and repeatable.  

The steps involved are:
1. rank diet plants by significance to Grey-headed Flying-foxes
2. rank foraging habitat by significance to Grey-headed Flying-foxes
3. generate digital maps
4. make recommendations for habitat retention, restoration and

rehabilitation programs.

Peggy Eby provided an update on the status of the project and demonstration
of its potential outcomes.

The process so far has involved: compilation of a comprehensive list of diet
plants; assignment of monthly flowering phenologies to diet plants;
development of a protocol to score diet plants by characteristics of nectar
secretion; generation of nectar scores for diet plants; development of a
protocol to rank habitats by their significance to GHFF; ranking of habitats and
generation of digital maps from which to make recommendations.

Criteria for ranking flowering plants – Characteristics of nectar secretion:
productivity; annual reliability; duration of flowering.

Criteria for ranking habitats – Biological importance: productive during periods
of general food scarcity; support pregnant or lactating females; support large
camps; productive during periods critical to fruit industry.

Has NSW gone ‘batty’ over Flying-foxes? A survey of interactions between
humans and flying-foxes in NSW. 
Guy Ballard, PhD Candidate, Ecosystem Management, UNE, Armidale NSW.
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Grey-headed Flying-foxes, Pteropus poliocephalus, are the focus of a complex wildlife
management scenario in NSW. Whilst the species is listed as vulnerable, and
subsequently requires conservation management, these animals can be responsible for
severe damage to fruit crops, in turn causing significant impacts on the livelihood, and
welfare, of commercial fruit growers.

In this project, community meetings and questionnaire-based research were used to
provide some insight into stakeholders’ experiences with, and attitudes towards flying-
foxes. These techniques were applied to commercial fruit growers and members of the
public within the range of the Grey-headed Flying-foxes (GHFFs) in NSW to benefit future
management of the species.

Overall, fruit growers responded negatively toward flying-foxes. Whilst this result was not
surprising, the additional data collected provide important context for these negative
sentiments, recording in detail why growers find these animals to be problematic and how
they would prefer to interact with them.

The vulnerable status of the GHFF was rejected by most grower respondents and,
similarly, the majority of this group indicated that there should be no restriction on the
number of flying-foxes that they can shoot to protect their crop. Most growers reported
that flying-foxes were a significant problem for the fruit growing industry and also reported
significant damage to their crops each year. Estimates of annual crop losses varied
between participants but a mean estimate of 17% loss per crop, per annum was
recorded.

Further, more than half of grower respondents ranked flying-foxes as the greatest
negative impact on their fruit crop, relative to other factors such as birds, disease, storms
and insect pests. Many also stated that they felt that flying-foxes actually prefer
commercial fruit over native foods and that problems occur because there are too many
flying-foxes.

In terms of crop protection methods, participating growers reported that the most popular
methods involved firing guns to either kill or scare flying-foxes. 

Little use of netting was reported, due to high associated costs and the belief that it was
an impractical method for some crop types in NSW, e.g. bananas. Interestingly, most of
the growers that used netting indicated that it was worthwhile, whilst more than half of
responding growers reported that non-netting crop protection methods were ineffective.

Clearly, interactions with flying-foxes are not limited to growers and by asking many of
the same questions of public stakeholders, a societal context for growers’ beliefs and
preferences was developed. In contrast to the surveyed growers, respondents from the
three public stakeholder groups, representing north, central and southern regions of
coastal NSW (Zones 1, 2 and 3 respectively), displayed an overall positive attitude
toward flying-foxes.

The results showed that increased experience with flying-foxes was frequently associated
with a more negative view of the animals. As such, growers were the most negative
stakeholder group, followed by Zone 1 respondents, who indicated higher levels of
contact with flying-foxes than Zone 2 and Zone 3 public participants respectively. 

Overall, growers frequently differed significantly from each of the 3 public stakeholder
groups in terms of their responses to questions. Importantly, this research also revealed
significant differences between the 3 public groups, demonstrating a previously unknown
heterogeneity among public stakeholders.

In addition to providing information specific to the flying-fox management scenario in
NSW this research project also demonstrates the potential value of human dimensions



research for wildlife management in Australia. By carefully engaging a diverse range of
stakeholders, managers now have a clear idea of not only stakeholder preferences for
management options but some understanding of the basis of these preferences in terms
of experiences with flying-foxes. Gathering such information is a key step in facilitating
wildlife management that optimises stakeholder compliance and support.

The Roost Preference of the Grey-headed Flying-fox in New South Wales. 
Lee Peacock, Veterinary student, University of Sydney.

Like many flying-fox species, the Grey-headed Flying-fox (GHFF) is gregarious and
during the day is known to roost in colonies, or camps, that can number in the range of
thousands of individuals. This species is known to show a peculiar fidelity to particular
sites, and a recent phenomenon is seeing some sites being utilised year-round.

Human conflict has arisen over some camps, especially those sites situated in urban
settings. The primary cause of angst differs between the camps and depends on the site
and what it or the immediate surrounds are used for. For example, Sydney and
Melbourne Botanic Gardens have both been home to flying-fox camps and the major
cause for concern in these sites has been the damage sustained by trees from them
being used as roosts. Sites adjacent to residential housing can become controversial due
to the perceived odour and noise associated with flying-fox camps. Management of such
problematic sites has thus far been limited to driving the animals away.

The operation to move flying-foxes from Melbourne Botanic Gardens involved the
identification of an alternative roost site into which the flying-foxes were to settle. Some
have considered this venture to be successful, despite the flying-foxes not moving into
the proposed site. Flying-foxes will continue to try to return to the gardens and thus
deterrence is likely to be an ongoing part of managing this site to keep it free from flying-
foxes.

Studies investigating the roosting ecology of the GHFF will enable a better understanding
and hence improve the approach to management and conservation of known roost sites
as well as potential roost habitat. If specific characteristics are known to influence the
selection of sites then the prediction of potential sites can be made with greater success.
The application to future management of this species is invaluable.

Roost site characteristics previously identified as important in a range of flying-fox
species, including other Australian species, encompass landscape properties such as
proximity to water and aspect, and the micro-climate related to humidity and temperature
within the roost site.

An investigation into the roost preference of the GHFF discovered that, as expected,
linear waterways are an important landscape feature for the selection of roost sites, as is
an aspect ranging from East through to South. These conclusions are the outcome of a
recent study looking at the roost preference of the GHFF. The landscape data were
gathered for 44 roost sites in New South Wales (NSW). Other data such as remnant
width, distance to coast, and distance to the nearest flying-fox camp were also recorded
and analysed, but these offered no conclusive results.

In addition, 25 known roost sites in NSW were visited and the vegetation of each of these
sites was surveyed. Tree variables such as tree height, basal area, bark texture and
colour, and branching angle were recorded for each tree within a plot at each site.
Canopy variables were also recorded and encompassed leaf attributes, canopy shape
and density, and canopy strata.
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From the vegetation variables that were considered, significant variation exists between
sites, indicating a low level of preference at this scale. The variation can mostly be
explained by the range of vegetation types utilised by this species. Vegetation types
observed included Palm Forests, Casuarinas, Rainforests, and Mangroves. There were
also a small number of sites that didn't fit into these categories, and these were lumped
into a singular group - Riparian. The use of such different vegetation indicates a great
tolerance to many vegetation characteristics.

Tree species were not considered in this particular study, however a pattern was
observed. Individual sites seem to be present where there is a low diversity of tree
species, and hence each site could be categorised according to a predominant tree type
as mentioned above. For example, within a moderately sized remnant of relatively
uniformly diverse rainforest, the flying-fox camps would be located in a small patch of
Palms, or a stand of Black-bean trees, etc.

Studies looking at the behaviour of flying-foxes suggest vision and olfaction to be
important senses. Whilst not measuring it directly, the results of this roost study indicate
that visual cues may be important in site selection, whether it be a linear landscape
feature or an easily identifiable stand of trees within a remnant. Cues can be important
for navigational purposes to enable flying-foxes to find their way back to the camp site
before sunrise with minimal expenditure of energy.

The overall outcome of this study has been to provide something to base further
investigations upon. Whilst the results suggest that the GHFF population in NSW does
not seem to be selecting sites by tree characteristics, preferences are seen at the
landscape level. The fidelity shown towards roost sites is strong evidence that there are
factors limiting the flying-foxes to these sites. Whether it is a true preference or selection,
or an artificial outcome through loss of habitat is still unknown.

Future studies should be directed at characteristics at the landscape level, in particular
visual cues that could be influencing site selection. As long as selection criteria remain a
mystery, the management of this species will remain as it is and predictions of potential
roost sites will continue to elude us.

Mitigation of damage by Grey-headed Flying-foxes using decoy feeding
Kevin MacFarlane, Masters of Applied Science, (Wildlife Health and Population 
Management), University of Sydney.

The Grey-headed Flying-fox (Pteropus poliocephalus) is a native animal of the
Australian east coast, found from Bundaberg in Queensland to as far south as
Melbourne in Victoria. The flying-fox has experienced a decline of approximately 30%
over the 30 years prior to 1999 by population estimates1 and this entitles it to be
listed as a vulnerable species (under the NSW Threatened Species Conservation Act
1995 and the Commonwealth Environment Protection and Biodiversity Conservation
Act 1999). Despite a long history of human conflict and interest and its conspicuous
presence in major cities, the biology, ecology and behaviour of flying-foxes remain
little understood. It belongs to the Family Pteropodidae, which are internationally
regarded as fruit eaters, and in African studies significant life-cycle events are often
correlated with abundance of native fruits2. Because fruits provide little protein it has
been suggested flying-foxes often supplement their diets with pollen, leaves and
insects3. Australian pteropodids seem to be an exception, where nectar and pollen
seems to play a more important role than fruits. Some experts say “The Grey-headed
Flying-fox (GHFF) must be acknowledged as highly significant to the health and
maintenances of many ecosystem in Eastern Australia4”. Evidence has been put
forward that it provides unequalled ecosystem services of pollination and seed



dispersal for a wide variety of native trees, including commercially important
hardwood and rainforest trees5, 6.

All these facts are often quoted by conservationists, but it doesn’t help the plight of
hundreds of fruit growers up and down the east coast of Australia who lose
significant portions of their crop to seemingly plague proportions of these fruit bats
every year. The bat has been known to attack crops of coffee, pear, lychee, apple,
avocado, mango and cherry, but most significantly does damage to banana and
stone-fruit crops. To protect crops, growers have been shooting the GHFF for over
100 years, and though their numbers may be in decline, it appears the problem is
getting worse. The most likely explanation is the loss of native food (nectar) trees by
logging and urbanisation across the range of the bat, resulting in many having to
resort to invading orchards to find food. Shooting under licences issued from the
Department of Environment and Conservation appears to have little impact on crop
losses, as do several other aversion techniques like strobe lighting, ultrasound and
driving quad bikes and utes through the crop.

As a result, growers and flying-fox advocates alike have called for alternative
methods of damage mitigation to be investigated until a proven method is found. One
such possibility considers an animal’s most basic instinct – to feed itself. Termed
decoy feeding, it supposes that shooting, noise or lights will not stop a hungry animal
getting to what it perceives as its only food source. Surely the answer will be to
provide the animal with something else to eat. The method has been used
successfully to deter birds from grain crops, insects from vegetables and even grizzly
bears from campers! As long as the cost of providing this food source is less than the
cost of the food that would have been lost, then the undertaking is worthwhile. The
trick is in getting the fruit bats to feed from the decoy with the minimum amount of
effort.

Previous successful uses of decoy feeding agree on some basic principles. Firstly
the cost one mentioned above, but the decoy food also has to be more attractive
than the crop being protected. This can be achieved in a variety of ways, either by
the decoy being more attractive by choosing a preferred food or by making the decoy
more accessible, or making the decoys seem more attractive (eg. using smell, visual,
sounds cues) or by making the crop less attractive (eg. odour masking agents, or a
variety of deterrents that are already being used). Although current aversion methods
have had little success, many growers already use these methods and they should
ultimately prove more effective if the animal has an alternative food source where it
will not be bugged with strange lights, noises and smells.

We conducted a study in the summer of 2003–2004, to test the possibility of decoy
as a crop protection method for flying-fox attacks on commercial orchards. A
previous study completed by an honours student, Praveen Gopalan, established food
preferences of the GHFF. Varieties of stone-fruit were tested against several apples,
pears, mangoes, banana, native blossoms and some artificial nectar substitutes.
Although the nectar substitutes were largely ignored, the favourite food by far was
the blossom. This prompted discussion with various experts and botanists as to the
possibility of using native tree plantations around orchards as decoys, but eucalypts
and closely related trees that make up the bulk of the flying-foxes’ usual food are
notoriously inconsistent at flowering every year and at the right time to protect
particular crops. It seems more likely that other exotic fruit trees will provide food at
that time. It was noted that mulberry bushes fruit for some of the stone-fruit season,
and flying-foxes are regularly seen eating from mulberry bushes.
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At the top of the preference hierarchy, alongside blossom, was banana – while most
of the stone-fruits tested at about a medium preference. Banana is available very
cheaply, is easy to handle and is available for purchase all year round. It is also
sweet and pungent meaning that flying-foxes easily find it, especially in their over-
ripe state which they love and which are constantly being thrown away by orchardists
by the box load. Banana was chosen for the first field study of decoy feeding to
protect stone-fruit crops, and a method for dispensing was devised from some earlier
work done in feeding fruit to wild bats. Plastic mesh bags (like the ones onions are
sold in) can easily be filled with chopped fruit and the contents simply sucked and
licked out by bats. Some of the worst affected stone-fruit areas in NSW are in the
Glenorie and Mangrove Mountain regions to the north of Sydney. Contact was made
with 11 fruit growers in these areas and all were very kind in letting us use their
properties for the decoy feeding trials.

Bags of bananas were placed in windbreak trees around the properties at various
one hour intervals of the night, and the amount of damaged stone-fruit under the
orchard and windbreak trees was measured during those intervals. These
measurements were compared to those taken at one hour intervals in the night when
the decoy bags of bananas were not present in trees. Bag visitation rates were
surprisingly high, with bats consuming, on average, over half the 500g of fruit in each
bag in a time well under the one hour period (not a small amount for an animal
weighing 500-700g!). The bats easily found the bags via smell, and learned to use
the ropes that brought the bags up and down to guide them to the exact branch the
bags hung from. This was highly encouraging, but as this was the first experiment of
its kind, the technique and scale of our damage measurement was insufficient to
establish whether there was a significant reduction in damage. The amount of
damage was lower than anticipated at around 20 pieces of fruit per hour per block of
about 500 trees which made it hard to measure statistical differences. We now know
enough to better design experiments that will tell us if we are on the right track, but
are feeling very encouraged by the results thus far.

Actively feeding the fruit-bats every night will require a fair amount of effort, although
not nearly as much as netting or even shooting, but decoy feeding also has the
possibility of using other fruiting or flowering trees as alternative food sources.
Backyard fruit trees are believed to be the reason we now have large permanent
flying-fox colonies in the major east coast cities. If they fruit at the right time, are a
preferred food source, and are easily accessible, then they may save much of the
crop. It is unlikely that any amount of deterrent in the form of lights, sounds and
smells will deter a hungry animal from a food source, but if the animal gets to eat
something else, something it even prefers or is easier to get to, or by contrast doesn’t
have funny lights, sounds and smells around it, then it is likely the animal will eat the
decoy food instead.
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Food Preference of the Grey-Headed Flying-fox, Pteropus poliocephalus
Praveen Gopalan, Honours, University of Sydney.

Flying-foxes, fruit-bats, megabats and Old-world bats are all terms that refer to a group of
large fruit-eating bats. This group, the family Pteropodidae, consists of approximately 160
species that are distributed throughout the world. In many regions where they occur,
there is conflict between the flying-foxes and fruit-growers as flying-foxes may consume
and damage crops.

In Australia, fruit-growers have viewed flying-foxes as a pest since European settlement.
In the early 1900s fruit-growers actively shot and poisoned flying-foxes to protect their
crops. Currently, culling is only allowed with a licence from the NSW Department of
Environment and Conservation. Full exclusion netting is advocated as the best means of
protecting crop. However, many growers view netting as economically unfeasible, while
other cheaper, non-lethal alternatives such as light and sound deterrents have had mixed
success. Thus, culling still remains a popular means of protecting fruit crops.

In New South Wales, the Grey-headed Flying-fox, Pteropus poliocephalus, is the main
species of flying-fox associated with fruit crop loss. This is an endemic species found
along the eastern coast of Australia, from southern Queensland, through New South
Wales (NSW), down to southern Victoria. The Grey-headed Flying-fox (GHFF) is
protected due to its declining population. The current estimated population of 400, 000
reflects an approximate 30% decline since 1989. It is important that this species is
conserved, as it is thought to aid the pollination and dispersal of a variety of native plants.
As with other Pteropodidae, P. poliocephalus eats a wide variety of fruits. However, the
main food of the species is thought to be nectar and pollen from blossom. It is thought
that the availability of blossom influences the migration of P. poliocephalus, and a
shortage of blossom is often cited as a possible factor that causes P. poliocephalus to
forage in fruit orchards.

Stone fruit and apples are among the crops that suffer the highest losses due to flying-fox
damage in NSW. In NSW the fruiting season of these fruits, and hence the period of
flying-fox culling, overlaps with the reproductive period of P. poliocephalus. This overlap
causes high indirect juvenile mortality when adult females are culled. Mortality of
breeding adults coupled with a high juvenile mortality can be extremely detrimental to the
survival of a species such as this that is in decline, is late in reaching sexual maturity,
and has a low reproductive rate with typically a single young annually. It is thus
imperative that non-lethal methods of alleviating the conflict are found.

An understanding of the feeding behaviour of the GHFF is essential to formulate new
mitigation methods. A series of captive trials were run between September 2003 and
January 2004 to determine the food preference of P. poliocephalus. Pilot studies
revealed that juveniles (sexually immature animals) did not show a clear food preference,
but adults did. This study assessed the food preference of three adult groups (males,
non-lactating females, and lactating females) independently, as these groups may have
different nutrient requirements, which might influence preferences. Each group was
represented by at least 12 animals to reduce the chances of results being skewed by
individuals with unusual preferences. Preference was determined using pair-wise trials,
where one fruit was tested against another. Fruits were presented as 1cm3 pieces to
enable the amount of fruit offered to be standardized. Trials lasted 10 minutes and were
conducted on groups of six animals. A series of trials was conducted between 6.00 pm
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and 12.00 am on each experimental night. A ‘standard- hierarchy’ (four fruits of known
preference) was used as a reference point to enable fruits that were not tested against
each other to be positioned in a single hierarchy (Figure 1).

The study incorporated a variety of fruits: tropical fruits (banana and mango), as wild
varieties of these fruits are closely associated with flying-foxes; apple and stone fruit
varieties because of the high damage levels in NSW; a pear variety; and an avocado
variety due to its unusual nutrient composition (most fruits have a high sugar and low fat
content while avocados are high in fat and low in sugar). A pollen treatment was also
included in an attempt to represent blossom and to provide a high protein food source.
The study also included two possible decoy crops (native figs and mulberries). Decoy
crops are crops grown to draw animals away from valuable crops by providing an
alternative food source.

Stone fruits were tested in two groups. The first group (Rose Diamond nectarine and
Desert Red peach) was selected from two neighbouring orchards from the Glenorie fruit-
growing region when the orchards were facing flying-fox attack. The second group
(Summer Bright nectarine and Rich Lady peach) was selected from the same two
orchards when flying-foxes had stopped frequenting the orchards. Fruits from the first
group were tested in two stages of ripeness, on the day of harvest when fruits were still
unripe, and again at maximum ripeness, as with all other fruit.

For the three adult groups tested, foods trialled were broadly classed into three groups -
‘preferred’, ‘intermediate’ and ‘unpreferred’ - with further stratification within the groups
(Figure 1). Most varieties of apples and stone fruit (crops that sustain high damage in
NSW) were of intermediate preference. In line with anecdotal reports, P. poliocephalus
did show preference for particular varieties of fruit over others, and preferred ripe stone
fruit over those tested on the day of harvest.

The Rose Diamond nectarine, the only ‘preferred’ stone fruit, is a high-sugar and low-acid
nectarine. It is possible the pattern of attacks observed (bats present in orchard when this
variety was in season, and not present for the other nectarine variety) could have been
driven by the presence of this variety. However, the pattern could also have been driven
by other unrelated coincidental factors like the flowering of native trees or a change in
weather. Thus, although it is tempting to conclude that the flying-foxes were drawn to the
orchard in the 2004 fruit season because of the preferred Rose Diamond nectarine,
further monitoring of visitation patterns over a few seasons is needed before a convincing
argument can be made.

Both figs and mulberries were preferred over stone fruit and apples, and therefore could
potentially be used as decoys to protect commercial crops. Port Jackson fig (and possibly
the Moreton Bay fig) would make better decoys compared to the mulberry as the fig
varieties are native to the GHFF’s range, while the mulberry is an introduced species.
Furthermore, figs are often available throughout the year, while the fruiting period of the
mulberry only partially overlaps the stone fruit season and does not overlap the apple
season. Although suitable in the Glenorie fruit-growing region, both figs and mulberries
would be unsuitable as decoys in northern NSW in areas where tropical fruit are grown
as the possible decoy fruits as less preferred to the tropical fruits grown in that region.

It is important that the fact that these results are from a captive study is taken into
account. In the wild, an animal’s foraging pattern is not driven purely by preference. A
host of other factors such as the position of fruit on trees, or the amount of fruits per tree,
may influence the food an animal chooses to eat. Therefore, based on this study, one
can confidently say that in a controlled situation, P. poliocephalus is more likely to eat a
banana compared to an apple, but one cannot say with any confidence that if there is a
stand of bananas 10km to the south of a P. poliocephalus colony and a stand of apples
10km north of the colony, that the bananas would be targeted more. However, food



preference studies on herbivores have shown that captive trials can mirror food choice in
the wild accurately.

Although this study has given some insight into the food preference of the GHFF, further
research is needed to adequately address the conflict between this species and fruit-
growers. Long term monitoring of damage occurrences at a fruit variety level is essential.
Further research on testing decoy crops, creating artificial decoys based on
characteristics of preferred fruit (e.g. smell, colour, nutrient content) would also aid in
reducing crop losses while protecting the Grey-headed Flying-fox.
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Figure 1: The food preference hierarchy for adult male, non-lactating adult female and
lactating adult female Grey-headed Flying-foxes. Food is broadly grouped into ‘preferred’,
‘intermediate’ and ‘unpreferred’. Vertical layers indicate further stratification within groups.
Preference is equal horizontally. The term ‘unripe’ refers to fruits that were tested on the day
of harvest. Fruits that were not tested against each other were placed in the hierarchy by
using the ‘standard hierarchy’ (in bold) as a reference point.
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Appendix 3

Main issues discussed in Flying-fox Policy Debrief, 28 April 2005

Licence application
• Amendments made to form cutting down on info not used or needed
• Restricting licence to include only 3 shooters per licence (including licensee)
• Form for additional shooters to sign noting they have read and understood the

conditions of the licence – check with legal
• Application not to be processed until complete

FFRS
• Continue using this form
•  Amend FFRS to include useful information for management and include details

on handling FF

Licence
• Review of conditions 
• Humane disposal of injured animals and dependent young (check with AWAC on

definition of humane disposal) or hand over injured/young to a DEC officer
• Return any bands to the DEC
• Include condition noting licensee responsible for actions of all 

Inspections
• Rewording to clarify and provide for interim measures until staff can attend and

inspect

PMP – No future PMPs considered, continue with those already approved.

Law Enforcement/Compliance
• Review section and amend
• Recommend morning inspections for dead/injured animals
• Send copy of licences to local police, suggest they check on up to date gun

licences
• Develop flow chart of procedures
• Address need for statewide support and resourcing for compliance/enforcement

Other
• Develop a database for complaints to be maintained by the CWM.  Data sent in

at the end of the season with licence information
• Develop a JSA for work on FF
• Facilitate research where possible.
• Note in policy that actual mortality is hi’r than the quota because of dependent

young

Research- priorities noted
• Effectiveness of shooting
• Heat stress
• Levels of lyssavirus
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