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ABSTRACT

The high degree of environmental heterogeneity present in Australia has
resulted in species possessing specific traits that ensure their survival, one
such trait is a high degree of mobility. Some species will migrate or travel long
distances in order to track seasonally available resources. This makes the
monitoring of mobile species difficult and as climate change continues to affect
the timing and availability of these resources, understanding the response of
these species is more important than ever. Here I use flying-foxes (Pteropus
spp.) as a study group as they are highly mobile, the influence of climate
change on their distribution is yet to be investigated, they have complex
management issues and they are widely distributed across coastal Australia. I
identify methods of monitoring highly mobile flying-foxes on a variety of spatial
and temporal scales. I then apply the ecological information collected to a
specific management issue: bat strikes in the aviation industry.
I develop a new method of monitoring flying-foxes at camps that are difficult to
access: aerial photography. This technique produces results comparable to
traditional census methods, and the remote capture allows access to
information on camps that were impossible to access before. My results from
North Queensland show that camp use is highly variable and that patterns
shown at a regional level are not necessarily reflected at all camps. This
technique can be applied across large areas and could be the key to a national
monitoring strategy for Australian flying-foxes.
I then develop climate models for all four Australian mainland flying-foxes on a
national scale and find that parameters associated with precipitation are the
single most important climatic factor contributing to flying-fox camp location.
This could be due to the importance of precipitation for the fruiting and
flowering phenology of flying-fox food trees. When modeling the changes in
climatic space for these four species with global climate data from 2030, 2050
and 2070. I find that three species (Pteropus alecto, P. conspicillatus and P.
scapulatus) should experience an increase in mean area and abundance at
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each time slice and that one species shows a decrease (P. poliocephalus).
With variable future projections for precipitation in future global climate models
and the absence of finer scale data, this should be interpreted with caution.
Changes in distribution have been identified for all four species already and a
camp has been located that now contains all four species, when previously only
two were known to co-roost at this location. The climate at this location is
suitable for the two newly recorded species but marginally so for one (P.
conspicillatus). Evidence suggests that P. poliocephalus has historically
occurred at this location but that P. conspicillatus has more recently occurred in
this region, possibly as a result of climate change.
To explore the ecological factors influencing behaviour at a local scale,
emergence timing at a flying-fox camp in tropical North Queensland was
investigated. This also allowed me to determine if the factors influencing
emergence timing in the tropics differed from other areas. I found that a linear
relationship with the time of civil twilight explains most of the variation in
emergence time, but that significant effects of weather, month and year also
exist. Many of these factors also related to light levels, with cloud cover and
heavy rainfall, delaying emergence. There was also a possible influence from
increased anthropogenic lighting over the seven years of the study as I found
that yearly variation in emergence time is correlated with increased activity from
a nearby port, possibly reflecting increased light pollution. On a monthly basis,
emergence timing was influenced by seasonal variation in roost occupancy,
suggesting that foraging competition may also influence this behaviour. At a
finer scale again, I investigated roost tree usage within camps and found high
variability on a variety of time scales with seasonal changes in abundance
overlain on highly variable day-to-day patterns of roost use.
To apply this information to a current management problem, I next investigate
flying-fox movements and strikes at a local airport and on a national scale. To
identify movement patterns at an airport, I develop motion-detecting infra-red
camera technology to detect nocturnal wildlife movements. I found that flyingfoxes dominate the nocturnal wildlife activity at this airport and that there are
seasonal peaks of activity in the periods preceding and following the wet
- vi -

season. These peaks of activity correspond with flowering peaks of food trees
in the region and a nightly peak of activity after sunset corresponded with the
emergence time of flying-foxes in the region. Flying-foxes and birds had
opposing directional movements with flying-foxes moving toward the urban
centre in the evening whilst diurnally active birds were leaving the area. The
pattern reversed in the morning when flying-foxes returned to the camp. This
can be explained by the different activity patterns of these groups with both
going to forage at different times. Infra-red cameras can provide an efficient
and inexpensive monitoring tool for aviation managers and the similarity of local
studies to national patterns provides evidence that nocturnal monitoring of
wildlife can provide an excellent mitigation strategy. Data on a national scale
showed that flying-fox strikes are increasing, are greatest in tropical regions,
and are more likely during early evening and while an aircraft is landing rather
than departing. These studies show that movements and patterns of aircraft
strike differ for flying-foxes and birds and highlight the importance of taxonspecific studies.
I have shown that good baseline ecological data from a variety of spatial and
temporal scales can provide important information for the management of
flying-foxes at a local airport. I have also provided an overview of many
monitoring methods that can be translated to other regions and to other highly
mobile species.
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