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1. EXECUTIVE SUMMARY 

 Flying-foxes have been a focus of management concern for much of Australia’s European 

settlement period.  This concern has generally been focused on flying-fox impacts on 

agriculture and amenity but has recently included disease transmission risks, e.g. Lyssa and 

Hendra virus.  At the same time there are serious concerns about the conservation status 

of a number of flying-fox species, in particular the grey-headed (Pteropus poliocephalus) 

and spectacled (Pteropus conspicillatus) flying-foxes.  The concern is that with continuing 

declines in habitat availability and quality, and with ongoing persecution in some areas, 

flying-fox populations are declining.  Apparent declines have led to the listing of the grey-

headed flying-fox as Threatened under the Commonwealth’s Environment Protection and 

Biodiversity Conservation Act, the NSW Threatened Species Conservation Act and Victoria’s 

Flora and Fauna Guarantee Act. 

 The very strong and opposed views held about grey-headed flying-foxes mean that they 

are a persistent focus of public debate with regular calls to justify or revisit their 

conservation listing and for stronger management actions, be they culling or protection.  

Meanwhile uncertainty about the status and trends of the species means that there is 

limited opportunity for informing public debate with data or for determining appropriate 

management actions or assessing their effectiveness.  This highlights a pressing need for a 

rigorous national monitoring program; one that provides data directly relevant to 

management decision making, and to the on-going public debate. 

 Monitoring the size and distribution of flying-fox populations is challenging.  Flying-foxes 

differ from most other species in that they: i) are difficult to detect away from known roost 

sites, ii) are extraordinarily mobile, with individuals changing camps regularly and capable 

of moving hundreds of kilometres over periods of days, while, iii) the distribution of the 

population appears to respond rapidly to changes in resource distribution with entire 

camps and regions being colonised or vacated in short periods. 

 Combined, these traits mean that standard approaches to population monitoring based on 

random sampling of a population are unlikely to provide reliable results, primarily due to 

violations of assumptions about population closure, sampling of a consistent proportion of 

the population and low detectability.  Instead they suggest that an appropriate monitoring 

regime will be i) camp based, ii) rapid and completed across the species’ range in a matter 

of days, iii) conducted as a census of known camps rather than a sample, and iv) 

conducted when the greatest proportion of the population is present in camps. 

 We recommend a monitoring design in which there are two components.  The first would 

be concerned with the conduct of the actual census while the second would provide 

analysis and data interpretation support leading to improved monitoring performance and 

the development of methods for reducing uncertainty in monitoring results. 

 Modelling of the performance of different enumeration approaches identifies ground 

counts as the only method that can be implemented in a cost effective manner and satisfy 

the relevant experimental design criteria for large scale monitoring of grey-headed flying-

foxes.  Thus, we recommend the use of ground counts performed by teams of two 

observers at each camp.  The grey-headed flying-foxes’ range would be broken up into 

monitoring regions with each region encompassing no more camps than could be 

censused by a single team in a period of three days.  The resulting data would be returned 



 

 

to the program coordinator for incorporation into a national database and for analysis and 

interpretation.  This database could be managed as part of established national databases, 

e.g. ERiN (SEWPaC) or the Atlas of Living Australia.  

 Determination of population sizes and trends would require censuses be conducted at 

least twice each year, in November-December and February.  However, confidence in 

estimates would be increased and the ability to predict flying-fox risk in the context of 

impacts such as spillover of emerging infectious diseases improved by conducting 

monitoring throughout the year, at least for the first three years of the program.  We 

suggest every two months. 

 The suggestion of an analytical component to the program is driven by the need to 

develop analytical methods that can adequately deal with both abundance and 

distribution data simultaneously and the fact that adequate description of the errors 

associated with the monitoring can reduce the time required for statistical confidence in 

the interpretation of the results by as much as 10 years.   

 A final costing of the monitoring program can only be done once the design and 

participation arrangements are finalised.  Given this caveat, we estimated the cost of a 

national grey-headed flying-fox census under two scenarios; i) all costs are borne by the 

program, and, ii) agencies contribute staff time and equipment.  Under scenario i) the first 

census would cost approximately $225,000 with subsequent censuses costing c. $125,000.  

Under scenario ii) these costs would drop to $80,000 for the first census and $35,000 for 

subsequent censuses.  We recommend that an additional $340,000 per year over a three 

year period be invested in developing appropriate analysis methods, describing 

methodological biases and implementing the methods to reduce them.  By making this 

investment early in the program, appropriate methods will be available at about the time 

that sufficient data will be available from the monitoring program for analysis. 

 The proposed program will: i) provide an estimate of population size, distribution and the 

spatial and temporal dynamics of these, ii) provide estimates of trends in these 

parameters with estimates of their accompanying errors and accuracy, iii) identify the 

drivers of flying-fox distribution and abundance and allow for the prediction of risks 

associated with them, e.g. agricultural and amenity impacts and the risk of disease 

spillover, and, iv) do these things with an accuracy and precision appropriate to 

management needs and on appropriate timeframes. 
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3. INTRODUCTION 

While the exact timing of their arrival in Australia is uncertain, it seems reasonable to 

think that flying-foxes have had a long association with the continent, certainly one that 

predates their association with humans here (Westcott and McKeown, in press).  Despite this, 

the earliest humans in Australia would have been familiar with flying-foxes from their place of 

origin and it might be assumed that for these peoples flying-foxes were economically and 

culturally important, as is still the case in indigenous cultures in, for example, Australia and 

Melanesia (Westcott, pers. obs.). 

In contrast, the relationship between flying-foxes and Australia’s European colonists 

has been more complex.  Flying-foxes have been a cause of concern to European settlers since 

the early part of the 19th century (Ratcliffe 1931; 1932).  Their depredations on orchards were 

decried from early on and led to many attempts at control using methods that ranged from 

the apocalyptic to the pragmatic (Anonymous 1890).  In more recent times the increasing 

association of human settlements and flying-fox camps, along with the resultant impacts to 

amenity and fear of disease, have only added to this animus.  Meanwhile, others in the 

community see flying-foxes in a completely different light; not only as iconic and valued, but 

also as threatened by human activities.  To this group, loss of habitat and persecution have 

decimated flying-fox populations and resulted in a need for protection.  This mix of 

diametrically opposing views has made for a fraught management situation; one that has only 

been accentuated by the lack of reliable data on the status and trends of the species.  This lack 

of reliable data stems from our limited understanding of flying-fox ecology and the limitations 

this ecology places on the methods at our disposal. 

This report seeks to contribute to this management gap by outlining a field and 

analytical approach for conducting a national census of the grey headed flying-fox (Pteropus 

poliocephalus).  We outline general and flying-fox specific considerations which dictate the 

form of monitoring that should be undertaken and then detail a monitoring program and its 

likely performance and costs. 
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4. THE GREY-HEADED FLYING-FOX, PTEROPUS 

POLIOCEPHALUS 

The grey-headed flying-fox (Pteropus poliocephalus) ranges along the east coast of 

Australia from Bundaberg in the north to Melbourne in the south and in recent years 

westward along the southern coast to Adelaide.  It is Australia’s largest and only endemic 

pteropidid.  Across most of its range P. poliocephalus is restricted to wetter regions, generally 

within 200 km of the coast, where historically forest cover has been high and fruit and floral 

resources are seasonally abundant.  Recently, P. poliocephalus has exhibited an expansion of 

its range with camps established in South Australia, 2010, and additional camps established on 

the western slopes of the Great Dividing Range.  This range expansion has been attributed to a 

variety of factors, including a decline of resources in the former range of the species 

(McDonald-Madden et al. 2005; van der Ree et al. 2006; Tidemann 1999), competition with 

other Pteropodids (Webb and Tidemann 1995), improved seasonal food availability in 

modified landscapes (McDonald-Madden et al. 2005), and climate change (Parris and Hazell 

2005). 

Since the early days of European settlement P. poliocephalus has been persecuted 

because of its impacts on both orchards and human amenity (Anonymous 1890; Ratcliffe 1931; 

Tidemann et al. 1997).  Historically, the greatest conflict has been generated by the impact of 

flying-foxes, not just P. poliocephalus, on commercial fruit crops, with growers employing a 

variety of often lethal control measures to protect their livelihoods or to destroy camps 

(Anonymous 1890; Ratcliffe 1931; Tidemann et al. 1997; Eby 2002a).  It has proven difficult to 

document the economic costs of flying-fox damage to the orchard industry, with estimates of 

losses being highly variable from year to year and across regions (Tidemann et al. 1997).  

However, figures for the direct cost from losses in NSW in the late 1990s were in the order of 

$2 to $6 million per year (Rogers 2002; Ullio 2002) while Tidemann et al. (1997) estimated that 

losses totalled $20 million across Australia.  Exclusion netting has long been advocated (Anon 

1890; Tidemann 1999; Biel 2002), and is now widely employed (McLachlan 2002), though the 

costs can be prohibitive for some producers (Rogers 2002). 

Impacts on amenity usually occur when camps are in close proximity to residential 

areas.  When such camps are large, typically >15,000 individuals, the noise, smell and mess 

associated with them can be intrusive for neighbours (Ratcliffe 1931; Parry-Jones and Augee 

1992).  This amenity impact, combined with media reporting, often creates an impression of a 
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high disease risk.  There is of course some level of disease risk associated with flying-foxes, as 

highlighted by the cluster of Hendra spillover events in 2011, however, health authorities 

indicate that the concern is generally out of proportion to the risk and that, for Hendra at 

least, it is not associated with camps (see Australian Bureau of Statistics 2011; Dept of Primary 

Industries and Fisheries 2011).  Though residential areas often encroach on existing flying-fox 

camps, increasingly flying-foxes, including P. poliocephalus,  appear to be establishing camps in 

urban and residential areas (e.g. Markus and Hall 2004; Williams et al. 2006).  This is argued to 

be in response to habitat clearing (Markus and Hall 2004; van der Ree et al. 2006), climate 

change (Parris and Hazell 2005), and the availability of resources in urban areas (Markus and 

Hall 2004; van der Ree et al. 2006; McDonald-Madden et al. 2005).  These urban camps tend to 

be located in habitat fragments, the small size of which constrains the area of the camp often 

leading to high densities of roosting individuals and resulting damage to the vegetation 

(Ratcliffe 1931; Tidemann 1999; Dept. Sustainability and Environment 2003; van der Ree and 

North 2009). 

Habitat clearing and degradation are currently thought to be the main threats to P. 

poliocephalus in particular and to flying-foxes generally.  Since European settlement significant 

habitat modification in the form of land clearing for both urbanisation and agriculture has 

occurred (Tidemann 1999; Eby 2002a).  In recent times habitat loss has been particularly 

severe in core areas of the species’ range, north-eastern NSW and south-eastern Queensland 

(Threatened Species Scientific Committee 2001; Pressey et al. 1996), effectively removing large 

expanses of native forests and hence important foraging resources for the species.  It has been 

argued that as a consequence P. poliocephalus is being forced to rely more heavily on 

resources from non-native flora, and thus increasingly interacting with humans in both rural 

and urban settings (McDonald-Madden et al. 2005; van der Ree et al. 2006), though some 

studies suggest that resources in urban areas can be abundant and attractive in their own right 

(Williams et al. 2006; Schmelitschek et al. 2009). 

P. poliocephalus populations have long been thought to be declining in abundance.  

Ratcliffe (1931) suggested that as much as half the Australian flying-fox population was likely 

to have been lost since European settlement.  More recent declines have been ascribed to 

ongoing loss and degradation of habitat due to clearing and urbanisation (Tidemann et al. 

1997; Eby and Lunney 2002; Welbergen et al. 2008), direct persecution by humans (Vardon 

and Tidemann 1995; Tidemann et al. 1997; Dept. Environment, Climate Change and Water 

2009), competition with other flying-fox species (Ratcliffe 1931; Dept. Environment, Climate 
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Change and Water 2009) and possibly climate change (Welbergen et al. 2008).  Fly-out surveys 

conducted in 1989 and through the period 1998-2001 have been used to suggest a decline 

from 566,000 to 400,000 animals, or approximately 30%, over this interval, e.g. Threatened 

Species Scientific Committee (2001).  Ultimately this apparent decline led to the species’ listing 

as vulnerable under the EPBC Act (1999) under Criterion 1 – Decline in numbers only 

(Threatened Species Scientific Committee 2001).  Similar consideration has seen the species 

listed as vulnerable under the New South Wales Threatened Species Conservation Act 1995 

and as threatened under the Victorian Flora and Fauna Guarantee Act 1988.  Its status is 

currently under consideration in Queensland. 

These listings do not, however, indicate a consensus of opinion on the reality of any 

population trends or on the current status of P. poliocpehalus.  The robustness of the data 

used to support the EPBC listing of the species was challenged by some scientists and this was 

noted by the Threatened Species Scientific Committee (Threatened Species Scientific 

Committee 2001) and the editors for the Action Plan for Australian Bats (Duncan et al. 1999).  

These concerns centred around the performance of fly-out counts as a survey methodology 

and whether the different counts were sufficiently comparable, due to incomplete and 

differing geographic coverage, as to allow inference of a decline.  More recently, research 

suggests that while properly conducted fly-out counts are adequate for estimating population 

size, failure to obtain complete coverage seriously reduces the confidence that can be placed 

in the monitoring results (Murphy et al. 2008; Westcott et al., in press).  While the evidence for 

a decline was ultimately accepted by the TSSC these concerns have not gone away, and, 

despite attempts to improve the monitoring (Eby 2002b, 2003, 2004) these issues remained 

contentious.  Establishing and implementing a rigorous monitoring program is central to 

moving on and is a frequent demand made in public debate. 

5. MONITORING 

Monitoring is increasingly seen and promoted as necessary to ensure effective 

management in the face of growing anthropogenic impacts.  Monitoring contributes to 

decision making through the establishment of a species’ abundance, distribution and dynamics 

and allows for the assessment of management needs, management approaches and their 

effectiveness (Elzinga 2001; Marsh and Trenham 2008; McDonald-Madden et al. 2010).  

Monitoring programs have provided critical information in a broad range of contexts including 
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conservation management (Cadiou and Yesou 2006), disease and invasion monitoring 

(Hochachka and Dhondt 2000; Devos et al. 2008) and stock assessment (Hagen and Loughin 

2008) and form the basis of assessment for conservation listing under a variety of national and 

international frameworks, e.g. the EPBC Act and the IUCN Red List of Threatened Species  

(IUCN 2010).  The important contributions that monitoring programs can make to 

management have seen renewed consideration given to the decision processes that lead to 

their implementation and to their design and analysis.  Before considering monitoring in the 

context of P. poliocephalus we briefly consider some of these recent developments. 

5.1 Frameworks and the decision to monitor 

A contributing factor in the reassessment of monitoring in recent times has been the 

recognition that significant resources and opportunities can be consumed by monitoring 

activities and that in some circumstances these resources may be more productively utilised 

elsewhere.  Consequently monitoring programs must make justifiable, effective and efficient 

contributions to management.  Of primary concern is the question of whether monitoring is 

actually necessary or even appropriate in any given circumstance (Mc Donald-Madden et al. 

2010).  Despite the potential for improving conservation decisions, the benefits derived from 

monitoring should outweigh the actual and opportunity costs associated with its 

implementation.  In some instances careful consideration of the system in question and the 

management options available may indicate that monitoring results will not sufficiently 

influence management responses and instead investment should be made into other forms of 

activity, e.g. research or immediate management action (McDonald-Madden et al. 2010). 

A second issue is the conceptual and scientific underpinnings of a monitoring program.  

Many monitoring programs have lacked explicit objectives or questions (Yoccoz et al. 2001) 

and in some cases even a clear understanding of the system under consideration (Lindenmayer 

and Likens 2009).  The impact of this has been that long-term ecological and monitoring 

programs have been characterised by poor design and have often had little scientific or 

management impact (Nichols and Williams 2006).  It is now increasingly recognised that 

monitoring programs must have strong scientific methodological underpinnings.  In particular, 

rather than simply monitoring dynamics in a system, they must be designed to address specific 

questions that improve our understanding of the system in question and of the potential for 

management intervention (Lindenmayer and Likens 2009, 2010; Jones et al. 2011).  This means 
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that monitoring programs should be designed around a clear hypothesis for a system and with 

clear statements about the scientific and management questions and goals that are to be 

answered. 

We return to consider these issues in the context of monitoring P. poliocephalus in 

section 6.  In Section 6.1 we consider the justification for monitoring P. poliocpehalus by 

considering the potential for monitoring to influence decision making.  In Section 6.2 we 

review the ecology of flying-foxes and the ramifications of this for the design of a monitoring 

program.  In Section 7 we begin by outlining the questions that should underpin a P. 

poliocephalus monitoring program and, in the light of the ecology of the species, review the 

enumeration options available and their relative performance in resolving the scientific 

questions that underpin management decision making. 

5.2 Design and analysis 

While monitoring has often been focused on local or regional scales, there is 

increasingly a shift to working at very large spatial scales, i.e. at landscape and continental 

scales (Jones 2011).  This has occurred in part because these are the spatial scales at which 

many threats and processes are operating, and therefore are the scales at which management 

responses such as monitoring must be implemented (Jones 2011).  They are also the scales at 

which species such as P. poliocephalus live and to be effective their monitoring must reflect 

this.  Monitoring at these large spatial scales brings with it a variety of logistic and sampling 

issues, including the failure of methods to scale up (Jones 2011), increased costs (MacKenzie 

and Royle 2005), and variation in detectability due to more varied habitat and decreased effort 

per site (Joseph et al. 2006; MacKenzie et al. 2006).  A variety of methods have been employed 

to address these issues. 

The most common approach for monitoring at large scales is through the use of 

spatially or environmentally referenced sampling of indirect indicators (e.g. habitat, sign or 

expert opinion) or direct indicators (observations of the organism in question).  Where 

resources and circumstances make direct measures feasible it is possible to frame questions 

and the methods employed in two very different ways; either by asking about abundance or 

about presence.  Approaches that focus on abundance use counts of animals and may use 

recapture rates (mark-recapture, White and Burnham 1999; White et al. 2006) or detection 

distances to estimate detectability, e.g. distance sampling (Buckland et al. 2004), to arrive at 
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habitat specific estimates of abundance that take detection variability into account.  Such 

approaches can be scaled from local to national levels and can provide improved reliability of 

estimates (Newson et al. 2008). 

When the cost of focusing on abundance cannot be warranted, the focus of a 

monitoring program may shift from the abundance to the presence of a species at a site.  This 

might also occur because abundance data cannot be obtained or is confused by variability in 

detectability across the range of the program.  In these circumstances occupancy modelling 

approaches become a powerful tool (Bailey et al. 2004; MacKenzie et al. 2006) and one which 

has a growing range of options for improving the scope of questions that can be addressed and 

the biases treated, e.g. spatial or temporal clustering of samples, imperfect and spatially 

variable detectability, and partial availability for detection (Royle and Kerry 2007; Mordecai et 

al. 2011).  Indeed, when densities can be predicted based on habitat or detection probabilities 

it becomes possible to use occupancy approaches to model abundance and its spatial 

distribution (Royle and Nichols 2003; Royle et al. 2007b).  Even when such assumptions cannot 

be sustained, occupancy approaches are adequate for addressing many management and 

ecological questions.  For example, the IUCN Red-List Categories A and B include criteria which 

can be adequately and appropriately assessed using presence data. 

Despite their importance in modern monitoring, environmentally or spatially 

referenced sampling methods such as distance and occupancy modelling are not well matched 

to the particular ecology of flying-foxes, for reasons outlined in the following section, and as a 

consequence are of little utility for this monitoring method. 

Finally, while it may be possible to monitor system dynamics at large spatial scales, to 

be effective a monitoring program must be capable of detecting changes that are relevant to 

the scientific and management questions (Field, S.A. et al. 2007; Lyons et al. 2008; Lindemayer 

and Likens 2009).  For example, though a monitoring program may be able to detect a decline 

in abundance of a species, it is of little utility if it cannot detect a decline of a magnitude that is 

relevant, e.g. 30% over 10 years for IUCN criteria (IUCN 2010), with an acceptable statistical 

confidence, and on a timeframe that is acceptable.  When sufficient accuracy, precision and 

timeliness cannot be achieved then monitoring will not contribute usefully and resources may 

be better expended elsewhere. 
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6. MONITORING OF P. POLIOCEPHALUS 

6.1 The justification for monitoring 

Among the primary reasons for monitoring P. poliocephalus is the simple fact that 

there is much that we don’t know about the ecology of the species and a monitoring program 

is one avenue for addressing these knowledge gaps.  The reasons for wanting to fill these 

knowledge gaps will vary somewhat for scientists and managers. 

In general and theoretical terms, the scientific justification for monitoring centres on 

questions relating to the determinants of abundance and distribution of a species and the 

dynamics in these.  For flying-foxes, including P. poliocephalus, we know little about this and 

what we do know hints at an ecology that is as exceptional as it is poorly understood.  

Monitoring at particular sites or areas indicate dramatic population fluctuations on short to 

long timeframes that can only indicate extreme shifts in population distribution in space.  Do 

these fluctuations flow through to the regional population or the species level?  If these local 

dynamics are not indicative of metapopulation dynamics, at what scale can populations be 

defined?  What are the drivers of the apparently extreme mobility of the species and can these 

be predicted?  How do individuals track these drivers over the very large spatial scales at which 

they operate?  Can the effect of these drivers and their distribution on flying-fox distribution 

and abundance be predicted?  The answers to such questions are directly relevant to our 

understanding of the functioning of ecosystems. 

For management the central knowledge gaps relate to the size of the population and 

the trends in this.  These determine the urgency of management and the nature and priority of 

any management response.  For example, a small population or a decline in abundance may 

signal the need to change management through increased protection or the cessation of any 

control measures in orchards, while a large or stable population may provide the potential for 

other management activities, e.g. relocation of camps. Though P. poliocephalus is currently 

listed under legislation at state and Commonwealth levels, the continual pressure to justify or 

revisit this listing requires appropriate data about the species’ population size and trend. 

Similarly, many management issues related to flying-foxes are essentially spatial 

problems and therefore relate to the distribution of the population.  For example, the 

apparent increase in urbanisation of P. poliocephalus implies a change in the distribution of 
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the population from natural to urban systems while inter-annual variation in orchard impacts 

suggest variability in habitat and resource availability and the distribution of flying-foxes across 

them.  Sustainable solutions to such problems will ultimately require a manipulation of their 

spatial distribution, either by manipulating the population itself or the drivers of its 

distribution.  Understanding the determinants of spatial distribution, something that can be 

achieved in part through monitoring, will increase the probability that successful methods can 

be developed.  

It is important to note that much of the foregoing assumes that monitoring is not 

conducted as a one-off snapshot of the population but rather is on-going.  Such 

documentation of dynamics in abundance and distribution over time allows for the 

assessment of trends, improvement and testing our understanding of system dynamics, and 

for the assessment of the effectiveness of management itself.  Where management is 

implemented as a testable experimental manipulation of the population, on-going monitoring 

provides the data to test the experimental predictions, and becomes a critical plank in 

enabling management as an adaptive and responsive process. 

While it might be considered by many that monitoring is justified on the basis that it 

provides information upon which management decisions can be based, managers must also 

consider whether the anticipated benefits, including the potential improvements in 

management performance, warrant the necessary investment.  In the case of P. poliocephalus 

these benefits would include baseline data that would be directly relevant to management 

decision making and to the on-going public debate, and a means of choosing between 

management options and evaluating their effectiveness once implemented.  

6.2 Factors influencing the design of flying-fox monitoring 

Flying-foxes differ markedly from most vertebrate species in the manner in which they 

distribute themselves in space and time, and these differences need to be reflected in the 

design of any monitoring program.  Rather than exploiting the resources of a small area, 

individual flying-foxes move at very large spatial scales following the distribution of floral and 

fruit resources (Eby et al. 1999; Parry-Jones and Augee 2001).  These movements are not, 

however, entirely determined by resources with individuals appearing to return to particular 

camps for at least part of the year for social and reproductive activities - territory 

establishment, mate attraction, mating, and birthing (Nelson 1965a; Welbergen 2004, 2011).  
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A number of aspects of this highly mobile ecology challenge the design of any monitoring 

program and meeting these challenges inevitably means that some compromises must be 

made in terms of design.  

The first challenge is that despite the high densities of animals in camps – camps may 

contain tens of thousands of individuals - away from camps flying-foxes occur at very low 

densities.  For example, in the case of P. conspicillatus, a species very similar to P. 

poliocephalus, camps regularly contain 40,000-50,000 individuals and yet, averaged across the 

species’ Wet Tropics range, they occur at densities of approximately one individual per 17 

hectares (McKeown and Westcott, unpubl. data).  This means that in any large-scale 

monitoring program detection of flying-foxes away from camps will be infrequent, with the 

analysis complicated by zero rich data (Martin et al. 2005), and points to camps as the place 

where the greatest proportion of the population can be encountered and the logical sampling 

unit for monitoring.  This highly clustered and non-random distribution means that methods 

which assume random distribution of sampling, e.g. distance sampling and occupancy 

modelling, will not be appropriate due to their greater efficiency when individuals are 

relatively evenly or randomly distributed (Buckland et al. 2004). 

Monitoring only in camps, however, introduces its own biases.  It is clear from long 

term monitoring at camps at the edge of the range (van der Ree et al. 2009) and for similar 

species, e.g., the Wet Tropics P. conspicillatus population (Shilton et al. 2008; McKeown and 

Westcott, in prep), that not all animals are present in known camps at all times of the year 

and, thus, that not all individuals in the population are equally likely to be sampled.  The size 

and dynamics of this un-sampled proportion of the population are major contributors to 

uncertainty in any flying-fox monitoring (Westcott et al. in press) meaning that effort is 

required to minimise its impact. 

One approach to minimising the effect of this bias is to minimise the bias itself.  To 

some extent this can be achieved by monitoring at the time of the year in which the 

population of the camps is largest, thereby reducing the proportion of the population to which 

the bias applies to.  Numbers of adults in camps usually peak during the summer months, the 

period when lactating females, i.e. the vast majority of females (Fox et al. 2008), and their 

pups are present and when males are establishing and defending territories and attracting 

mates (Nelson 1965b).  Given that P. poliocephalus, like other flying-foxes, appear to have a 

harem-like mating system (Nelson 1965b; Welbergen 2004; Klose et al. 2009) it seems 
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reasonable to think that nearly all reproductive females and all but the subordinate and 

younger males are likely to be present in camps at this time.  Determining what proportion of 

the population is absent from camps and the variability in this along with the proportion of 

camps that are not known will be an important adjunct to any monitoring program (see 

Sections 7.3.2 and 8.4.8) and will considerably improve confidence around estimated 

population trends (Westcott et al., in press). 

A second challenge is the extraordinary mobility of flying-foxes, P. poliocephalus 

included.  Individual P. poliocephalus can move hundreds of kilometres over days and much 

larger distances over longer periods (Spencer et al. 1991; Eby 1991; Tidemann and Nelson 

2004).  These movements appear to be associated with changes in the distribution of 

resources (Eby et al. 1999; Parry-Jones and Augee 2001) and flow into dramatic and rapid 

changes in camps size and distribution at the population level (Ratcliffe 1932; Nelson 1965a; 

Webb and Tidemann 1996; Shilton et al. 2008; McKeown and Westcott, in prep).  Significantly, 

these changes in population distribution can occur in a matter of days (e.g. Shilton et al. 2008 

for P. conspicillatus). 

The challenge to monitoring design presented by this mobility is that all monitoring 

approaches assume that populations are closed during monitoring, i.e. that individuals cannot 

be counted more than once or be missed.  The one exception to this are mark-recapture 

programs which fail in the context of flying-foxes due to the extremely low recapture rates 

encountered in previous studies (Tidemann, pers. comm., Westcott and McKeown, pers. obs.).  

For a highly and rapidly mobile species meeting this closure assumption requires that 

monitoring bouts be as short as possible so as to prevent miscounts due to movement.  Where 

such miscounts potentially involve large proportions of the population of interest, as is the 

case for flying-foxes, this is particularly important.  The rapidity of flying-fox movement means 

that significant proportions of the population can move in or out of the monitored population, 

or between monitored camps over periods of days.  Thus for assumptions of closure to be 

satisfied, the monitoring methodology should be one that allows a complete census to be 

completed in a period of a few days and at a time when the greatest level of camp philopatry 

might be expected, i.e. when young are present and males are defending territories (Nelson 

1965b; Welbergen 2004). 

The high mobility of individuals and Pteropus populations as a whole also means that 

population estimation based on sampling of the population is not appropriate.  Sampling can 
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inform about the population size in the sampled region but because large proportions of the 

population can and will move in and out of the sampled region between censuses, sampling 

the population can seriously confound estimation of changes in the distribution of the 

population with changes in abundance.  Because uncertainty around the proportion of the 

population censused is the largest contributor to uncertainty in population monitoring for 

flying-foxes (Westcott et al., in press) we recommend that a complete census of camps across 

the species’ range be undertaken. 

It is worth emphasising that we use the term census intentionally.  For some the 

traditional definition of this term, a complete enumeration of a population (Caughley 1977, 

Royle et al. 2007b), may preclude it from being used in a context where inevitably not all 

individuals will be counted.  Our reasons for using it are threefold.  First, were we not to 

attempt a census then we would be forced to fall back on some form of sampling of the 

population.  Because the extreme mobility of flying-foxes so grievously and unpredictably 

violate assumptions of population closure, sampling methods are not appropriate (Rota et al. 

2009).  Furthermore, the colonial roosting of flying-foxes makes it reasonable to think that at 

times the great majority of the population are in camps and are at least available for 

enumeration.  Second, use of the term sends a message to those involved and funding the 

work about the necessary scope of the program – if the entire population is not considered 

then it is currently impossible to make inferences about the entire population.  Such an 

endeavour will take effort and investment.  Third, we disagree that the failure to enumerate all 

individuals invalidates the use of the term.  Even well funded and relatively simple census 

programs of human populations do not completely enumerate their populations of interest, 

e.g. the Australian Bureau of Statistics acknowledges that individuals, households and 

communities are missed in its census (Australian Bureau of Statistics, 2011).  To demand strict 

adherence to an unachievable definition trivialises the term and renders it of little utility.  

Thus, we use the term, though acknowledging the difficulties some will have with this but with 

the intention that the greatest efforts should be employed to make the census as complete as 

possible. 

In summary, these aspects of the ecology of Pteropids, and P. poliocephalus, suggest 

that an appropriate monitoring regime will be i) camp based, ii) a census of the known 

population rather than a sample, iii) rapid and completed across the species’ range in a matter 

of days, and iv) conducted when the greatest proportion of the population is present in camps.  

Determining the magnitude, dynamics and drivers of the proportion of animals not present in 
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counted camps, and the proportion of camps that are counted during the census, will be an 

important adjunct to the census. 

7. A MONITORING DESIGN FOR FLYING-FOXES 

In the previous section we considered the justification for monitoring of P. 

poliocephalus and outlined our understanding of the structure and drivers of spatial and 

temporal dynamics in P. poliocephalus numbers.  We then considered the influence these 

considerations have on the monitoring approach used.  In this section we consider the 

questions that should underpin a monitoring program and then, in the light of the previous 

discussion, outline a monitoring design. 

Our particular interest is in the size of the P. poliocephalus population and trends in 

this over time.  Furthermore, because many current and future management issues are related 

to the distribution of the population, we are interested in how the population is distributed 

across its range and trends in this over time.  These requirements point to a monitoring 

program that can: 

i) provide an estimate of population size, 

ii) provide an estimate of the spatial distribution of the population,  

iii) describe the dynamics and estimate any trends in these parameters, singly and 

jointly, and, 

iv) do these things with an accuracy and precision appropriate to management 

needs and on appropriate timeframes. 

We have already recommended that aspects of the species’ ecology require that the 

monitoring program be a camp-based and complete census of the population and that it be 

timed such that the greatest proportion of animals are present in camps.  The question then 

arises of how animals in camps should be enumerated. 

7.1 How to estimate abundance? 

A wide range of methods are used to count bats.  These were reviewed for the 

monitoring of flying-foxes by Murphy et al. (2008), who identified just two methods that could 

be implemented rapidly and at large spatial scales; fly-out counts, where animals are counted 

in the air as they exit a camp, and ground counts, where animals are counted during the day in 

the camp.  Other methods considered included thermal imaging of fly-outs (e.g. Sabol and 
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Hudson 1995; Betke et al. 2008), high resolution imaging (e.g. Laliberte and Ripple 2003), use 

of molecular genetics to estimate population sizes (Luikart et al. 2010), and radar imaging of 

fly-outs (e.g. Horn and Kunz 2008).  While all the methods had advantages and disadvantages, 

those rejected were assessed as not appropriate for range-wide monitoring for a variety of 

reasons, including: i) considerable cost, ii) requirement for a high skill levels, iii) expensive and 

complex equipment needs, iv) requirement for significant additional development work and v) 

the fact that some were unproven for these types of census.  Taken together these 

considerations effectively prevented these other methods being implemented rapidly at large 

spatial scales, as required for P. poliocephalus. 

While the two identified methods, fly-out and ground counts, also have their 

advantages and disadvantages, both methods have a long history in the monitoring of flying-

fox populations and can be implemented at large spatial scales.  Francis Ratcliffe used ground 

counts in the first published studies of flying-fox ecology in Australia (Ratcliffe 1931, 1932, 

1938) and the methods have subsequently been used by a number of researchers since 

(Nelson 1965a; Hall 2000; Birt 2004; Shilton et al. 2008; van der Ree et al. 2009).  Fly-out 

counts have been used in a variety of scientific and monitoring studies, often at single camps 

(e.g. Parry-Jones and Augee 2001) but also in regional programs (Garnett et al. 1999; Whybird 

2000; Eby 2002b, 2003, 2004).  A perception that fly-out counts are the most rigorous of the 

two methods has seen them gradually adopted as the favoured approach (e.g. Threatened 

Species Scientific Committee 2001) though there is little empirical evidence to support this 

contention. 

Fly-out counts have often been criticised as being inaccurate, largely due to the sheer 

volume of animals involved in fly-out streams.  Two studies have now examined the magnitude 

of individuals counter’s errors when using the method (Westcott and McKeown 2004; Forsyth 

et al. 2006) and concluded that these errors were manageable but that their reliability 

declined as fly-out size increased and that this effect occurred rapidly.  These studies 

highlighted the influence of observer experience on the accuracy and precision of fly-out 

counts and argued for greater investment in training observers (Forsyth et al. 2006).  Westcott 

and McKeown (2004) also noted that when conducted at regional scales, fly-out counts were 

particularly prone to other errors, in particular failing to i) count all fly-out streams at all camps 

and ii) monitor all camps in a population.  This occurred because it was often difficult to source 

the large numbers of observers required for monitoring big numbers of camps over a broad 

geographic region.  Subsequent modelling suggests that the errors introduced by these failures 
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far outweigh those introduced by the actual counting itself (Murphy et al. 2008; Westcott et 

al., in press). 

With the focus squarely on fly-out counts, there has been relatively little effort 

expended on assessing ground counts, however, the available evidence suggests that they are 

a promising methodology.  Several studies suggest that ground-counts have quite high 

precision.  Hall (2000) compared ground counts performed independently by himself and P. 

Birt at camps in the Brisbane region over the same period and arrived at very similar estimates 

for the camps and the region.  van der Ree et al. (2009) formally examined the precision of 

ground-counts by conducting repeat counts each month at the Yarra Bend camp over a two 

year period.  The repeat counts were highly comparable and it was concluded that 

experienced observers could provide highly precise estimates.  van der Ree et al. (2009) also 

compared ground-counts with fly-out counts at Yarra Bend and found that the two methods 

produced comparable results, except at very large camp sizes when fly-out estimates 

increased much more dramatically than did walk-through counts.  This difference at large 

camp sizes would be predicted based on an expectation of poorer counter performance when 

numbers are high (Westcott and McKeown 2004; Forsyth et al. 2006).  Overall these results 

suggest that ground-counts perform at least as well as fly-out counts under most conditions 

and sometimes better.  The lack of a formal assessment of the magnitude and direction of 

biases associated with ground counts is a gap that needs to be filled. 

While the methods may work in a comparable fashion at the level of a single camp, 

this does not necessarily mean that they are both capable of adequately scaling up to regional 

and larger scale monitoring.  In their review of monitoring methods, and further developed in 

a subsequent journal paper (Westcott et al., in press), Murphy et al. (2008) used simulation 

modelling to assess the relative performance of the two methods when used for monitoring at 

multiple camps and at large spatial scales.  They used a simulation model of the spatial 

dynamics of the Wet Tropics P. conspicillatus population, parameterised using field data, and 

paired it with a model of ground and fly-out counts performed across all the camps, again 

parameterised using published field data on the performance of the two methods.  They then 

used a Monte Carlo approach to assess the influence of the different errors associated with 

ground and fly-out counts on the time to 80% confidence in detecting population trends 

sufficient for triggering the listing of a species, 3.5% per annum or 30% over 10 years (EPBC Act 

1999).  The errors were: i) failure to count all animals at a roost, ii) errors associated with 

enumeration, and iii) variability in the proportion of the population counted due to the 
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movement of individuals between roosts.  Both the accuracy and precision components of 

these errors were considered and the baseline values were derived from published 

assessments.  At the baseline parameterisation both methods required approximately 14 years 

to achieve 80% statistical confidence in detecting a 3.5% per annum decline.  When errors 

were varied up to perfect accuracy and precision, only marginal improvements in time to 80% 

power accrued (c.1%).  The one exception to this was improving the certainty, or precision, in 

the proportion of the population being counted.  Reductions in this error reduced time to 

detection of a decline by 43% for fly-out counts and 71% for walk-through counts.  This 

difference between the two methods arose largely because fly-out counts are more likely to 

miss a proportion of the population by failing to count fly-out streams at a camp and failing to 

count all camps (Westcott et al., in press).  These results indicate that the most efficient 

method, ground counts, could achieve sufficiently accurate and precise detection of trends in 

numbers at large scales and in reasonable timeframes particularly if effort was expended on 

reducing uncertainty in the proportion of the population counted. 

While Westcott et al.’s (in press) analysis identifies ground-counts as a more effective 

method for censusing flying-fox populations, they also outperform fly-out counts in ways not 

considered in their analysis.  One of these is the inability of fly-out counts to provide additional 

contextual and population structure data.  Different species of flying-fox will often roost and 

fly-out together and this must be accounted for in the final estimate.  Discriminating between 

species during a fly-out is generally not practicable and thus when mixed camps occur ground-

counts must still be done to estimate the proportion of the fly-out each species comprises (Eby 

2003).  Fly-out counts also fail to provide data on population structure, e.g. sex ratios and 

numbers of young in the camp, whereas this information can be collected with relatively little 

additional cost as part of a ground count.  While the collection of population structure data is 

not strictly required for estimating population size or trends within a monitoring program, its 

collection can result in a more useful data set, e.g. allowing for more detailed population 

modelling. 

Ground counts also offer advantages in terms of labour and resourcing.  Fly-out counts 

require the involvement of large numbers of people since teams of observers are needed for 

each camp visit, each camp must be visited on more than one occasion, and all camps must be 

visited simultaneously in order to satisfy assumptions of population closure.  Thus, large 

numbers of observers must be recruited, trained, deployed and retained for the period of the 

program.  In the 2004 national survey this amounted to a total of 600 observers and even then 
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only a partial survey was completed (Eby 2004).  The significant expenses associated with 

deploying this many observers has been largely hidden through the use of volunteers and their 

resources (Garnett et al. 1999; Whybird 2000; Eby 2004).  In contrast, ground counts require 

far fewer observers, resulting in estimated costs of one quarter of those of fly-out counts 

(Murphy et al. 2008).  This reduction in labour requirements means that recruitment can focus 

on those most invested in participating and remaining involved in the program.  It also opens 

up the potential for agency involvement and improved data quality control. 

7.2 Monitoring design 

Overall, these considerations point to ground counts as being the most efficient and 

rigorous method for a long-term monitoring program for flying-fox populations.  Ground 

counts meet the monitoring design criteria in that they: 

i) are focused on camps, where the animals are concentrated and most 

efficiently monitored, 

ii) can be conducted at camps of any size, including when camps are at their 

largest, and therefore the greatest proportion of the population can be 

counted, 

iii) can be rapidly implemented at large geographical scales - multiple camps can 

be censused in a day and all the camps in a region can be censused over a 

period of days by a two person team (e.g. Shilton et al. 2008), 

iv) can be conducted as a complete census at the scale of the species range, 

v) have biases that are amenable to estimation (e.g. van der Ree et al. 2009) 

thereby allowing for methodological and analytical assessment and 

improvement (Westcott et al., in press), 

vi) produce estimates with an accuracy and precision sufficient for detecting 

change in relevant parameters (Westcott et al. in press), 

vii) are flexible in that they can be easily adapted to changes in the distribution of 

the species, 

viii) out-perform alternative methods in terms of in terms of the relevant criteria, 

including their cost and associated logistics. 

In the following sections we outline a monitoring program designed to conduct a 

population census of P. poliocephalus utilising ground counts.  This census would be conducted 
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over a three day period across the species’ range and has the potential for collecting camp and 

population structure data as well as producing camp size estimates.  The method is designed 

around two-person teams of observers in order to allow for error estimation and to meet 

occupational health and safety concerns.  Each of these teams would be responsible for 

identifying and monitoring all camps within a specified geographic region. 

7.2.1 The required roles 

There are four likely roles in our proposed program; (1) program coordination, (2) 

monitoring coordination, (3) monitoring, and (4) data analysis and reporting.  Some 

considerations as to who might be most appropriate for these roles follow. 

Coordination of the program requires that the individual has the freedom necessary to 

be able to work across regional and state boundaries and the standing to coordinate resources 

at these scales, from multiple organisations, and over a period of years.  As a consequence, we 

suggest that this points to a Commonwealth role, either directly or through the contracting of 

a responsible agent.  This person in this role will also need to take responsibility for the 

development and implementation of a communication strategy for the program. 

Monitoring coordination is required to ensure that each of the regions’ monitoring 

teams are trained, equipped and performing the monitoring appropriately and at the 

appropriate times.  Post-census the coordinator would have the responsibility of data 

management, including checking, databasing and providing access to the data.  This role will 

likely fall to those assigned responsibility for the program and the analysis research program. 

Regional censuses will be most efficiently performed when individuals are able to have 

a long-term involvement in the program and be able to incorporate monitoring into their 

existing work programs.  The ability to recognise and solve problems during the course of 

monitoring, along with producing results that will be perceived as reliable, requires individuals 

that are familiar with monitoring or similar activities.  To be successful, individuals performing 

the monitoring will need to be able to access camps on a variety of land-tenures meaning that 

monitoring teams will need to come with the necessary standing or authority.  Finally, for 

monitoring results to be accepted by the widest possible range of stakeholders they will need 

to be seen as being as unbiased as possible, i.e. they should not be drawn from special interest 

groups.  Combined we suggest that these considerations point to the use of professional 

observers.  This is a marked departure from past practice where volunteer effort and 
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resources, e.g. transport etc, have represented the vast majority of investment.  We suggest 

that staff from organisations with a direct role and responsibilities in the management of 

flying-foxes, e.g. state conservation agency or NRM and Catchment Authority groups, are most 

appropriate.  Where volunteers are used they should have a demonstrated commitment and 

an appropriate background. 

While data collation and the provision of summary data is a relatively simple task, as 

outlined below full analysis and interpretation of the results of the program will require a 

complementary research program.  We recommend that this task, along with research into the 

description of errors, be performed by a research team with experience in monitoring and a 

solid grounding in flying-fox ecology. 

7.2.2 Defining monitoring regions 

The extent of P. poliocephalus’ range is huge; from the central coast of Queensland 

along the coast and western slopes and across to Adelaide in the west.  Because population 

closure assumptions require rapid completion of monitoring and because a census rather than 

population sampling is the goal, local knowledge and networks will be fundamental to 

ensuring complete coverage (Murphy et al. 2008).  Thus the species’ range will need to be 

broken into smaller census regions.  The geographic size and the number of camps contained 

within each region will vary between regions and potentially over time as the distribution of 

the P. poliocephalus population changes.  The limitations to the size of a census region will be 

that they can be censused rapidly, i.e. within a period of three days, and that the census team 

can establish and maintain effective networks for gathering information on camp locations and 

occupancy prior to monitoring. 

Exactly how monitoring regions are defined will depend on geography, the distribution 

of flying-fox camps and who is responsible for conducting the monitoring.  Where participants 

have a strong regional focus, e.g. agency staff are often responsible for a particular region, 

matching the census region boundaries to those existing focus regions may be appropriate.  

Where no such focus exists, choosing boundaries that optimise search effort based on camp 

locations will be the best approach.  Ultimately, the approach used should be decided in 

consultation with the groups charged with the responsibility of conducting the monitoring.  In 

Section 7.2.4 we solve this problem simply using a subjective identification of clusters of camps 

identified in the SEWPaC camp data. 
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7.2.3 Regional planning and preparation 

Gathering information on camps in each region is critical to ensuring complete 

coverage.  This needs to be conducted prior to each census but is particularly important prior 

to the first census as it is in this census that the baseline is established and in which camps are 

most likely to be accidentally omitted.  The information to be collected includes the location, 

size and access options for all historical and current camp locations – information that will be 

important in how the census will be conducted.  This information might be gathered from the 

public through media campaigns, from stakeholders through industry and community group 

newsletters, and through the establishment of a network of informants who are contacted 

directly prior to each survey for updates.  Sourcing information on historical camps is also 

important as these are known to be reoccupied, sometimes after years of absence. 

This information gathering phase might also seek information on the distribution of 

floral resources as an indication of areas where flying-foxes might be expected to be found 

(Eby 2003). 

7.2.4 Route planning 

Once monitoring regions and camps are identified, establishing the driving route that 

enables visits to all camps, irrespective of whether they are occupied or not, to be performed 

within the allotted timeframe is required.  While in regions with few camps this will be a 

relatively easy task, in regions with many camps it will quickly become more complicated.  

Fortunately, a variety of electronic tools such as GIS programs and car navigation systems now 

make it relatively easy to plan the optimal route between multiple points.  In some instances a 

variety of optimisation criteria can be solved for, e.g. the shortest route, the quickest route 

and even the most fuel efficient route. 

By way of an example, for the purposes of costing a census (Section 8.4) we combined 

the SEWPaC colonies location database with the AUSLIG (2001) 1:1 million road database in 

ARCGIS to estimate the shortest route between camps within geographically defined clusters 

of camps.  To do this a shapefile for each region of camps was created, with the start point 

added as the first point, and the end point as the last.  The locations from this shapefile were 

then converted to a network dataset, using a 5 km tolerance to allow for camps that were not 

precisely on a main road.  The layer properties were set so that the first and last camp were 
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always preserved, but all the other camps could be reordered to find the most efficient route.  

A similar analysis can be performed using many GPS vehicle navigation systems, as well as a 

variety of tools available on the web.  This resulted in a solution in which a total of 6,719 km 

had to be traveled in order to visit all camps.  Within the average region, there were 11.7 

(range 1- 38) camps and monitoring teams had to travel an average of 373 km (1-839 range).  

7.2.5 Timing of a census 

We have argued previously that the census should be conducted at the time when the 

greatest numbers of animals are present in camps in order to minimise errors associated with 

uncertainty in the proportion of the population being counted.  For P. poliocephalus this 

period corresponds to the period after birthing, during territory establishment and leading up 

to mating (Nelson 1965b; Parry-Jones and Augee 1991; Parry-Jones and Augee 1992; Hall & 

Richards 2000; Parry-Jones and Augee 2001; van der Ree et al. 2006).  This would result in the 

census being conducted at some point in the spring or summer. 

This is in contrast to previous national P. poliocephalus counts which were mostly 

undertaken in autumn (e.g. Eby 2004).  Their timing was chosen in order to minimise error 

associated with 1) a poor understanding of camp locations west of the escarpment which are 

used during spring and summer, 2) the tendency for lactating females and dependent young to 

remain in the roost after dusk during late spring and summer, and 3) difficulties in estimating 

the size of very large camps during winter (Eby 2004).  While these were valid concerns for the 

time and the method used we suggest that they are less important for the method we have 

outlined.  First, the state of knowledge of camps on the western slopes can be improved upon, 

and, with increases in the number of year round camps in this region, e.g. Canberra, this 

improvement ultimately needs to be made irrespective of when censusing is conducted.  

Second, the last two concerns are specific to the method being used, namely fly-out counts, 

and hence are do not have the same urgency for our approach. 

This is not to say that determining the timing of ground counts is without 

complication.  A priori one might think that conducting surveys when the largest numbers of 

animals are in camps would be a relatively simple matter requiring only that the time of the 

year be identified and the census scheduled.  Unfortunately, the phenology of P. poliocephalus 

camps is not constant across years at a camp (e.g. Nelson 1965b; Parry-Jones and Augee 2001; 

Welbergen 2004; van der Ree and North 2009) nor across regions.  For example, peak numbers 
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are reported in maternity camps in Brisbane in October (Hall 2002), in Sydney in January 

(Parry-Jones and Augee 2001), and in Melbourne as early as November but often in March 

(van der Ree and North 2009).  This means that the optimal time for monitoring is unlikely to 

be exactly the same across the entire species’ range. 

There are three possible ways of dealing with this issue. The first is to sample camps at 

different times.  We argue strongly against this since predicting the optimal time even at a 

single camp will be difficult if not impossible and the potential for very significant violations of 

an important assumption, population closure, is high.  The second option is to schedule the 

census for a time that is roughly ‘average’ across the species’ range, i.e. optimise the census 

timing at the population rather than the camp level.  This approach is appropriate since it is a 

population level census that is being attempted.  A comparison of published data suggests that 

this timing would be sometime from late November to early February.  The final option would 

be to recognise the variability within and between years and to conduct two or three censuses 

in each year, e.g. November, December, January, to span the range of peak months most 

commonly reported and to maximise the chance of detecting the peak.  This method also has 

the advantage of providing a richer data set that would allow for improved error estimation 

and greater opportunities for observer practice.  It comes with a cost disadvantage of 

approximately $35,000 per repeat (see section 8.4.7). 

We suggest that a census be conducted in November/December and February of each 

year for the purposes of estimating population size and distribution.  At a minimum, a 

November/December census is recommended.  Ideally, however, in the first two or three 

years of the program the census would be conducted throughout the year to provide an 

indication of the pattern of dynamics in abundance and distribution across the year.  This 

would allow for refinement of the methodologies and critically would provide some indication 

of the scale of error that might be introduced to estimates by inter-annual variation in the 

timing of breeding etc.  We suggest censuses be conducted once every two months during this 

period. 

7.2.6 Enumeration methodology 

Ground counts involve observers walking through a camp during the day when flying-

foxes are roosting and estimating total numbers.  Exactly how the number of animals are 

enumerated at a particular camp will be determined by i) the accessibility of the camp, ii) 
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visibility at the camp, iii) the extent to which the animals tolerate the disturbance of surveying, 

and iv) the size of the camp.  While differences in the enumeration methodology are likely to 

involve different biases, these differences are estimable and determining the magnitude and 

direction of these biases should be a part of the overall monitoring program. 

When camps are known, presumed or found to be unoccupied it is still important that 

this be verified.  This will involve walking through the known area of the camp searching for 

sign of the animals.   Since camps can move at a location, e.g. displacement of hundreds of 

metres at a site, the surrounding area should be searched sufficiently to ascertain that there 

are no animals present. 

When animals are present and under good conditions, e.g. when the camp is small 

(<1000 individuals), accessibility and visibility are good and the animals are not disturbed by 

the observer, it is possible to count each animal directly in order to arrive at a count.  The 

counting process is simple involving a count of the animals present in each roost tree.  Where 

possible, data on the age and sex of the individuals observed should also be collected. 

As camp size increases (>1000 individuals) counting all individuals becomes 

increasingly difficult and time consuming.  Under these circumstances it is necessary to sample 

the camp.  When it is possible to establish them transects should be used.  Ideally these would 

be distributed as an evenly spaced array randomly placed over the camp and would transect 

the camp from one side to the other.  When sampling, the observer records the number of 

animals in each tree seen, the perpendicular distance of the tree from the transect and the 

distance along the transect of the tree.  In addition, every 10 m the maximum distance that 

flying-foxes could be detected and counted is estimated for both sides of the transect.  

Estimation of distances is ideally performed using laser rangefinders but can also be done 

visually, though visual estimates are rarely unbiased (Buckland et al. 2004).  Where the interior 

of the camp is accessible but transects through the camp cannot be walked, estimates can be 

based on other forms of searches, if search area can be estimated, e.g. using point sampling in 

which the distance and angle to each roost tree is determined along with the number of flying-

foxes roosting in it.  For both transects and point counts these measures can then be used to 

estimate the density of flying-foxes and the proportion of the total camp area, determined by 

GPS mapping or aerial photography (e.g. Google Earth), that was surveyed used to estimate 

total numbers in the camp. 
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Some camps are difficult, or even dangerous to access, e.g. those located in 

mangroves, and at particular times in any camp, flying-foxes can exhibit a low tolerance to 

disturbance.  Under these conditions moving through the camp is either impossible or likely to 

bias estimates and so an alternative method must be employed.  Under these conditions part 

or the entirety of the colony’s boundary can be traversed instead and counts performed from 

the boundary or from positions that give the best view of the camp.  Again the proportion of 

the camp surveyed is estimated and the number of animals in this area estimated in order to 

enable a total count for the camp. 

The basic data collected by observers will be numbers of animals.  However, it is also 

possible, indeed desirable even if more time-consuming, for observers to collect additional 

data that can inform potential population modelling.  Two types of population structure data 

are particularly worth collecting.  The first is the sex ratio of individuals in the camp.  Roosting 

flying-foxes can be difficult to sex but when the genitals are exposed this is relatively easily 

done even from moderate distances.  Time constraints may mean that only a few roost trees 

can be sampled at a camp and these should be chosen using some randomisation procedure, 

e.g. in trees at predetermined distances along each transect.  Similarly, data on reproductive 

output can be collected by noting the number and age of juveniles encountered.  Finally, 

where mixed-species camps occur, the relative proportions of each species should be 

recorded. 

7.2.7 Data management in the field and across the program 

At the end of the census each observing team should collate their results and send 

them to the coordinator.  The coordinator will compare the collated results with the raw data, 

and with the data coming in from other teams, to check for any irregularities in the results.  

Exactly how this transfer is achieved should be decided early on.  Traditionally, data would be 

recorded onto datasheets or notebooks, then transcribed into a database, checked and sent 

off for inclusion into the national database.  For most regions data entry and submission using 

this method will require only an hour or two’s effort.  However, this additional time and the 

increased opportunity for error that arises at each stage that data must be re-entered or 

checked can be avoided.  With the growing ubiquity of smartphones and handheld computers 

the opportunity has emerged for reducing both the workload and errors by recording data in 

electronic and final database format at the point of collection.  Such field databases can then 

subsequently be synchronised with the main database.  With smartphones there is also the 
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opportunity not only for this data to be stored onboard but also for synchronisation to occur 

immediately over the mobile phone network.  Programs such as CyberTracker (Steventon et al. 

2011) allow electronic data collection with synchronisation upon return from the field while 

programs such as EpiCollect (Aanensen et al. 2009) allow synchronisation at the point and time 

of data collection.  A number of these programs allow detailed GPS tracking of both the data 

and the data collector and thus they also enable tracking of the path taken during the survey 

and therefore of the effort, e.g. search area, of the data collector.  These features are 

invaluable in determining the performance of the monitoring.  Designing survey data-entry 

programs with these applications is relatively easy and we recommend one of these electronic 

forms of data collection be employed. 

Census results should then be entered into some data storage system.  The base 

dataset, i.e. size and locations of camps, will be fairly small, so it is more important that the 

data management system be chosen for usability and security, rather than an ability to handle 

large datasets.  However, if additional data types are added to the collection process, e.g. sex 

ratios or proportion of young, there is the potential for the need for the development of a 

more complex database.  Again, the structure and platform of the database will be determined 

by the scope of the program and this must first be decided upon.  Standard database systems 

such as Access would be appropriate for storing the census data itself along with any 

additional population or metadata although immediate incorporation into databases such as 

the Living Atlas of Australia (Atlas of Living Australia 2011) should be considered. 

Responsibilities, access and data agreements would need to be negotiated with the 

relevant collaborators and contributors to the project. 

 

7.3 Analysis 

7.3.1 Options 

Our task was to develop a monitoring method for the estimation of abundance and 

trends in this for grey-headed flying-fox populations.  However, the method we have 

recommended will provide not only data on abundance but also on the distribution of the 

population across the species’ range.  This opens up the opportunity for analysis of how 

abundance and distribution interact and potentially the drivers of variation in this.  Such 
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combined analyses can be important in determining not just when management is required 

but also where that management might be most effectively implemented (Jones 2011; van der 

Burg et al. 2011).   

Analysis of abundance data is relatively simple and is conducted at the level of the 

transect, the camp, the region and the species’ range.  The number of animals detected on a 

transect, NT, is the sum of animals in all roost trees encountered.  The area surveyed, TA, is 

calculated as the sum of each of the distances over which enumeration was estimated to be 

possible multiplied by the interval at which these distances were measured.  The total area of 

the camp, CA, can be determined by mapping its boundary on the ground using a GPS unit or 

from aerial photography or Google Earth.  The total number of animals in a camp, NC, can then 

be estimated as NC=(CA/TA)NT . 

This relatively simple approach to the analysis assumes that though animals can often 

be detected beyond visual range they cannot always be counted.  Consequently, rather than 

estimate the effect of habitat structure on detection probabilities, as is done by methods such 

as distance sampling (Buckland et al. 2004), the distance over which animals can be counted is 

measured directly in order to provide an estimate of the area searched.  Of course, because 

the distance at which counts are made is recorded it is possible to also use distance sampling 

(Buckland et al. 2004) and other methods (e.g. Becker and Quang 2009) to estimate detection 

probabilities in estimating density.  Our preliminary analysis of this in the context of P. 

conspicillatus, however, suggests that the extreme variability in the structure of flying-fox 

camps makes direct estimation of the area searched, as described above, a more reliable 

approach (McKeown and Westcott, unpubl. data). 

The NC of all camps in a region are then summed to give a population estimate for the 

monitoring region, and the sum of all the regions provides the total population estimate.  Over 

multiple censuses this annual data forms the basis of population trend assessment.  This 

assessment may include, for example, regression analysis to test for rates of decline that differ 

from some critical threshold, e.g. rates that simply indicate population behaviour, differ from 

zero, or are sufficient for listing, c. 3% per annum (Westcott et al., in press). 

While monitoring for conservation management tends to focus primarily on changes in 

the abundance of species, it is increasingly recognised that changes in abundance over time 

represent just one dimension of the management need and that a characterisation of the 
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spatial dimension of these abundance changes is required for appropriate management 

responses (Jones 2011).  While the relationship between abundance and distribution has long 

been recognised in ecology (Andrewartha and Birch 1954), tools for assessing these 

parameters simultaneously in the management context are still being developed.  In the 

context of a group such as the pteropdids, where both distribution and abundance are so 

dynamic, this approach has particular relevance.  At the simplest level, changes in distribution 

and abundance can be described and depicted using a variety of spatial tools and basic 

statistical analyses, e.g. sequential mapping of abundance and analyses of range dynamics.  

More rigorous distributional predictions can be derived from capturing spatial autocorrelation 

between observations and using estimates of spatial dependence to map predicted abundance 

or occupancy (e.g. Thogmartin et al. 2006).  A number of analytical methods currently being 

explored in the literature should be assessed for application in the characterisation and 

analysis of flying-fox abundance and distribution data.  These include spatially and temporally 

hierarchical occupancy models, Markov chain Monte Carlo modelling, species distribution 

modelling and spatially explicit maximum likelihood modelling (e.g  Thogmartin et al. 2006; 

Royle et al. 2007b; Fink et al. 2010; Reside et al. 2010; van der Burg et al. 2011). 

 

7.3.2 Options for reducing uncertainty 

Monitoring programs are only effective if the information produced has sufficient 

accuracy and precision to resolve the underlying scientific or management questions (Field et 

al. 2007; Lindenmayer and Likens 2009).  Westcott et al. (in press) used simulation modelling 

to examine the effect of errors on the time taken to reach an 80% statistical confidence in 

detecting a relevant decline.  Failure to adequately census animals at a roost and errors 

associated with the particular enumeration method used (fly-outs and ground counts) had 

only a minimal effect on the time taken to reach 80% power.  By far the greatest 

improvements in statistical power were obtained by improving the precision around the 

proportion of the population counted.  They found that reducing the uncertainty in this 

proportion could reduce the time taken to reach 80% power by as much as 71%, or almost 10 

years to approximately 4 years, bringing the ability to detect trends in population size well into 

the timescales required for management of a contentious NRM issue. 
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Achieving such a reduction in uncertainty is clearly important, however, it is not 

necessarily easy.  Two ecological processes contribute to precision in the proportion of the 

population counted.  One is the movement of individuals between camps during monitoring 

resulting in those individuals being counted at more than one camp or not counted at all, and 

we have suggested that monitoring occur over a three day period to minimise these effects.  

The second is the movement of individuals in and out of the counted population.  We currently 

have little idea of the proportion of the population that is present in camps at any time of the 

year or of the number and size of uncounted camps.  Monthly counts of all P. conspicillatus 

camps in the Wet Tropics Region over the last seven years indicate that the number of animals 

in known camps fluctuates through the year from a rough average of 50,000 in the cooler 

months to 225,000 during the birthing season, November to January, and that numbers 

fluctuate in the peak months within and across years (McKeown and Westcott, unpubl. data; 

Shilton et al. 2008).  Similar annual fluctuations probably also occur for the P. poliocephalus 

population.  While monitoring during the annual peak will capture the greatest proportion of 

the population, we have no idea how large or variable the uncounted proportion of the 

population actually is.  Determining the magnitude and variation of this uncounted proportion 

will provide the greatest improvement on the time taken to reach 80% confidence in the 

detection of a decline (Westcott et al. in press).  This will be most effectively done as an 

ecological and telemetry study of the behaviour and movements of individuals of differing sex 

and social status and conducted as an adjunct to the monitoring program.  The aim of this 

work should be to determine what proportion of animals are not present in counted camps 

during the monitoring period, the proportions of animals in uncounted camps and roosting 

away from camps, and the size , number and distribution of uncounted camps.   

While the greatest gains in census efficacy can be made through research into the 

behaviour of P. poliocephalus during the summer, improvements to the accuracy and precision 

of the enumeration method are also possible.  However, the urge to do so should be tempered 

by the fact that, in the simulation modelling of the influence of biases, such improvements 

resulted in very minor reductions in time to detection of a decline (Westcott et al., in press).  

Possible research includes estimation of individual biases and estimation of the effect of 

vegetation structure on accuracy and precision.  Such studies could be easily incorporated into 

the design of the program and indeed some features we recommend, such as paired counters, 

would go some way towards this. 
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7.4 When to end monitoring? 

While it is easy to argue that a monitoring program be commenced, it is also 

reasonable to expect that at the outset some consideration be given to how long that program 

should continue.  The fact that flying-foxes have persisted as a focus of intense debate in terms 

of their agricultural, amenity and health impacts and as species of conservation concern over 

many decades suggests that they will remain a concern into the foreseeable future.  This in 

turn suggests that there may well be a continuing need for up-to-date monitoring data.   While 

this may indeed turn out to be the case, at each stage of the monitoring program its goals and 

objectives should guide the need to continue with the investment in monitoring and these 

triggers should be identified at the outset. 

If the primary objective of the monitoring program is to determine the population 

trends and distribution of the species then it seems reasonable to suggest that the program 

should continue until a level of statistical confidence in these parameters that is deemed 

acceptable, e.g. 80% power (Westcott et al. in press), is achieved.  If that trend is of a stable or 

increasing population and range then it may be appropriate to cease monitoring at that point.  

If, however, the population size or range is declining it may be decided to continue monitoring.  

Similarly, irrespective of population behaviour, if management is implemented, e.g. culling, 

removal of camps or habitat, then monitoring should be continued to document the effects 

and effectiveness of that management.  Monitoring of the population is not only useful in 

informing about the dynamics of the population, it can also inform about the threats and 

impacts of that population.  When the impacts are significant and while the abundance and 

distribution of the species remains dynamic, as is the case for flying-foxes, the potential for up-

to-date monitoring information to assist in assessing and predicting impact remains.  In this 

case monitoring may be continued until such time as the issues are no longer of concern.  It is 

also entirely possible that changes over time in the objectives and goals of the program may 

result in changes to the end point for the program.   

Ultimately decisions about the triggers for ceasing monitoring must rest with those 

who require that the monitoring be performed.  We suggest that the minimum period should 

be until such time as statistical confidence in the population trend is achieved plus any 

additional time required to determine the success of management programs implemented in 

response to this determination.  Even if no explicit timeframe is decided upon we suggest that 

the issue be revisited on a regular basis, e.g. once every four years. 



 

33 

8. IMPLEMENTING A NATIONAL MONITORING PROGRAM 

8.1 Logistics and resource requirements 

The critical logistics task in implementing a national census will be that of coordinating 

the program.  In the lead-up phase this role will be particularly involved in negotiating with 

stakeholders and participants the form and timing of the census, the resourcing of the 

program and its data management and reporting.  The coordinator will then need to oversee 

the formation of the monitoring teams and their preparation prior to the census.  This will 

include providing relevant local information held by different agencies, e.g. camp location 

data.  Finally they will need to coordinate data management and may also be involved in the 

analysis and reporting. 

The actual conduct of the census will require that monitoring teams have access to the 

following equipment: an appropriate vehicle, a good pair of binoculars for counting animals, a 

rangefinder for estimating distances, a GPS unit for recording camp boundaries and locations, 

and some means of recording data.  Irrespective of whether data collection is through 

hardcopy or electronic means it should be standard across the program. 

8.2 Communication Strategy 

The political debate associated with flying-foxes means that communicating the need, 

objectives and results of a national monitoring program will be fundamental to the success of 

the program.  This will require a communication strategy designed to build support and 

awareness of the program, and patience while monitoring is being conducted.  The targets of 

the communication program will be varied but will include the participants and collaborators 

in the project, e.g. Commonwealth and state governments, NRM groups, industry and the 

general public.  We suggest that because of the nature of these activities and the range of 

clients, this role might be assumed by the Commonwealth Department of Sustainability, 

Environment, Water, Population and Communities. 
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8.3 Occupational health and safety issues 

Flying-fox monitoring as proposed here raises a number of occupational health and 

safety issues that require consideration.  We recommend that a minimum set of safety 

standards be developed for the whole program. 

The activity that involves the greatest risk is the driving that is required to visit each 

camp.  In these circumstances this driving may be done in conditions that vary from city to 

four-wheel driving.  In areas where large distances must be covered long periods of combined 

surveying and driving may be necessary.  Observers should be properly trained for the varying 

conditions and where long periods of driving are involved driving responsibilities should be 

shared.  Vehicles should also be properly equipped with first-aid and telephones and should be 

of a standard suitable for the conditions to be encountered. 

The field work involved will in most circumstances require only short excursions away 

from a vehicle.  Irrespective of how far has to be travelled on foot in the bush, observers 

should be properly equipped for dealing with emergencies.  Safety equipment taken should 

include appropriate clothing and footwear, food, water, first-aid, compass and map, and a 

telephone. 

Flying-foxes are hosts to a variety of diseases that can be transferred directly or 

indirectly to humans. While the risk of transmission of any of these diseases is exceedingly low, 

simple but effective precautions should still be taken.  These include, i) wearing a hat, long 

sleeved shirts and trousers to minimise direct contact with faecal material and ejecta, and ii) 

not handling animals.  OHS procedures for these and other risks should be regularly updated. 

Specific disease issues related to flying-foxes include: 

 Bat Lyssavirus:  This virus is carried by both flying-foxes and microbats, and is closely 

related to rabies.  Fortunately it very rarely infects humans, with only two confirmed 

cases in Australia, both from handling infected bats.  It is recommended that all 

observers be vaccinated against rabies, and anyone who is bitten or scratched should 

seek immediate medical treatment and advice (Deptartment of Primary Industries and 

Fisheries 2011). 

 Mosquito borne virus:  Flying-fox camps frequently occur in habitats with high 

mosquito populations.  This may expose observers to diseases carried by these insects 

including a number of viruses such as Japanese Encephalitis (van den Hurk et al. 2009) 
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and Ross River virus (Harley et al. 2000).  Simple precautions when visiting flying fox 

camps, always wearing long pants and sleeves, and using insect repellent, should 

increase comfort levels as well as reduce disease risks. 

 Hendra virus:  Hendra virus is a potentially fatal disease carried by flying-foxes.  While 

this is an extremely serious disease, it appears that it is exposure to infected horses 

rather than to flying-foxes that results in transmission to humans (Breed et al. 2007).  

We therefore recommend that observers who must visit camps associated with horses 

have no contact with those animals during the census.  It is also appropriate that 

health and safety procedures be regularly reviewed. 

8.4 Detailed costing 

Below we present a costing for the conduct of a national census of P. poliocephalus 

using ground counts.  This costing is based on the 211 P. poliocephalus camp sites listed in the 

DSEWPaC database at the time that this report was prepared.  These camps were grouped into 

18 broad regions based on a visual assessment of reasonable geographic clusters and road 

networks.  Alternative camp groupings, e.g. using NRM boundaries, were also considered but 

did not result in any major changes to the cost.  Estimates of the equipment required and the 

time necessary for conducting monitoring was based on our experience of conducting a similar 

monitoring program for P. conspicillatus in the Wet Tropics Region over the last seven years.  

We assumed that for safety and error estimation reasons, all monitoring would be conducted 

by two person teams. 

We present a costing for each phase of the actual conduct of the program including 

training, preparation, and the monitoring itself.  We then present overall costs.  This  costing 

does not include the overall coordination, analysis and report associated with the census as 

the arrangements for these phases can have a significant effect on the costs, may require 

significant negotiation between stakeholders, and are currently uncertain. 

Previous flying-fox monitoring programs have relied almost entirely on volunteer 

labour and volunteer paid transport costs (Garnett et al. 1999; Eby 2002b, 2003, 2004) and 

consequently these costs have been invisible.  We have performed our costing under two 

scenarios: including salaries and excluding salaries.  The former provides an indication of the 

full cost of the program while the latter provides an indication of the cost should volunteer 

labour be used or if relevant agencies donate the time of the staff to the census.  Because 
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labour costs are likely to vary significantly we have assumed a daily cost of $500 for observers 

and a mileage cost of $1/km. 

8.4.1 Monitoring Coordination 

The task here is to ensure that each of the regional monitoring teams is adequately 

trained and equipped, and to organise each monitoring session.  This will include scheduling of 

training, conducting training, scheduling monitoring sessions and ensuring that data is entered, 

checked, submitted and collated.  We assume that some of this coordination activity will 

include training in subsequent censuses as counters leave the program or new regions are 

established. 

Table 1.  Coordination costs 

Item 
units or 

days 
# 

people regions 
unit 
price cost 

salary 20 1 1 600 12000 

travel 3 1 1 1000 3000 

total         15000 

 

8.4.2 Training 

A network of counters that conducts surveys on a regular basis and does so using 

standard techniques and to an accepted standard is fundamental to reducing biases in large-

scale monitoring programs.  Training in the method is a standard tool for achieving this.  In the 

case of flying-fox observers training is further warranted because it is anticipated that 

particular individuals within organisations would retain the responsibility for conducting 

surveys over the longer-term, meaning that a small investment would provide longer-term 

benefits.  Should it be necessary to recruit new counters to the program these counters will 

need to undergo training. 

Training will be most efficiently conducted in small groups simply because the 

disturbance created in a camp by the presence of large groups of people or repeated 

intrusions, is likely to reduce the effectiveness of the training.  Furthermore, by training in 

small groups and conducting that training in most local regions, more individual counters can 

be trained than might otherwise be the case and a greater emphasis can be placed on ensuring 

that counter performance is of an appropriate standard. 
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Retention of skills requires either regular practise or regular training.  Given the gap 

between the different censuses it is worth considering whether some form of training should 

be conducted each year prior to the first census to ensure that counters retain their skills and 

adhere to the standardised methods.  Updating and refreshing of skills might be achieved 

through informal or web –based approaches and exercises. 

Table 2.  Training costs 

Item 
units or 

days 
# 

people regions 
unit 
price cost 

Counter salary 0.5 2 18 500 9,000 

Car rental 28 
  

75 2,100 

Trainer salary 18 1 
 

1,000 18,000 

Airfares 2 1 
 

1,500 3,000 

Accommodation 25 1 
 

110 2,750 

Meals 28 1 
 

75 2,100 

Total 
    

36,950 

      total ex counter 
salaries 

    
27,950 

 

8.4.3 Preparation for first surveys 

We budget preparation for the first census separately to that of subsequent censuses 

because it is at this stage that we might expect that the least is known about the distribution 

of camps and the P. poliocephalus population.  Ensuring that this first preparation period is 

adequately resourced maximises the efficacy of what will become the benchmark census.  This 

initial preparation phase is not necessarily straightforward.  Camps are often known about 

only by locals and even then, large camps can go undetected by all but the closest residents.  

Thus a significant amount of effort is required seeking out information from stakeholders and 

the general community.  The activities engaged in during this phase consist largely of 

consultation, publicity and site visits by observers.  In some regions this work will already be 

largely done and need only be reviewed, however, for this costing we assume that it must be 

done in all regions.  Here we present averages but the time required will depend on the 

number of camps and history of each region.  Canberra, for example, will require very little 

effort whereas the Northern Rivers with many camps and a complex geography will require 

much more effort. 
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Table 3.  Costs for first preparation phase 

Item 
units or 

days 
# 

people regions 
unit 
price cost 

Salary, consultation 2 1 18 500 18,000 

Salary, field visits 1 2 18 500 18,000 

Mileage 500 
 

18 1 9,000 

Phone etc 200 
 

18 1 3,600 

Media 
  

18 250 4,500 

total 
    

53,100 

total ex salaries 
    

17,100 

8.4.4 Preparation for subsequent censuses 

Table 4.  Costs for subsequent preparation phases. 

Item 
units or 

days 
# 

people regions 
unit 
price cost 

Salary consultation 2 1 18 500 18,000 

salary, field visits 1 2 18 500 18,000 

Mileage 250 
 

18 1 4,500 

Phone etc 100 
 

18 1 1,800 

Media 
  

18 250 4,500 

total 
    

46,800 

total ex salaries 
    

10,800 

 

8.4.5 Equipment costs 

Equipment costs for a national survey are relatively modest and, because they are 

comprised largely of standard equipment for most conservation agencies, may well be 

significantly reduced if this equipment can be accessed.  This basic equipment is binoculars of 

an  adequate quality (e.g. 10x40), rangefinders and handheld GPS units.  We include in this list 

the cost of vaccinations for Australian Lyssa virus as a standard precautionary requirement for 

all counters. 

Table 5.  Equipment costs. 

Item units or days 
# 

people regions 
unit 
price cost 

Binoculars 1 2 18 1,000 36,000 

Rangefinder 1 
 

18 400 7,200 

GPS 1 
 

18 120 2,160 

Misc 1 
 

18 200 3,600 
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vaccinations 1 2 18 300 10,800 

total 
    

59,760 

total ex standard equipment* 
   

14,400 

*miscellaneous and vaccination costs only 

 

8.4.6 Monitoring 

The time required to census a camp will vary depending on its accessibility, whether it 

is occupied and its size.  In this analysis, because we cannot anticipate the accessibility of 

individual camps, we are assuming that all are relatively easily accessible and that doing so 

does not add significantly to the overall assessment time. 

Monitoring of P. conspicillatus provides a guide to the time taken to census a camp.  In 

this work, unoccupied camps usually require a visit of approximately 15 minutes in order to 

confirm that animals are not present.  When camps are small (<1000 individuals) and 

individual flying-foxes can be counted, visits average c. 30 minutes.  Larger camps can require 

as much as two and a half hours.  These costs are based on 15 minutes for unoccupied camps 

and an average of one hour for occupied camps. 

The total time required for a regional survey is then a function of the driving time 

between camps and the time taken to survey the camps.  To estimate this for each of the 

broad regions used in this we assume that only 35% of camps are occupied in any given bout 

of monitoring (Eby 2004). 
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Table 6.  Data used to estimate the costs associated with conducting a census. 

Region 
 # 

camps 

# 
occupied 

camps 

# 
unoccupied 

camps 

1st 
prep. 
time 
(hrs) 

prep 
time 
(hrs) 

assessment 
Time (hrs) 

driving 
distance 

(km) 

driving 
Time 

(70km/h) 

survey 
time 
(hrs) 

total 
time 
(hrs) 

Adelaide 1 1 0 0.25 1 1 2 0 1 2 

Bendigo 1 1 0 0.25 1 1 0 0 1 2 

Brisbane 38 8 30 5 38 15.5 839 12 27 65 

Bundaberg 4 1 3 1 4 1.75 516 7 9 13 

Canberra 1 1 0 0.25 1 1 7 0 1 2 

Coffs 31 7 24 5 31 13 783 11 24 55 

Gladstone 1 1 0 0.25 1 1 133 2 3 4 

Lismore 37 8 29 5 37 15.25 671 10 25 62 

Melbourne 6 2 4 2 6 3 162 2 5 11 

Nambour 12 3 9 3 12 5.25 532 8 13 25 

Narooma 10 3 7 3 10 4.75 533 8 12 22 

Newcastle 23 5 18 5 23 9.5 618 9 18 41 

Nowra 6 2 4 2 6 3 344 5 8 14 

Orbost 9 2 7 2 9 3.75 699 10 14 23 
Port 
Macquarie 21 5 16 5 21 9 590 8 17 38 

Stanthorpe 1 1 0 0.25 1 1 50 1 2 3 

Sydney 8 2 6 3 8 3.5 239 3 7 15 

Warrnambool 1 1 0 0.25 1 1 0 0 1 2 

Total 211 43 168 42.5 211 85 6,719  96 181 392 
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Table 7. Monitoring costs 

Item units or days 
# 

people regions 
unit 
price cost 

mileage 500 1 18 1 9,000 

salary, regions 3 2 18 500 54000 

total 
    

63,000 

Total ex salaries 
    

9,000 

8.4.7 Total cost scenarios 

Here we present two cost scenarios for a national census.  In the first (Table 8), we 

assume that all costs are borne directly by the monitoring program itself.  In the second (Table 

9), we assume that the monitoring is conducted by conservation agencies and that the salaries 

and standard equipment identified above are provided by the agencies or volunteers.  As we 

did previously, we distinguish between the first and subsequent censuses, with the first census 

requiring training, vaccinations and increased preparation time.  We assume that for 

subsequent censuses no additional training, equipment or vaccinations are required.  In 

practice this will not be the case due to staff turnover, however, without knowing the exact 

arrangements it is difficult to predict the cost implications of this turnover. 

Table 8.  Estimate of the full cost of national census, including salaries and equipment costs 

First census 
   

Subsequent censuses 

Coordination 
 

12000 
 

Coordination 15000 

Training 
 

36950 
 

Preparation 46800 

Preparation 
 

53100 
 

Monitoring 63000 

Equipment 
 

59760 
    Monitoring 

 
63000 

    total 
 

224810 
 

Total 
 

124800 

 

Table 9.  Estimate of the cost of a national census assuming that costs are shared, i.e. salaries 

and standard equipment covered by Agencies or volunteers. 

First census       Subsequent censuses 

Coordination 
 

12000 
 

Coordination 15000 

Training 
 

28000 
 

Preparation 10800 

Preparation 
 

17100 
 

Monitoring 9000 

Equipment 
 

14400 
    Monitoring 

 
9000 
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total   80500   Total   34800 

 

8.4.8 Analysis and Error Estimation 

In the preceding section we have identified the costs involved in conducting the 

census but have not included the costs of two important components of the work: analysis of 

monitoring data, including the development of predictions of distribution and its 

determinants, and research to quantify and minimise estimation errors.  Though we are 

treating these activities separately to the monitoring program for logistical reasons, the work 

would be a necessary and fundamental complement to that program.  It would: i) provide 

analytical support to the monitoring program, developing appropriate analytical methods and 

refining the design of the monitoring program in the light of incoming data, ii) provide the 

error estimation that would significantly reduce the time taken for confidence in detecting 

population trends (Westcott et al., in press), and iii) develop methods for the prediction of the 

distribution of the risk of flying-fox impacts, including nuisance, crop raiding and disease spill-

over.   

This work would focus on the two flying-fox species currently listed under the EPBC 

Act and which would be the focus of monitoring activity: P. poliocephalus and P.conspicillatus.  

These species are also at the centre of concerns around Hendra spillover events.  Including 

spectacled flying-foxes makes it possible to use the long-term monitoring data and the on-

going monitoring program for this species for the immediate development of error 

assessments and analysis methods required for interpreting the results of the grey-headed 

flying-fox monitoring program.  This will ensure that these methods are available as the P. 

poliocephalus monitoring data comes to hand. 

The work included here will be a mixture of quantitative and statistical analysis and 

ecological fieldwork.  We recommend that a full-time post-doctoral or early career scientist be 

employed for the program and provided with adequate operating for field work and technical 

support.   We estimate a cost of as much as $340,000 per annum over a 3-4 year period. 

9. SUMMARY. 

We have outlined a design for a census methodology that can form the methodology 

for a national census of Pteropus poliocephalus.  A national count of all of Australia’s flying-
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foxes is required to reduce risks to human health, ecosystem function and agriculture, 

including both the fruit and horse industries.  The suggested design incorporates our 

understanding of the dynamics of flying-fox populations and has the following features: 

 it uses camps as the sampling unit, 

 it is intended to be conducted as a census in that it will attempt to include all camps in the 

species’ range, 

 it is conducted during the summer months when the greatest proportion of the population 

is found in camps and could be supported by regular censuses during the rest of the year 

to inform about annual dynamics, 

 it utilises ground counts in order to allow a small group of monitors to cover all known 

camps across the species’ range in a period of three days. 

The outlined methodology is based on an assessment of the spatial and temporal 

dynamics in flying-fox populations, is focused on improving our understanding of the system 

and is designed to address specified management information needs.  The method is designed 

to be assessable and has the power to detect management-relevant behaviour for a minimal 

cost.  Furthermore, because the geographical scope of monitoring is easily modified the 

program can be simply adapted to encompass changes in the distribution of the population. 
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