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Abstract 

Radio telemetry was used to investigate roosting and movement patterns of the black 

flying fox (Pteropus alecto) in the seasonal tropics ofthe Northern Territory. Sixteen 

P. alecto were tracked during a 12 month period to 34 roosts and were recorded at 49 

foraging sites. Pteropus alecto moved roosts seasonally, from bamboo and mangrove 

habitats in the dry season to rainforest in the wet season. All radio-collared male and 

A female P. alecto roosted in rainforest during the major part of the wet season. Climatic 

influences may be responsible for this behaviour with rainforest perhaps providing 

stable temperatures and shelter from the monsoonal rains. There was a significant 

seasonal difference in the distances moved by females between successive roosts. There 

was an association between roosting and foraging habitat: P. alecto roosting in bamboo 

and mangroves foraged predominantly in woodland, P. alecto roosting in rainforest 

foraged in Melaleuca spp and rainforest habitat. Females covered greater distances from 

roosts to foraging locations than did males. Distances from roosts to foraging sites were 

reduced for males and females during the build-up season (September to November) 

and wet season (December to April). Seasonally, foraging habitat shifted both 

floristically and spatially with no significant difference between the sexes. 

The movements of one female P. alecto were recorded at hourly intervals over three 

consecutive nights at the beginning of the wet season. Movement patterns were very 

similar between nights and over these three nights she foraged in at least 7 distinct 

locations. The total distance moved per night was 15.5 km to 19.9 km including return 

distance to the roost, assuming straight line movements. Most foraging was done less 
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than 6 km from the roost. The ratio of total distance moved with respect to mean roost 

to forage site distance was similar between nights (3.8- 4.3), suggesting that a single 

roost site to forage site distance recorded during this study can provide an index of total 

foraging distance. 

Radio-collared animals selected foraging sites that were richer in flower or fruit 

• resources when compared to floristically similar sites. Pteropus alecto moved 

throughout the landscape in response to the flowering and fruiting of a number of plant 

species in different habitats. Pteropus alecto foraged only in canopy or emergent trees 

and foraged on the flowers and fruit from 23 species in 11 families. It appears that P. 

alecto has sophisticated strategies for tracking the availability of patchy resources that 

occur in reasonably high densities. 

The likely probability of ingested seeds being dispersed between rainforest patches was 

assessed. When gut transit time for seeds, wet season distances and movement patterns 

for radio-collared P. alecto are incorporated into a seed dispersal model, it becomes · 

evident that P. alecto is an important disperser of seeds between different rainforest 

patches. 

Pteropus alecto roosted or foraged in six major habitat types in the study area 

suggesting a flexible strategy for exploiting patchily distributed resources in the 

seasonal tropics of northern Australia. Land tenure status identified for foraging and 

roosting positions recorded for P. alecto emphasises the lack of protection for habitats 
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used by this species. Only 3% of foraging or roosting positions were recorded in any 

type of conservation reserve. Pteropus alecto requires a range of habitats over a large 

area for roosting and foraging requirements. No matter how well placed conservation 

reserves are, P. alecto will be substantially dependent on differing types of off-reserve 

land. Therefore, we need to develop and implement off-reserve land management 

practices that take into account P.alecto's seasonally distinctive and sometimes 

" contrasting requirements for roosting and foraging habitat. 
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Chapter 1 

General Introduction 

Flying foxes (genus Pteropus) occur throughout the tropical oceanic regions of the Old 

World and perform a primary role in pollination and seed dispersal of many plant 

species in these tropical forests (Start and Marshall1976; Marshall1983, 1985; Fujita 

and Tuttle 1991 ). However, basic ecological data for most species is still lacking 

despite the ecologically important role these animals perform (Fujita and Tuttle 1991 ). 

There are about 200 species of Pteropus recorded and in the past they were considered 

to be abundant throughout much of the Old World (Fujita and Tuttle 1991). However, 

with habitat destruction and over-hunting, many populations are now in decline (Cheke 

and Dahl1981; Cox 1983; Wiles 1987). 

In Australia, most studies of Pteropus have focused on P. poliocephalus (Ratcliffe 

1931; Nelson 1965a, b; McWilliam 1986; Eby 1991a, b; Parry-Jones and Augee 1991, 

1992), a species distributed from sub-tropical Queensland to Melbourne, Victoria 

(Menkhorst and Dixon 1985). In contrast, studies at tropical latitudes on Pteropus are 

rare, despite the predominantly tropical distribution of the genus. 

In northern Australia, P.alecto is common and widespread (Richards 1995) and has a 

distribution from sub-tropical to tropical latitudes (Strahan 1995). The diet of P. alecto 

consists of a combination of nectar, pollen and rainforest fruits, and the species is 

regarded as dietary generalist (Richards 1995). 



Although there is limited information on the role that P. alecto performs in the seasonal 

tropics of northern Australia, studies here are likely to be rewarding because the 

landscapes remain structurally intact (Whitehead et al. 1992; Woinarski et al. 1992). 

Hence, patterns will be dictated by the biology of Pteropus and intact landscapes rather 

than the consequences for substantial human-derived habitat change. 

Here I report a study of radio-collared P. alecto in the seasonal tropics of northern 

Australia which aimed to provide an assessment of the role of these animals in 

maintaining an important but vulnerable feature of these landscapes, patchy rainforest 

habitats. However, other habitats had to be considered because of the marked 

seasonality of flower and fruit resources in the rainforest patches. 

This thesis is presented in five chapters. Chapters Two and Three are written as 

individual papers and examine the influence of phenology on the movement patterns, 

roosting habitat, foraging habitat and diet of P. alecto within the habitat matrix. Chapter 

Four is also written as an individual paper and assesses the likely probability of seeds 

ingested by P. alecto being dispersed between rainforest patches. The fifth chapter 

presents a synopsis of the three previous chapters and proposed future management 

directions. A brief description of each of the following chapters is given below. 

In Chapter Two, I consider the roosting characteristics of P. alecto across a 12 month 

period, and examine how patchily distributed food resources in a vast, superficially 
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homogeneous landscape influence the movement, roosting and foraging pattern of this 

large mobile nectarivore/frugivore. 

In Chapter Three, I report the influence of phenology on the foraging strategies within 

the habitat matrix, and the way this mobile species moves through the landscape, 

locating resources of the density and quality required to sustain it. The influence of 

A phenology at a number of rainforest patches and habitats outside the rainforest patches 

is recorded in conjunction with seasonal activity and abundance of P. alecto. Plant 

species in the diet are identified over a 15 month period. 

In Chapter Four, I use a simple probability model to evaluate the likelihood of ingested 

seeds being dispersed by P. alecto to different rainforest patches. Two scenarios of seed 

dispersal are considered in the model: 1) foraging site to roost site; and 2) foraging site 

to foraging site. Data collected during this study that were incorporated into the model 

included: maximum wet season movements, gut passage time, distance between 

rainforest patches and configuration of rainforest patches within the study area. 

Chapter Five is a brief synopsis of the conclusions presented in the previous chapters. 

Management directions for P. alecto are briefly discussed with respect to the 

information presented in this thesis. 
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Chapter 2 

Seasonal roosts and foraging movements of the black flying fox 

Pteropus alecto in the Northern Territory: Resource tracking in a 

landscape mosaic 

Introduction 

The seasonal tropics of northern Australia comprises a broad mosaic of habitats. Within 

this patchy landscape, resources fluctuate markedly in response to the striking climatic 

seasonality. Many animals respond to this temporal and spatial variability by distinct 

seasonal habitat shifts and/or by using a range of habitats for different ecological 

requirements (Woinarski et al. 1992). Such species may pose.conservation management 

problems, because they require access to a range of habitat types (sometimes in 

particular juxtaposition). The flying foxes or fruit bats (genus Pteropus) provide an 

extreme example of this trait, because they require rich but usually ephemeral food 

resources (fleshy fruit and nectar) and have distinctive (and sometimes contrasting) 

requirements for roosting and feeding habitat. 

The roosting ecology ofbats can be viewed as a complex interaction of physiological, 

behavioural, and morphological adaptations and demographic responses (Kunz 1982). 

Roosting habit may be influenced by roost abundance and availability, predation risks 

and the distribution and abundance of food resources near the roost. Roost selection 

may also be influenced by surrounding topographic features, like watercourses and 

valleys, that could aid in navigation when returning to the roost (Hall and Richards 1991 ). 
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New World fruit bats (Family Phyllostomidae) use a broad range of structures and 

habitats for roosts including hollow limbs (Morrison 1978 a), caves (Fleming 1988) and 

rainforest leaves (Morrison 1980). However, Pteropus flying foxes (Family 

Pteropodidae) generally roost only in tree canopies of mangroves, rainforest, Melaleuca 

swamps, in vegetation along river banks and, occasionally, in open forest (Nelson 

1965a; Hall 1981 ). Except for Rousettus spp., Megachiropteran bats are excluded from 

most internal roosts because of their inability to echolocate (Kunz 1982), although there 

are a few records of P. subniger and P. alecto roosting in caves and overhangs (Stager 

and Hall1983). Dobsonia moluccensis has been recorded roosting in the twilight zone 

of caves and in massive boulder piles (G. Richards per. comms.). 

In Australia, Ratcliffe (1931) and Nelson (1965a, b) considered that the number of 

individuals in Pteropus roosts depended on food availability. Usually, roosts that 

contain large numbers of flying foxes are associated with the blossoming and fruiting 

of a specific food source (Wodzicki and Felten 1975; Prociv 1983; McWilliam 1986; 

Parry-Jones 1987). 

Morrison (1978b) suggested that colonial roosting animals are under selective pressure 

to minimise not only the time needed to find a food patch, but also the distance from 

this patch to the roost. Richards (1990a) demonstrated that proximity of roosts to food 

resources is important for P. conspicillatus in north Queensland. Me William (1986) 

reported that P. alecto and P. scapulatus in north eastern New South Wales changed 

roost sites in order to maintain foraging distances below 25 km, leading to seasonal 
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movements from coastal areas to the hinterland. Comparable regular movements 

relating to food availability have been demonstrated for P. poliocephalus (Eby 1991a). 

Movements patterns may also be influenced by climate (Me William 1986). The 

majority of roosting and foraging information for Pteropus in Australia is from P. 

poliocephalus (Ratcliffe 1931; Nelson 1965a, b; McWilliam 1986; Eby 1991a, b; Parry

Jones and Augee 1991, 1992), a species distributed from sub-tropical Queensland to 

,. Melbourne, Victoria (Menkhorst and Dixon 1985). Much ofthe overall management of 

Pteropus has been motivated by the damage Pteropus spp irregularly cause to 

commercial fruit crops (Eby 1995). In contrast, ecological studies on Pteropus at 

tropical latitudes are rare, despite the predominantly tropical distribution of this genus. 

In Australia, Pteropus alecto occurs from sub-tropical to tropical latitudes. Elsewhere 

this species is found in southern New Guinea, Sulawasi, Saleyer, Lombok, Lesser 

Sumba Islands and Suvu (Strahan 1995; Flannery 1995). Although it occurs primarily 

in coastal areas (Troughton 1957; McWilliam 1986), in the Northern Territory it has 

been recorded as far as 250 km inland (Thompson 1991). 

Pteropus alecto weighs 500-700 grams (Strahan 1995) and is regarded as a dietary 

generalist, feeding on a combination of nectar, pollen and rainforest fruits (Richards 

1995). Fourteen plant species (both flowers and fruits) have been recorded in the diet 

of P. alecto in Kakadu National Park (Friend and Braithwaite 1986). McCoy (1990) 

examined the role of P. alecto and P. scapulatus in pollinating two species of 

Eucalyptus and demonstrated that these flying foxes transport pollen and are probably 
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important pollinators. Loughland (1993) studied roost selection in P. alecto during one 

dry season in Kakadu National Park and reported that roost habitats in the study area 

were rare and restricted to vegetation in areas abutting or near permanent water. Roost 

location and foraging resources within commuting distance influenced the distribution 

and roost size for P. alecto. 

Rainforests in the Northern Territory are patchily distributed, and in no region constitute 

more than 2% of the total vegetation (Russell-Smith et al. 1992). There are 

approximately 15,000 rainforest patches in the monsoonal north of the Northern 

Territory (Russell-Smith and Lee 1992), with plant species in these rainforest patches 

varying in their ability to disperse seeds. Nevertheless, it is the ability to disperse seeds 

that may be the key to long-term survival for these rainforest-patches. The high floristic 

variation between patches may provide a food resource that only highly mobile 

nectarivores/frugivores can access. 

Here I report a study which examines roosting characteristics of P. alecto across a 12 

month period in tropical northern Australia. I examine how patchily distributed food 

resources in a huge, superficially homogeneous landscape influence the movements of 

this large mobile nectarivore/frugivore. 

Methods 

Study Site 

Gunn Point Peninsula, a site approximately 40 km x 60 km in size (Fig 2.1 ), was chosen 

as the main study site because of its proximity to Darwin and reasonable access even 
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Fig. 2.1. Gunn Point Peninsula study area and capture sites. 
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in the wet season. Gunn Point Peninsula contains a range of habitats including discrete 

rainforest patches within a matrix of eucalypt open forest, floodplain vegetation and 

mangrove communities. The Peninsula is bounded by the sea and a major river system. 

Open forests and woodlands are dominated by Eucalyptus miniata and/or E. tetrodonta 

with a dense ground cover of annual grasses (Sorghum spp ). Flood plains consist of flat, 

treeless areas that are divided by river channels, tree-ringed billabongs and paperbark 

~ (Melaleuca spp) swamps. Mangrove communities form belts along the banks oftidal 

creeks and rivers, and these areas range from narrow bands to dense impenetrable closed 

forests. Rainforests in the region consist of three broad groups: wet, spring fed 

rainforests, dry deciduous coastal vine thickets and riparian strips. They range in size 

from < 1 to 100 ha (Russell-Smith and Bowman 1992). Smaller areas of riparian 

patches occurr within the Eucalyptus forests. There are isolated trees (especially Ficus 

virens and Maranthes corymbosa) which occasionally provide very rich fruit resources. 

Overall the vegetation remains relatively intact (Woinarski et al. 1992; Whitehead et al. 

1993). There has been little clearing or gross habitat modification, although much of the 

land is managed for pastoralism (Woinarski et al. 1992; Whitehead et al. 1993). Land 

tenure status for roosting and foraging sites recorded during this study were identified 

using the Geographical Information System (GIS). 

The average annual rainfall for the Gunn Point Peninsula is 1496 mm(± 464.9 SD) 

which is highly seasonal, with most rain falling in the months November to March, 

associated with the influence of the north-west monsoon. Total rainfall and timing 

(especially the onset of the wet season) may be highly variable from one year to the 
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next (Taylor and Tulloch 1985). Average temperatures for the area range from a 

minimum 18.0 °C in the coolest month (July) to a maximum 33.7° C in the warmest 

month (October) (Gunn Point Prison Farm, Bureau of Meteorology) (Fig 2.3). 

Flower and fruit abundance is strongly seasonal in the rainforests and surrounding 

woodlands. Flowers are particularly abundant in the woodland during the dry season 

4 
(Franklin 1994; Setterfield and Williams 1996). Flowers in the wet rainforest patches 

peak around October, and fruits are abundant during the wet season (C. Bach unpubl). 

P. alecto Capture and Radio Telemetry 

Roosts used as capture sites for P. ale eta were selected largely on the basis of proximity 

to the Gunn Point Peninsula study area and access. A dry season maternity roost, 

occupying a thicket of bamboo (Bambusa arnhemica) on the western bank of the 

Adelaide River (12 ° 41' 58"S, 131 ° 17' 45"E), was chosen as the first capture site. A 

second roost in a bamboo thicket on the floodplain margin of the Adelaide River (12 ° 

40' 06"S, 131 ° 14' 31 "E) and a foraging site in a rainforest patch (12 ° 27' 34"S, 131 ° 

1 0' 36"E) were also used. 

Animals were captured usmg either a harp trap designed to capture large 

megachiropterans (Tidemann and Loughland 1993) at roost sites, or mist nets set in the 

canopy of a rainforest patch where animals were foraging. All captured animals were 

weighed, forearm measured and assessed for reproductive condition (using Australian 

Bat Banding criteria) and then fitted with a numbered metal thumb band. Radio-collars 
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(Spencer et al. 1991) were attached to suitable individuals (flying foxes >500 g). 

Animals were then released immediately at the capture site. 

Transmitters were a 2-stage design (Titley Electronics) with a 30 cm whip antenna and 

powered by a 3.5 V lithium battery with an approximate range from the air of 15 

nautical miles. The total weight of the transmitter and collar was 22 g representing 

~ about 3% of adult weight. Flying foxes were tracked to roosts and foraging sites from 

a Cessna 172 aircraft using a Telonics receiver and scanner and two H-frame antennas. 

Opportunistically, flying foxes were tracked on the ground to roost sites and foraging 

areas using a hand held H-frame directional antenna and an ATS receiver/scanner. 

The transmitter batteries had an expected life of six months and given that there was 

little probability of retrapping radio collared individuals, the trapping strategy was to 

capture flying foxes in two main groups four to six months apart to gather 12 months 

of continuous radio tracking data. 

Roost Sites 

Roost sites of radio-collared individuals were systematically recorded in the second and 

fourth week of each month (July 1995 - June 1996) and also opportunistically, 

depending on access. Broad habitat of these roost sites was assessed from the air each 

month, and wherever possible, a subset of these roosts were ground truthed. Data 

recorded at ground truthed roosts consisted of: 1) habitat where animals were roosting; 

2) number of P. alecto roosting in 5 trees then multiplied by number of trees with 
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roosting animals; 3) height of roosting P. alecto; 4) spacing of individuals; and 5) 

sexual composition of the roost population. 

Foraging Movements 

For as many radio-collared individuals as possible, foraging positions were recorded in 

the second week of each month. One-way foraging movements were measured from the 

A roost site (located between 0900 hrs and 1600 hrs) to the foraging position recorded 

from a night flight (between 2000 hrs and 2400 hrs) on the same day. Experience from 

another study in daylight hours suggests aerial errors of up to ±300 m with transmitters 

of similar range with experienced observers (P. Whitehead pers. comm.). All nocturnal 

fixes recorded were assumed to be of stationary animals when the modulation of the 

transmitter signal was steady. 

When possible, foraging positions located from aerial tracking each month were 

accessed on the ground and habitat details were recorded. Although no direct 

observations of flying foxes were made at these sites, the availability of the resources 

at the site was assessed. Where foraging sites were inaccessible, broad habitat types 

were described from the air. 

Triangulation 

As a guide for the interpretation of the single fix data from this study, the movements 

of one female P. alecto were monitored hourly over three successive nights via two 

fixed tracking stations placed on the outskirts of a general foraging area. Each station 
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was equipped with a Telonics receiver/scanner and a null-peak system using two four

element Y agi antennas. 

To calculate a systematic error for each tower, two fixed transmitters (with known 

locations) were placed at different distances from the fixed towers and in two different 

habitats. Synchronised bearings to the fixed transmitters were recorded at the start of 

each hourly tracking session. The resulting differences between known locations (fixed 

transmitters) from each tower were subtracted to adjust all bearings for the radio

collared female. Observers were unaware of which frequencies were fixed transmitters 

and which were the radio-collared female. 

Roost/Foraging Analysis 

All data were categorised by season and sex of radio-collared P. alecto. Periods used 

for seasons were: dry season (May- August), build-up season (September- November) 

and wet season (December- April). These divisions were based on the major climatic 

periods and on apparent distinctions in ecology and/or life history (notably the late wet 

season and early dry season corresponding to the period over which young are 

dependent upon their mothers). 

The data comprise repeated observations of the locations of as many marked individuals 

as possible. The use of successive fixes for the same individual may compromise the 

independence of some observations, and hence may render conventional statistical 

analysis questionable. However, all observations from any one individual were 
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separated by 2 weeks, a period in which movement of roosting sites is common. The 

inclusion of repeat observations also allows movement patterns of individuals to be 

defined. I have treated fixes as independent for the purpose of analysis. 

1) Roost habitat 

Differences in roost habitat types used by radio-collared female and male P. alecto were 

• tested using X 2 (repeated observations). In order to have a suffecient sample size to test 

for seasonal differences in roost habitat type using X 2, males and females were 

combined (repeated observations). 

2) Roost to roost distances 

The distances between successive fixes of the roosting locations of individuals were 

determined. When an individual used the same roost in two successive fixes, a roost to 

roost distance of 0 was included in the analysis. 

Variation between sexes in roost to roost distance was examined with a Mann-Whitney 

U test. Variation between seasons in roost to roost distance was examined with a 

Kruskal-Wallis one-way ANOVA (for both sexes combined ifthe Mann-Whitney U 

test revealed no difference between the sexes, or separately for the sexes if there was a 

significant difference). 

3) Association of roost and foraging habitats 

The extent of association between the habitat used by an individual for roosting and that 
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used (within the same 24 hrs) by that individual for foraging was examined with aX 2 

test. 

4) Foraging habitat 

Differences between radio-collared males and females with result to the habitat type 

used for foraging were tested using X 2 (one observation per animal). Broad habitat 

• categories were: woodland, Melaleuca spp., mangrove, rainforest and riparian. When 

sample sizes were inadequate for testing, the most similar habitat types were combined 

(rainforest, mangrove, riparian). Seasonal differences in foraging habitat type (males 

and females combined) were also tested usingX 2 (one observation per animal). 

5) Roost site to foraging site distances 

Variation between the sexes with respect to roost site to foraging site distances was 

examined with a Mann-Whitney U test. Variation between seasons in roost site to 

foraging site distance was examined with a Kruskal-Wallis one-way AN OVA (for both 

sexes combined if the Mann-Whitney U test revealed no difference between the sexes, 

or separately for the sexes if there was a difference between the sexes). 

Triangulation Analysis 

Difference between observers in locating fixed transmitters was tested with one-way 

ANOVA following log (In) transformation of the data. All observer errors were pooled 

and the mean error was calculated. The upper 95% confidence interval (Cl) was 
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calculated from the mean error and this was used to construct a polygon of 95% 

confidence around the positions of two bearings. 

The position of the female P. alecto was recorded at hourly intervals over three 

consecutive nights. The animal was assumed to be stationary when the modulation of 

the transmitter signal was steady. For each hourly fix (i), I calculated distance from the 

~ roost [ = dir ], and distance (D) from the previous fix. For each night, the mean distance 

(d) of then foraging fixes from the roost was calculated as: 

n 
d = (L dir) In 

i=l 

For each night, the total distance moved was calculated as: 

n 
L,D 
i=J 

(with route beginning and ending at roost site). This estimate of total distance moved 

is actually an underestimate because it assumes straight line travel between successive 

hourly fixes. 

I used this detailed record of nightly travel to interpret the single nightly fixes recorded 

for other P. alecto during the rest of the study. I consider whether: 1) the movement 

pattern on any night was systematic - e.g. whether the first foraging point is close to the 

roost, with successive foraging being increasingly distant, such that a single fix early 

in the night may produce a systematic error in estimating distance moved. This was 

determined by mapping successive fixes and examining them for trends of increasing 
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or decreasing distances from roosts; 2) there was consistency in movements across 

successive nights, such that a single monthly fix may provide a reasonable estimate of 

the activity pattern of P. alecto during that period. This was determined by comparisons 

of the foraging maps of the total distances moved with mean foraging to roost distances 

for each of the three nights; 3) the foraging to roost distance remains reasonably 

constant throughout the night, such that a single fix provides a reasonable estimate of 

this distance. This was determined by calculation of the coefficient of variation (CV) 

and standard errors (SE) of foraging to roost distances; 4) the single nightly fix can be 

related to actual distance moved. This was determined by calculating, for each of the 

three nights, the ratio of Did. 

I also used the location of successive fixes to indicate possible seed dispersal patterns. 

The interval between fixes (1 hr) is approximately that derived (see Chapter 4) for 

maximum gut passage time in this study. Hence the location of P. alecto one hour after 

a foraging fix provides some estimate of the potential dispersal location for seeds 

consumed at the first site. The triangulation data were used to determine the frequency 

distribution of distances between successive hourly fixes. Note that single hourly fixes 

provide only very imprecise estimates of this seed dispersal distance, as they are 

instantaneous fixes, whereas the probability of seeds being defecated is related to the 

time spent at any location. 
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Results 

Radio-collared Pteropus alecto 

Radio-collars were attached to five females (three lactating, one post lactating and one 

first year: mean weight 675 g) and five males (all> one year old: mean weight 790 g) 

between June 1995 and August 1995. An additional radio collar was attached to a first 

year male (515 g) in November 1995. Five other radio collars were attached in 

December 1995, to two females (both pregnant: mean weight 715 g) and three males 

(one first year and two> 1 year: mean weight 630 g). 

Roosts Discovered 

Over the 12 month period, the 16 radio-collared P. alecto used 34 different roosts, as 

determined from 168 fixes (Fig 2.2; Appendix 1 ). Roosts occurred in three habitat 

types: bamboo (Bambusa arnhemica), rainforest and mangroves (Table 2.1). The total 

area that these habitats occupy is < 11% of the total area of the study site. Rainforest 

habitat occupies 2.5% and mangroves 8%, while the bamboo habitat was not included 

because coverage has not been mapped at the 1: 1 000 000 scale, but is known to be 

significantly less than rainforest extent. 

Roost habitats used by P.alecto illustrate the significance of small habitat elements in 

the landscape. Roost habitats changed seasonally (X 2 = 57.0, d.f. = 4, P < 0.001), with 

P. alecto spending the cooler dry season months roosting in bamboo (74%), and to a 

lesser extent mangroves (20%) and rainforest (6%). With the onset of the build-up 

season when temperatures increase and early rains begin (Fig 2.3), the dominant roost 
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Table 2. 1. Number of records of radio-collared Pteropus alecto recorded in 

different roosting habitats from July 1995 to June 1996. 

month bamboo mangrove rainforest 

July (a) 7 1 1 

August (a) 11 2 6 

September (a) 2 7 

October (a) 4 2 5 

November (a,b) 7 2 4 

December (a,b,c) 5 1 3 

January(a,b,c) 3 11 

February (a,b,c) 4 4 

March (a,b,c) 2 4 1 

April (c) 1 

May (c) 2 

June (c) 2 

letters= (a) 1st group fitted with radio-collars (n =10), (b) 2nd group fitted with radio-collar (n=l), (c) 

3rd group fitted with radio-collars (n = 5). 
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habitat was rainforest (68%), with animals roosting less frequently in bamboo (15%), 

and mangrove ( 17% ). During the wet season 52% of animals roosted in rainforest, with 

28% roosting in bamboo and 20% in mangroves. There was no difference in the use of 

roost habitat between the sexes (X 2 = 4.40, d. f.= 2, P > 0.05). 

Thirteen of the 34 roosts for the 16 radio-collared P. alecto were ground truthed. Three 

were in bamboo along the Adelaide River, one in bamboo on a minor creek, one in 

bamboo on a floodplain margin and eight were in rainforest surrounded by eucalypt 

woodland. The little red flying fox P. scapulatus roosted with P. alecto at four of these 

roosts. 

In bamboo thickets, P. alecto roosted at a height of between 12 and 16 m, with 

individual animals spaced< 1 m apart. Due to the deciduous nature of bamboo, flying 

foxes were exposed to direct sunlight during the dry season (May-August). In contrast, 

in rainforest, P. alecto, generally roosted under the dense crowns of Nauclea orientalis 

in deep shade and at a height :?: 18 m with individual animals spaced about a metre apart. 

The number of P. alecto in roosts was < 1000 animals except for the maternity roost 

(approximately 2,760 over 6 months). All roosts except one (containing only males) 

included both females and males. 

Movements from Roost to Roost 

Radio-collared P. alecto occupied roosts for varying lengths of time. One female 

(no.l3) remained in the same roost for 6 months (August-January), whereas, one male 
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(no.2) was recorded moving roosts six different times in eight months and one female 

(no.l4) moved roosts ten times over eight months (Table 2.2). Eight roosts were used 

by more than one radio-collared P. alecto and on some occasions simultaneously. The 

longest roost to roost movement was recorded by the first year female (no.l4) in 

September 1995 (132 km) while the shortest roost to roost distance by the first year 

male (no.5) was recorded in February (0.7 km) (Table 2.2). Males moved a mean of6.8 

km and females moved a mean of 5.8 km (Mann- Whitney U = 74.6, N = 159, P <0.05) 

between roosts. 

There was a significant difference between seasons in the distance moved between 

roosts by females (Kruskal-Wallis = 6.06, N = 102, P < 0.05) (Table 2.3). Females 

travelled greater distances between roosts in the build-up season. This trend was also 

evident for males but was not significant (Kruskal-Wallis = 3.36, N =57, P > 0.05) 

(Table 2.3). 

Roost to Foraging Habitat Distances 

There was a significant association (A."l = 23.8, D.F. = 6, P <0.01) (raw data in Table 2.1 

and 2.4) between roosting and foraging habitat. Pteropus alecto roosting in bamboo and 

mangroves foraged predominantly in woodland. Pteropus alecto roosting in rainforest 

foraged predominantly in Melaleuca spp and rainforest habitat. 
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Table 2. 2. Maximum roost to roost movements and maximum roost to foraging 

site movements recorded for all radio-collared individuals of Pteropus alecto. 

indiv sex 

M 

2 M 

3 M 

4 M 

5 M 

6 M 

7 M 

8 M 

9 M 

10 F 

11 F 

12 F 

13 F 

14 F 

15 F 

16 F 

months 

Aug-Sep 

Jul-Feb 

Aug-Nov 

Jan-Feb 

Dec-Feb 

Dec-Apr 

Jul-Sep 

Jul-Dec 

Nov-Mar 

Aug-Sep 

Aug-Dec 

Jul-Mar 

Jul-Jan 

Aug-Mar 

Dec-Jun 

Jan-Jun 

No. 

different 

roosts 

3 

4 

2 

2 

6 

5 

2 

5 

5 

5 

5 

4 

8 

3 

2 

24 

longest roost 

roost to 

distance(km) 

8.1 

17.9 

6.2 

25.3 

39.6 

13.3 

76.8 

35.1 

13.1 

12.4 

28.7 

80.8 

132.7 

20.5 

15.0 

No. foraging 

site 

fixes 

2 

5 

3 

4 

2 

2 

5 

4 

7 

5 

4 

longest roost 

to forage 

dist (km) 

12.8' 

22.9 

9.5 

12.4 

1.6 

8.2 

15.4 

10.1 

12.6 

21.4 

17.5 

3.7 

20.2 

29.3 

17.4 

24.1 



Table 2. 3. Mean roost to roost distances (km) for radio-collared males and 

females by season. 

dry (May -August) build-up (Sep - Nov) wet (Dec - April) 

Male 

Female 

mean (SE, n) 

5.50 (3.14, 25) 

5.42 (2.61, 51) 

mean (SE, n) 

10.20 (3.86, 12) 

7.59 (5.30, 25) 

mean (SE, n) 

6.60 (2.70, 20) 

4.71 (1.54, 26) 

Over the 12 month period the 16 radio-collared P. alecto were recorded at 49 foraging 

positions from 49 fixes (Fig 2.4; Appendix 1). Foraging positions occurred in 5 habitat 

types: Eucalypt open forest, Melaleuca spp., rainforest, mel?grove and riparian (Table 

2.4). Foraging habitat shifted seasonally (X 2 = 14.3, d.f. = 4, P < 0.01; combining 

riparian and mangroves with rainforest due to small sample size). In the dry season all 

12 records of foraging were in eucalypt open forest. During the build-up season the 

dominant foraging habitat was Melaleuca spp. (8 of 16 records). During the wet season 

P. alecto foraged more in rainforest (10 of 21 records) than all other habitat types 

combined. There was no significance difference between males and females in foraging 

habitats (X 2 = 2.2, d.f. = 4, P >0.05). 

Foraging movements 

There was a significant difference between roost to forage distances for males and 

females with females covering greater distances (female mean, 10.9 km; male mean, 
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Fig 2.4. Forty nine foraging sites recorded for radi~ollared Pteropus alecto 

from July 1995 to June 1996. 
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Table 2. 4. Number of records of radio-collared Pteropus alecto in 

different foraging habitats from July 1995 to June 1996. 

month woodland flood plain rainforest mangrove riparian 

dry season 

Jul 2 

Aug 6 

build-up season 

Sep 2 5 

Oct 1 1 1 1 1 

Nov 2 1 1 

wet season 

Dec 2 2 

Jan 2 4 1 

Feb 1 4 1 

Mar 1 1 1 

April 1 

dry season 

May 2 

June 2 
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Table 2. 5. Mean for roost to forage distances (km) for radio-collared males and 

females by season. 

Male 

Female 

dry (May -August) build-up (Sep- Nov) 

mean (SE, n) mean (SE, n) 

15.15(2.85, 4) 

19 .00(1.22,8) 

3.28(0.99,6) 

5.23(0.89,10) 

wet (Dec - April) 

mean (SE, n) 

4.67(1.53, 11) 

10.13(3.09,10) 

6.2 km: Mann- Whitney U test, U = 19.7, N = 49, P < 0.05). The greatest one way 

foraging distance recorded was by the first year female (no.14) (29 .3 km) during March. 

The shortest distance recorded was by the first year male (no.5) (0.1 km) during 

February 1996 (Table 2.2). Both females and males moved-longer distances to foraging 

sites during the dry season than during the build-up season and wet season (males: 

Kruskal-Wallis = 7.73, N = 21, P = < 0.05; females: Kruskal-Wallis = 11.12, N = 28, 

P < 0.01) (Table 2.5). 

Land tenure 

A total of 83 roosting and foraging positions was identified during this study. For these 

sites, the land tenure arrangement are as follows: Freehold 47%; Crown Lease in 

Perpetuity 16%; Perpetual Pastoral Lease 23%; Crown Lease Term 1 %; Vacant Crown 

Land 10%; and Reserve 3%. 
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Triangulation 

Station error was corrected by using a combination of the two fixed transmitter errors 

and adjusting all bearings accordingly (station one= +5.2 °; station 2 = -2.6 °). Mean 

observer error was between 0.42 ° and 1.1 ° and overall error was 0.71 °. There was no 

significant difference between the observers (F455 = 1.61, P > 0.05). The female P. 

alecto was recorded at 25 positions during the three nights of tracking. A similar spatial 

pattern of movement was recorded each night (Table 2.6; Figs 2.5 to 2. 7). Over the 3 

nights, the female P. alecto foraged in at least seven distinct locations which were 

outside the overlap range of errors, suggesting that no single site supported sufficient 

resources and/or that much of the movement was exploratory. Furthermore, it would 

appear from these data that the female had settled into a foraging site by 21 00 hrs. This 

suggests that the 49 single roost site to forage site positions recorded between 2000 hrs 

and 2400 hrs were indicative of actual foraging sites. 

A consistency (low CV) within and between nights in the roost to forage site distance 

was recorded, suggesting that a single fix provides a reasonable estimate of this 

distance, although extrapolation of this conclusion to other individuals, males and other 

seasons should be treated with some caution. 

A consistency between nights in the total foraging distance was recorded (15.5km to 

19.9 km), suggesting that single monthly fixes may represent a reasonable description 

of activity pattern. 
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Table 2. 6. Triangulation data for radio-collared female Pteropus alecto 

(December 1995). 

night 

1 

2 

3 

No. of 
fixes 

6 

9 

10 

total distance 
moved (I, D) 

km 

19.9 

15.5 

19.1 

foraging-site distance (d) (km) 

mean SE CV(%) I,D/d 

4.62 0.46 22.67 4.3 

5.05 0.28 15.87 3.8 

4.51 0.40 26.93 4.2 

There was consistency between nights in the ratio of total distance moved to mean roost 

to forage site distance (3.8- 4.3). This suggests that, at le?St for this individual at this 

time, a single record of roost to forage distance can provide a reasonable index of total 

foraging distance, and when multiplied by four, provides a reasonable measure of this 

total distance. It is unknown whether this index is applicable across seasons, individuals 

and sex. 

The frequency distribution of distances (D) between successive hourly fixes is 

illustrated in Fig 2.8. The mean and median distances moved over 1 hr are 2.1 and 1.8 

respectively. The frequency distribution is approximately normal but with a kurtosis of 

-1.09. The frequency distribution for the single roost site to forage site distances are also 

similar for that time of year (Fig 2.9). 
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Fig 2.8. Frequency distribution of distances moved hourly over 3 nights of 

radio tracking (triangulation) for a female Pteropus alecto during the 

wet season (December 1996). 
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Discussion 

Pteropus alecto roosted in three distinct habitats: bamboo, rainforest and mangroves 

corresponding to roost habitats reported for pteropodids generally (Nelson 1965a; Hall 

1981 ). Pteropus alecto shifted roost habitat seasonally: during the dry season males and 

females roosted in bamboo and mangrove, though at the beginning of the wet season 

rainforest was the dominant roosting habitat for both sexes. It is likely that rainforest 

habitat is situated closer to food resources and affords shelter from the increasing 

temperatures and monsoonal rains during the wet season. Moreover, it highlights the 

importance of small habitat elements in the landscape as being critical for P. alecto's 

roosting requirements. An analogous pattern has been observed for P. seychellenis 

which uses two sets of roosts, one during the trade winds (effectively the dry season) 

and the other during the monsoon season (Cheke and Dahf1981). A similar behaviour 

has been reported in Syconycteris australis, a small megachiropteran foliage-roosting 

bat, which shifts roosts seasonally (Law 1993) and in microchiroptean bats that shift 

their roosts in caves seasonally (Hall 1982). 

Bamboo roosts in the dry season were all situated along a creek or a major river. The 

positioning of the roost on an extremely obvious feature of the landscape like a creek 

or river system could aid in navigation generally, but particularly assists inexperienced 

young that are learning to fly and presumably navigate. 

Foraging movements of P. alecto could highlight the shifting food resources for a 

nectarivore/frugivore in the seasonal tropics. Foraging distances changed seasonally as 
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did foraging habitat, with both sexes travelling further during the dry season tracking 

the flowering Eucalyptus spp that dominate the landscape. During the build-up/wet 

season commuting distances were less, suggesting a behavioural response to 

nutritionally poor food and/or an abundance of food. Importantly, the type of habitat in 

which P. alecto roost is correlated to the foraging habitat they use. 

The distances travelled between roosts and foraging sites differed for the sexes and one 

possible explanation is that during the dry season females are restricted to the maternity 

roost because they have dependent young situated there (Palmer per.obs.) Therefore, 

they do not have the flexibility to shift roosts and potentially have to travel greater 

distances to locate resources of the density and quality required to sustain them and their 

young. Females travel these distances at a time when they are lactating (pers. ohs.). 

Males are unconstrained in their capacity to choose optimal roost sites closer to foraging 

sites. Therefore positioning of the maternity roost at a focal point of resource 

distribution is critical for the female so that she can track the flowering patterns of 

eucalypts in the dry season. 

The distances travelled in the dry season to foraging sites for P. alecto are similar to the 

50 km roost to forage site distances reported for P. po/iocephalus (Eby 1991a, b; 

Spencer et al. 1991). However, there appears to be a major difference between the two 

Pteropus species in the number of animals occupying roost sites. During this study 

<3,000 animals occupied any one of the 34 roost sites in which radio-collared animals 

were recorded, whereas roost sites containing > 100,000 P. poliocephalus have been 
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recorded in many instances (Parry-Jones and Augee 1991; Eby 1991a, b), suggesting 

that in south-eastern Australia where native vegetation exists only in fragmented 

remnants (Eby 1991 b) roost sites may be limited. Equally, it may emphasise a similar 

roosting behaviour of P. poliocephalus and P. scapulatus at certain times of the year. 

In the Northern Territory > 250,000 P. scapulatus have been recorded roosting 

(pers.obs.) in rainforest. 

The triangulation data suggest that the single monthly fix per individual from this study 

represents a reasonable depiction of actual activity pattern. The consistency in the ratio 

of total distance moved to mean roost to forage site distance (3.8- 4.3) suggests that a 

single fix can be used to provide a reasonable measure of total night foraging distance 

although extrapolation of this conclusion to other individuals, males and other seasons 

should be treated with caution. However, the frequency distribution of distances for 

both the single roost to forage fix and the hourly triangulation distances for the wet 

season are very similar. 

Movements recorded from the triangulation data emphasise that P. alecto are moving 

throughout the night, with this type of behaviour having important implications for seed 

dispersal and pollination at a local level. The seed shadow produced by these 

movements of P. alecto is important for the reproductive success of animal-dispersed 

plants and the spatial patterning of plant communities. On a larger scale, due to their 

mobility, P. alecto can access patchily distributed resources and potentially play a 
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significant role in connecting otherwise isolated habitats through pollination and seed 

dispersal. 

Land tenure status for both roosting and foraging sites used by P.alecto emphasises the 

utilisation of off-reserve land for P. alecto's ecological requirements. Additionally, the 

land area that these animals range over, combined with contrasting requirements for 

roosting and foraging habitat, could never be fully catered for in a conventional reserve 

system. This poses a conservation management problem that can be solved only through 

collaborative land management strategies implemented by both conservation agencies 

and other land owners. 
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Chapter 3 

Foraging ecology of the black flying fox Pteropus alecto in the 

seasonal tropics of the Northern Territory, Australia 

Introduction 

Pteropus flying foxes (Family Pteropodidae) feed primarily on a combination of nectar, 

pollen and fruit (Fujita and Tuttle 1991) with the extent of specialisation on any ofthese 

three components varying between species (Richards 1995). In sub-tropical and 

temperate regions of eastern Australia there have been many studies on P. 

poliocephalus, a dietary generalist (Nelson 1965; Hall and Richards 1979; McWilliam 

1986; Parry-Jones 1987; Parry-Jones and Augee 1991; Eby 1991a; Richards 1995). By 

contrast, there has been little research on the foraging strategies and diet of P. alecto in 

the seasonal tropics of Northern Australia, particularly in relation to the marked 

seasonality of flowers and fruit resources. The limited data available suggest that 

Pteropus alecto is a dietary generalist (Richards 1995) with flowers and/or fruits from 

14 plant species having been recorded in their diet from a range of habitats (Friend and 

Braithwaite 1986). 

Patchy rainforest habitats are an important feature of the landscapes in northern 

Australia. These rainforests occur mostly as a discontinuous coastal band, and in no 

region constitute more than a small proportion of all the vegetation. There are 

approximately 15,000 rainforest patches in the monsoonal north of the Northern 

Territory ("Top End") (Russell-Smith and Lee 1992), occupying< 2% of the land area 

40 



(Russell-Smith et al. 1992). Plant species in these rainforests vary in their ability to 

disperse seeds. A high proportion of rainforest plants are dispersed by vertebrates e.g. 

Ducula spilorrhoa, Ptilinopus regina and Pteropus spp. (Russell-Smith and Dunlop 

1987) and dispersal of seed by vertebrates may be the key to long term survival for 

these rainforest habitats. 

Potentially, variation in flowering and fruiting between rainforest patches may provide 

a range of resources that only highly mobile nectarivore/frugivore species can access. 

In turn, such vertebrates may provide the connection between otherwise isolated plant 

populations and communities over extensive areas (Fleming 1992), and, in the long 

term, sustain genetic diversity of plant species in patchy rainforest habitat. However, 

rainforest patches provide flowers and/or fruit resources for only part of the year; with 

flower production peaking around October and fruit abundant during the wet season 

(November-March) (Bach unpubl). The dominant vegetation types in northern Australia 

are eucalypt open forests and savanna woodlands. In those habitats, flowers are 

particularly abundant during the dry season (Franklin 1994; Setterfield and Williams 

1996), which is the period of lowest resource availability in the rainforest (C. Bach 

unpubl). To assess the relationship between flower and fruit production in rainforest 

habitats and how this influences movements of P. alecto, other environments must also 

be considered within the habitat matrix. 

Here I report a study of radio-collared P. alecto in northern Australia which considers 

the influence of phenology on the foraging strategies of P. alecto. Phenology within the 

habitat matrix will potentially influence the way P. alecto moves through the landscape, 
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locating resources of the density and quality required to support these animals. Across 

a 12 month period, I quantified flower and fruit resources at foraging sites of radio

collared P. alecto and compared this to flower and fruit resources at random sites. 

Additional to these wide-ranging studies, I monitored phenology of four rainforest 

patches and their adjacent habitats, and corresponding seasonal activity and abundance 

of P. alecto. Plant species in the diet were identified over a 15 month period. 

Methods 

Study Site 

The main study was done from March 1995 to June 1996, generally in the catchment 

area ofthe Adelaide River system (60 km x 100 km) in the "Top End" of the Northern 

Territory (Fig 3.1). Rainforests in the region are divided into three broad groups: wet

spring fed rainforests; riparian strips; and dry deciduous coastal vine thickets. They 

range in size from <1 to 100 ha (Russell-Smith and Bowman 1992). There are riparian 

patches of even smaller areas occurring within the eucalypt-dominated savanna, and 

isolated trees (especially Ficus virens and Maranthes corymbosa) within the 

savanna/open forest and floodplain habitats that occasionally provide very rich fruit-

resources. 

The average rainfall for the area is 1496 mm which is principally restricted to the 

months of November to March, associated with the influence of the north-west 

monsoon over northern Australia. Total rainfall and timing (especially the onset of the 

wet season) may be highly variable from one year to the next (Taylor and Tulloch 

1985). Average temperatures for the area range from a mean minimum of 18 °C in the 
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coolest month (July) to a mean maximum of33.7 °C in the warmest month (October) 

(Gunn Point Prison Farm, Bureau of Meteorology). 

Foraging sites and resource abundance 

Radio-collars were attached to 16 P. alecto: seven females (two pregnant, three 

lactating, one post lactating and one first year) and nine males (seven> one year old 

and two first year) (Chapter 2). In the second week of each month over a 12 month 

period (July 1995 to June 1996), nocturnal aerial tracking (between 2000 hrs and 2400 

hrs) from a Cessna 172 was used to locate the position of as many radio-collared 

individuals as possible (one fix per individual per night). Experience from another study 

in daylight hours suggested locational errors up to ±300 m with transmitters of similar 

range with experienced observers (P.Whitehead pers. comm.). Accessible sites were 

visited within seven days of the nocturnal fix. The floristic composition, flower and fruit 

resources were recorded at these sites. Although no direct observations of P. alecto 

were made at these sites, the availability of resources at the site could be assessed. 

Resource assessment consisted oflocating the nocturnal fix on the ground and using this 

point as the centre of an approximate 200 m 2 area. For 10 points indiscriminately 

located within this area, the basal area (m2 per hectare) for every tree species was 

recorded using a Bitterlich gauge (Mueller-Dombois and Ellenberg 1974). For each tree 

counted, the abundance of flower and fruit was recorded on a 4 point scale: 0 = no 

flower/fruit; 1 = few flowers/fruit; 2 = moderate cover of flower/fruit; and 3 = heavy 

flower/fruiting. The method used to calculate an index of flower and fruit availability 

was summation of these values for each site across all woody plant species. 
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The same measures of floristic composition, flower and fruit resources were made at a 

randomly located sites in the same habitat type and within 4 km of the foraging site. 

Differences between months and between P. alecto and random sites with respect to 

flower index and fruit index were examined using a 2-way ANOV A, following (log x 

+ 1) transformation of the data. 

Variation in the woody plant species composition of all sites (both P. alecto and 

random), across all months was described with ordination, using semi-strong Hybrid 

Multi-Dimensional Scaling (HMDS) (Belbin 1991). 

Systematic Surveys 

From June 1995 to May 1996 monthly night time spotlight censuses of P. alecto were 

conducted in two wet rainforest sites (Fogg Dam 6.0 ha; Koolpinyah 2.3 ha), one dry 

vine thicket (Beach 10 ha) and one riparian site (Leaders Creek 0.5 ha) and the adjacent 

habitats surrounding each of these sites: Melaleuca nervosa forest; seasonally inundated 

open woodland; open eucalypt forest and Melaleuca viridiflora forest, respectively (Fig 

3.1). 

The census method was modified from Loyn (1986), and consisted of walking 

indiscriminately through each rainforest site in a series of20 minute blocks (depending 

on size of site) and recording the number of P. alecto seen or heard and what they were 

eating (plant species and flower or fruit). The abundance measure used was the number 

of P.alecto encountered per 20 minute block. It is important to note that, because of 
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dense canopies in the rainforest sites, P. alecto abundance is probably an underestimate 

relative to the adjacent, more open habitats. During the census, P. alecto was 

distinguished from P. scapulatus by size, colouration and degree of wing transparency. 

In habitats adjacent to each rainforest site, the census method involved a search 

conducted along a 500 m transect, with counts also expressed as no. P. alecto/20min. 

All censuses were conducted in the last week of each month, between 1930 hrs and 

2400 hrs. 

To quantify the availability of flowers and fruit at the four rainforest sites, the 

presence/absence of flower or fruit was recorded for P. alecto food trees along a 200 m 

to 400 m transect (depending on site size) in the second week of each month over a 12 

month period (C. Bach unpubl). For one wet rainforest site (Koolpinyah) and the dry 

vine thicket (Beach), plant species composition and basal area (m2 per ha) was assessed 

by measuring the diameter breast height (db h) of all trees that were within 5 m of the 

central line of four randomly placed 50 m transects. At the riparian site the identity and 

dbh of all trees within 2 m of nocturnal census transect was recorded. For the remaining 

wet rainforest site (Fogg Dam), basal area measurements for P. alecto food trees were 

obtained from another study (Bowman and McDonough 1991; Bowman and Rainey 

1996). All values of woody plant species composition were converted to m2 per ha. For 

the four adjacent habitats, the identity and total basal area of food trees with flowers, 

with fruit and total number of trees flowering/fruiting was calculated for each month, 

within two days of the nocturnal census across a 12 month period. 
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In order to test whether differences in the abundance of P. alecto were related to 

differences in resource availability between rainforest patches and adjacent habitats, 

Spearman Rank Correlation Coefficients were calculated between {abundance of P. 

alecto minus the abundance in adjacent habitats} and {basal area of resource trees in 

rainforest sites minus the basal area in adjacent habitats} for each rainforest site and all 

rainforests combined. These paired comparison tests were used to remove the influence 

of confounding factors, such as total number of P. alecto present, when comparing 

between sites. 

Diet 

To identify plant species in the diet of P. alecto, ten 1 m2 trays at each site were placed 

beneath groups of P. alecto roosting in bamboo (Bambusa arnhemica) at a maternity 

roost (12 ° 41' 70"S, 131 ° 17' 45"E) on the bank of the Adelaide River and in a wet 

season rainforest roost (12 ° 27' 35"S, 131 ° 02' 57"E) at the Howard Springs Nature 

Park. At each site, trays were separated by about 5 m and spread over an approximate 

area of 30m2
• Trays were emptied each fortnight. The number of seeds of each species 

was counted in each tray. Plant species which contained compound fruits, each 

comprising many small seeds such as Ficus spp. and Nauclea orientalis were given an 

overall score of 1 for each dropping, even though each dropping contained many <1 mm 

seeds. Seeds were identified by comparison with a seed reference collection. Any seeds 

that could not be identified were planted for subsequent identification of the seedlings. 

I also planted identified seeds to confirm my recognition (particularly Ficus spp.). 

Pteropus alecto numbers varied between the two roost sites. The maternity roost 

contained about 2500 animals and the wet season roost had <500 animals present. 
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Results 

Foraging sites and resource abundance 

Over the 12 month period 49 foraging positions were recorded from 16 radio-collared 

P. alecto (Chapter 2). Twenty eight of these nocturnal fixes were visited and an index 

of resource abundance was measured. Comparable measures of flower and fruit 

availability were recorded for 26 random sites. 

The availability of flowers and fruit varied significantly between months (Table 3.1; Fig 

3.2), with flowers more abundant from March to December whereas fruit started in 

October and was available until February. Flowers recorded at the foraging sites for 

radio-collared P. alecto were Eucalyptus miniata, E. polycarpa, E. tetrodonta, 

Lophostemon lactifluus, Melaleuca dealbata and M viridiflora. Fruit recorded at 

foraging sites for radio-collared P. alecto were Carpentaria acuminata, Nauclea 

orientalis, Syzygium nervosom, Terminalia microcarpa and Timonius timon. There was 

an overlap of flowering and fruiting resources from October to December, highlighting 

the change from flowers in the dry to fruit in the wet season. 

In general there were more flowers and fruit available at sites where radio-collared P. 

alecto were recorded than in random sites (Table 3.1; Fig 3.2). There was a significant 

interaction between month and random versus P. alecto sites with respect to the 

abundance of flowers and fruit (Table 3.1). This arises from the large increase in 

resource abundance at P. alecto sites during peak abundance periods compared to the 

relatively small increase in resources at random sites. 
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Table 3.1: Results from two-way ANOV A examining variation in (a) flowers 

and (b) fruit with respect to month and between Pteropus alecto and ·random 

sites. 

source of 

variation F df p 

(a) flower month 20.7 11 <0.001 

P.alecto vs random 97.8 1 <0.001 

interaction 7.6 11 <0.001 

(b) fruit month 96.0 11 <0.001 

P. alecto vs random 48.4 1 <0.001 

interaction 8.3 11 <0.001 
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Ordination of the floristic composition ofboth radio-collared P. alecto sites and random 

sites across a 12 month period is presented in Figure 3.3. The floristic composition of 

sites used by P. alecto varied substantially throughout the year. Sites used in the peak 

of the wet season (December, January and February) were notably distinct from those 

used at other times of the year, and were dominated by rainforest plant species (e.g. 

Buchanania arborescens, Carallia brachiata, Carpentaria acuminata, Livistona rigida, 

Nauclea orientalis, Sterculia holtzei, Syzygium nervosum, Terminalia microcarpa and 

Timonius timon) (Table 3.2). During the rest of the year, radio-collared P. alecto 'were 

recorded in different habitats within the eucalypt dominated savanna. The shifting 

phenology of plant species that were flowering or fruiting is emphasised by data 

collected at the radio-collared P. alecto foraging sites (Table 3.2) and changes over 

time. 

The similarity of radio-collared P. alecto sites and random sites in floristic composition 

is evident in Figure 3 .3. The seperation between sites depends on season rather than 

whether they were random sites or P. alecto sites. However, the significant difference 

in flower and fruit availability between random and P. alecto sites suggests that P. 

alecto select sites which are richer in resources than floristically similar sites in the 

general environment, highlighting patchiness of resources in the landscape. 

Systematic surveys 

Over the period June 1995 to May 1996, the abundance of P. alecto within the four 

monitored rainforest patches and their outside habitats fluctuated substantially (Fig 

3.4). Pteropus alecto was recorded in the larger wet rainforest patch (Fogg Dam) in all 
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Table 3.2. Percentage of Pteropus alecto radio tracking sites in which each plant 

species was recorded (* flowering; ** fruiting; *** flowering and fruiting). 

plant spp. 

Acacia auriculiformis 

Banksia dentata 

Brachychiton paradoxus 

Buchanania arborescens 

Carallia brachiata 

Carpentaria acuminata 

Cycas armstrongii 

Erythrophleum chlorostachys 

Eucalyptus clavigera 

Eucalyptus miniata 

Eucalyptus papuana 

Eucalyptus polycarpa 

Eucalyptus tetrodonta 

Exocarpos latifolius 

Ficus opposita 

Ficus racemosa 

Grevillea pteridifolia 

Livistona humilis 

Livistona rigida 

Lophostemon lactifluus 

Melaleuca cajuputi 

Melaleuca dealbata 

Melaleuca viridiflora 

Nauclea orientalis 

Pandanus spiralis 

Petalostigma banksii 

Petalostigma pubescens 

Planchonella pohlmaniana 

Planchonia careya 

Sterculia holtzei 

Syzygium eucalyptoides -

Syzygium nervosum 

Terminalia microcarpa 

Timonius limon 

Dec-Feb 

% 

86 

71** 
71 
57** 

14 

14 

29 

71 

57** 
29* 
15 
15 

71** 
14 

29 
.71 

71** 
71** 

53 

Mar-May 

% 

50 
50 

50 

50* 

75 
50* 
25 

75 

75 

25* 

75 
50 
25** 

50 

June-Aug 

% 

20 
10 
20 

30 
60 
40 
70* 
20 
10 
80* 

50* 

30 

30 

40 

40** 

40 

30*** 

Sept-Nov 

% 

70 

20 

40 
10 
20 
10 

20* 

30** 

30* 
10 
10* 
30 
60* 
10* 

70 
20 

60*** 
60*** 

20** 
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months of the year except for April and July (Fig 3.4). The smaller rainforest patch 

(Koolpinyah) had animals recorded for six months of the year (Fig 3.4). During this 

time, P. alecto were observed foraging on both the flowers and fruit of Carpentaria 

acuminata (Arecaceae) and Syzygium nervosum (Myrtaceae ), and the fruit from a 

number of other plant species, particularly Ficus racemosa for which different trees 

fruited over all months of the study (Table 3.3). A peak in abundance of P. alecto at the 

riparian site (Leaders Ck) in September, related to the fruiting of Timonius timon 

(Rubiaceae). Animals were absent during virtually all of the wet season (Table 3.4; Fig 

3.4). Only a few individual P. alecto were recorded, and then in only three months, at 

the dry vine thicket (Beach) (Fig 3.4). At these sites, they were recorded feeding on the 

fruit of emergent trees Elaeocarpus arnhemicus (Elaeocarpaceae) and Cupaniopsis 

anacardioides (Sapindaceae). Two of the outside woodland sites had P. alecto feeding 

on the flowers of Eucalyptus miniata, E. papuana, E. polycarpa and E. tetrodonta 

(Myrtaceae) in the dry season (May-August) (Fig 3.4). Over the 12 month period there 

was no flowering or fruiting in the Melaleuca nervosa (Myrtaceae) forest and 

accordingly P. alecto was not found there (Fig 3.4). Pteropus alecto was recorded in the 

habitat adjacent to the riparian patch eating the fruit of Timonius timon in September 

and October and the flowers of Melaleuca viridiflora (Myrtaceae) in December (Table 

3.3 and Fig 3.4). Overall, rainforests had a higher abundance of P. alecto than adjacent 

habitats, which is consistent with the data from the previous section. 

A positive correlation between the relative abundance of P. alecto and differences in 

flower numbers and number of flower/fruiting tree abundance was evident when 

comparing rainforest patches and adjacent habitats (Table 3.4 and Figure 3.5). The 
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Table 3.3. List of plant species recorded as used by Pteropus alecto and how 

species were identified: ohs = observation from nocturnal systematic surveys; 

roost = seeds collected from trays beneath roost; rt = radio tracking site. 

Species 

ARECACEAE 

Carpentaria acuminata# 

COMBRETACEAE 

Terminalia microcarpa # 

EBENACEAE 

Diospyros littorea # 

ELAEOCARPACEAE 

Elaeocarpus arnhemicus # 

MORACEAE 

Ficus opposita 

Ficus racemosa 

Ficus scobina 

Ficus virens 

MYRTACEAE 

Eucalyptus miniata 

Eucalyptus papuana 

Eucalyptus polycarpa 

Eucalyptus tetrodonta 

Lophostemon grandiflorus # 

Lophostemon lactifluus # 

Melaleuca dealbata 

Melaleuca viridiflora 

Syzygium nervosum # 

PASSIFLORACEAE 

Passiflora foetida # 

PROTEACEAE 

Grevillea pteridifolia # 

RUBIACEAE 

Nauclea orientalis 

Timonius timon # 

SAPINDACEAE 

Cupaniopsis anacardioides # 

VERBENACEAE 

Gmelina schlechteri # 

flower fruit 

obs obs, roost 

obs, roost 

roost 

obs 

rt 

obs, roost 

roost 

roost, rt 

obs, rt 

obs 

obs, rt 

rt 

rt 

rt 

obs, rt 

rt 

obs roost, rt 

roost 

rt 

obs, roost, rt 

obs, roost, rt 

obs 

obs 

(#not recorded in diet before; please note that for radio tracking sites there were no actual foraging 

observations) 
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Table 3.4. Spearman Rank Correlation Coefficient of abundance of flowers 

(FL), fruit (FR) and number of flower/fruiting trees (FL/FR) in rainforests 

relative to that in adjacent habitats and abundance of Pteropus alecto in 

rainforests related to adjacent habitats. 

Site FL FR FL/FR 

Koolpinyah (n=12) 0.42 0.36 0.38 

Fogg Dam (n=12) 0.34 0.52 0.67** 

Beach (n=12) 0.14 -0.15 0.13 

Leaders Ck (n=12) 0.15 -0.53 -0.34 

all sites combined (n=48) 0.58*** 0.01 0.48*** 

p <0.01 **, p <0.001 *** 

negative correlation for Leaders Creek (negative numbers presented in Table 3.4 and 

Figure 3.5) is due to the fruiting of Timonius timon during September in the adjacent 

habitat, which was not matched by an increase in P. alecto abundance. 

Diet 

Seeds were collected in trays at the maternity site from the end of March to the end of 

August, when the colony abandoned the roost. The wet season roost was occupied from 

October to January, after which only a small group (<100) remained. Timonius timon 
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Fig 3.5. Differences in Pteropus a/ecto abundance with respect to the basal area (ba) of total 

number of trees fruiting (a), flowering (b) and flowering/fruiting trees (c) for all rainforest 

sites combined and adjacent sites combined. 
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Table 3.5. Percentage of seeds collected in trays beneath a maternity roost and wet 

season roost occupied by Pteropus alecto. 

maternity wet 

Species (Apr-Aug) (Oct-Jan) seed size 

Carpentaria acuminata 1 5-15 mm 

Diospyros littorea 7 5-IOmm 

Ficus racemosa 15 7 <1 mm 

Ficus scobina 1 <1mm 

Ficus virens 3 2 <1mm 

Guava sp. 1 <5 mm 

Nauclea orientalis 15 2 <1mm 

Passiflora foetida 5 <5mm 

Syzygium nervosum 1 <5mm 

Terminalia microcarpa 4 3-8mm 

Timonius timon 54 78 <4mm 

Unidentified 1 3 3-8mm 

N=245 N=319 
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was the major food item in the diet at both sites (Table 3.5). Ficus racemosa(Moraceae) 

and Nauclea orientalis (Rubiaceae) were important fruit species in the diet at the 

maternity roost. 

Over the course of the field work (15 months), flowers or fruits from 23 plant species 

of 11 families were recorded in the diet of P. alecto, with 12 of these not previously 

reported for this species (Table 3.3). 

Discussion 

The results from this study suggest that P. alecto uses landscape patchiness at two 

scales: firstly, broad habitat types i.e. eucalypt open forest/savanna woodlands versus 

rainforest habitat; and secondly within habitats. For example, Figure 3.4 illustrates a 

distinctive difference in P. alecto numbers using rainforest types and eucalypt open 

forest/savanna woodlands, whereas Figures 3.2 and 3.3 indicate that at any time, P. 

alecto are selecting the richer resource sites within either the eucalypt open 

forest/savanna woodlands or rainforest habitats. 

Patterns of habitat and resource use by radio-collared P. alecto encompassed floodplain 

margin habitat during the late build-up and early wet season, with animals foraging on 

flowers of Melaleuca dealbata and Lophostemon lactifluus. In the middle to latter part 

of the wet season, fruit from Syzygium nervosum was eaten in a number of rainforest 

patches, as was Nauclea orientalis. In the later part of the wet season and early dry 

season, animals shifted to flowers of Eucalyptus polycarpa and M viridiflora situated 

in seasonally inundated areas. In the middle to late dry season, animals fed on flowers 
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of Grevillea pteridifolia (Proteaceae) in seasonally inundated areas and on E. miniata, 

which occurs on a wide range of well drained sites. During the late dry to middle of the 

build-up season, animals were recorded on flowers from E. tetrodonta and the 

associated E. miniata, and on the floodplain margin M dealbata and M viridiflora. 

Overall, these food plants were obvious, easily accessible and in well defined habitats, 

concurring with McWilliam's (1986) observations of Pteropus spp. in north-eastern 

New South Wales. Furthermore, flowers or fruits were produced and consumed over 

several weeks, and on a number of occasions radio-collared P. alecto were recorded 

returning to the same general feeding area from one month to the next ( Grevil/ea 

pteridifolia areas and Syzygium nervosum in rainforest). This recurrent use of foraging 

sites has been reported previously by McWilliam (1986) and Spencer et al. (1991). 

The shifting phenological pattern and subsequent resource use by P. alecto over a 12 

month period emphasises the importance of discrete habitat elements within what 

appears to be a large, superficially homogeneous savanna. Pteropus alecto move 

throughout the landscape in response to the flowering and fruiting of a number of plant 

species in different habitats. These results further support the contention that Pteropus 

spp. perform an important role in Australia as both pollen vectors and seed dispersers 

(McWilliam 1986; Richards 1990b; Eby 1991a, b; Richards 1995). 

During the wet season, P. alecto foraged on a selection of small-seeded ( < 1 mm) (Ficus 

spp. and Nauclea orientalis) and larger, single-seeded fruits (3-8 mm) (Timonius 

timon, Terminalia microcarpa and Syzygium nervosum). McWilliam (1986) reported 
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that Pteropus spp. are long distance dispersers of fruits less than 4 mm long, and seed 

viability of ingested seeds carried by bats is reported as usually high (Richards 1990b; 

Eby 1991b). Consequently, the potential for just a few of these seeds to remain in the 

gut suggests that they will be carried and deposited in rainforest roosts. In this study, 

roosts were generally less than 15 km from forage sites and sometimes much less 

(Chapter 2), which suggests that P. alecto connects otherwise isolated rainforest patches 

via seed dispersal. Rainforest patches in the Northern Territory contain small 

populations of adult trees and plant species within patches are vulnerable to a range of 

threats including inbreeding (Russell-Smith and Bowman 1992). Clearly, the potential 

for seed dispersal demonstrated by P. alecto in this study underscores the important role 

this animal performs in maintaining these patchy rainforest habitats in the seasonal 

tropics of northern Australia. 

Pteropus a/ecto fed only in canopy tree species in wet spring-fed rainforest sites and 

only on the emergent trees in the dry vine thicket. This type of foraging behaviour is 

consistent with the idea that the large megabats are less manoeuvrable than smaller 

flying foxes, yet they are adept at travelling fast and over long distances (Rainey et 

a/.1995; McKenzie et al. 1995). In an environment with patchy resources it may be a 

particular advantage to be able to fly fast and over long distances . 

It is important to note that P. a/ecto was observed feeding on both the flowers and fruit 

of two rainforest plants, Carpentaria acuminata and Syzygium nervosum, and was 

recorded visiting flowers from nine other species. Macroglossinae bats have been 

reported as the most important pollinator of Syzygium cormiflorum, a major rainforest 
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tree in north Queensland (Crome and Irvine 1986). In Samoa, Pteropus spp. were 

reported to eat both the flowers and fruit of S. inophylloides (Rainey et al. 1995). 

McCoy (1990) demonstrated that P. alecto transport pollen and are probably important 

pollinators of two species of Eucalyptus in northern Australia. Thus Pteropus spp. 

potentially have an important role as pollinators for a wide range of species, but perhaps 

perform a dual role with Syzygium spp. as both a pollinator and seed disperser. 

Seeds collected in trays under two roosts showed that Timonius timon (Rubiaceae) was 

an important food item. This species has not been recorded before in the diet of 

Pteropus spp. (Rainey et al. 1995). Timonius timon is a rainforest pioneer and/or 

marginal species, and its importance in P. alecto's diet suggests that P. alecto may be 

an important vector for the development of new rainforest patches or expansion of 

existing patches. Comparably, Whittaker and Jones (1994) reported that a number of 

key species involved in the successful regeneration and establishment of forests on 

Krakatau that were dispersed by both bats and birds. These include Timonius 

compressicaulis, Ficus fulva and Neonauclea calycina (a close relative of Nauclea 

spp.). 

Overall, it appears that P. alecto has developed highly sophisticated strategies for 

tracking the availability of patchy resources that occur in reasonably high densities in 

the seasonal tropics of northern Australia. Furthermore, the evidence suggests that P. 

alecto could be important for dispersing seeds between rainforest patches. 
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Chapter 4 

A simple probability model for seed dispersal in patchy rainforests 

by Pteropus a/ecto in the seasonal tropics of the Northern Territory 

Introduction 

An important but vulnerable feature of landscapes in northern and north-western 

Australia are patchy rainforest habitats, which in no region constitute more than 2% of 

total vegetation (Russell-Smith et al. 1992). Patch sizes range from < 1 to 100 ha 

(Russell-Smith and Bowman 1992). Four broad types of rainforests are recognised: 

spring-fed, riparian, dry deciduous vine thickets, and Allosyncarpia dominated forests 

that are restricted to the sandstone terrain of western Amhemland. In each rainforest 

patch there are low numbers of adult trees (Russell-Smith and Lee 1992), and the 

dispersal ability of these plants may be a critical component for the long-term survival 

of rainforest patches because it is potentially through seed dispersal that their genetic 

diversity is sustained. 

Highly mobile nectarivores and frugivores that move between rainforest patches using 

the variation in flowering and fruiting resources potentially provide the link between 

otherwise isolated plant populations (Russell-Smith and Lee 1992). Russell-Smith et al. 

(1992) suggested mobile frugivores will persist only where the distance between 

rainforest patches is not to great to fly. A decline in the number of rainforest patches 

resulting in a change to the configuration of rainforest patches within the landscape, 

may significantly influence the diversity and/or abundance of frugivorous species. 
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Moreover, ecological connectedness of tropical vertebrate and plant populations could 

well be influenced by localised extinctions having far reaching consequences beyond 

the particular plant and animal involved in the dispersal system.(Howe 1984). 

It has been suggested that flying foxes (Genus Pteropus) may be significant pollinators 

and seed dispersers of rainforest plants in the Northern Territory (NT) (Menkhorst and 

Woinarski 1992). Russell-Smith and Dunlop (1987) suggested that as many as 70% of 

rainforest species may be dispersed by flying foxes in the NT. In the NT, both Pteropus 

alecto and P. scapulatus are considered common and widespread (Richards 1995). 

Pteropus alecto has a distribution from sub-tropical to tropical latitudes (Strahan 1995) 

and in the NT has been recorded 250 km inland (Thompson 1991). Pteropus alecto is 

regarded as a dietary generalist feeding on a combination of nectar, pollen and rainforest 

fruits (Richards 1995). Conversely, P. scapulatus is considered a nectarivore specialist 

with 90% of its diet being nectar and/or pollen (Richards 1995). It is not considered to 

be a primarily fruit eating species, although little ecological research has been 

conducted on this species. 

In the NT ecological connections among different parts of the landscape remain 

relatively intact (Whitehead 1994). There has been little clearing or gross habitat 

modification, although much of the land is managed for pastoralism (Woinarski et al. 

1992; Whitehead et al. 1993). Overall, landscapes within the NT provide an ideal 

opportunity to study a large mobile nectarivore/frugivore such as P.alecto because 

resource use (hence seed dispersal) is governed by biological patterns within intact 

landscapes rather than by artifacts of fragmentation. 
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Here I report a simple probability model for seed dispersal by P. alecto in the seasonal 

tropics of the Northern Territory. The aim was to provide a measure of seed dispersal 

between rainforest patches by P. alecto. I assess the probability of seed dispersal by P. 

alecto via two movement scenarios: firstly, forage site (rainforest patch) to roost site 

(rainforest patch) within the same night; and secondly, between rainforest forage-sites 

within the same night. 

The model incorporates variables quantified during a 15 month study of P. alecto 

including: maximum wet season foraging site to roost site movement recorded for 

radio-collared P. alecto; gut passage time; configuration and number of rainforest 

patches that encompass the maximum wet season movement; and distance between 

rainforest patches. 

Methods 

Gut passage time 

To obtain an estimate for minimum (empty gut) and maximum (full seed load) transit 

time for seeds <1 mm to pass through the intestinal tract of P. alecto, a hand-reared 

female was fed a diet consisting entirely of rehydrated figs (Ficus spp ). The female was 

> 1 year old and was housed in an enclosure 2 m wide, 5 m long and 2 m high. After 

two weeks of this diet the animal appeared completely accustomed to a diet consisting 

solely of figs. This animal was constantly observed at a distance of between two to 

seven metres during one night using a biocular night vision scope (SL Papparazzi). I 

recorded when she ate and defecated. 
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Seed dispersal models 

Radio-collared P. alecto, studied during a 12 month period, foraged in spring-fed 

rainforest patches and roosted in spring-fed rainforest patches during the major part of 

the wet season. For the purposes of this model 25 km is used as the maximum distance 

travelled between roost site and forage site even though a straight line distance of29.3 

km was recorded for a radio-collared P. alecto (Table 2.2; Chapter 2). The model also 

assumes movements between a number of foraging sites within the same night (this is 

based on three nights of triangulation data recorded from a radio-collared female P. 

alecto during the wet season) (Chapter 2). 

Over a 15 month period the fruit diet of P. alecto was recorded by means of seed trays 

placed beneath a maternity roost and a wet season roost and by identification of feeding 

trees during nocturnal spotlight censuses. A number of ingested seeds were identified: 

various Ficus spp; Nauclea orientalis; Timonius limon; and a few Syzygium nervosum 

(Chapter 3). 

Rainforest coverage 

The model is based on a known roost site (KlO) (12 ° 25' 01 S, 131° 12' 53"E) situated 

in the Gunn Point Peninsula area which was used by radio-collared P. alecto and all 

rainforest patches within 25 km radius from this roost site. Rainforest data from 

mapping at 1:100,000 scale (Russell-Smith and Lucas unpubl.) on Geographic 

Information System (GIS) (Arclnfo) were used to calculate the number of spring-fed 
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rainforest patches, size and distance for every patch within the 25 km radius of the roost 

site which included both patch to patch distances and patch to roost distances. 

Dispersal of seeds by P. alecto between these patches was modelled. For the purpose 

of developing this model, I assumed: 

i) P. alecto has a full stomach after the last feeding event of the night; 

ii) P. alecto flies at 40 km·1 per hour (L.S. Hall pers. comm. cited in Richards 

1990a); 

iii) P. alecto is equally likely to be at any rainforest patch (within 25 km) prior to 

returning to the roost after nightly foraging; 

iv) P. alecto moves within a radius of no more than 25 km from the roost site to the 

forage site; 

v) Wet season roost is rainforest. (During the major part of the wet season, radio

collared P. alecto roosted in rainforest habitat) (see Chapter 2); 

Parameters for the foraging site to roost site seed dispersal model: 

1) s = the number of seeds in a full P. alecto; 
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2) L =the number of P. alecto at the roost site (this is based on estimates of wet 

season roosts sites containing < 500 P. a/ecto, Chapter 2); 

3) y = the median passage time (in minutes) for seeds although this may vary 

between different seed types and sizes; b = the maximum passage time (in 

minutes); 

4) 1F the number of rainforest patches within 25 km of the roost (=38, calculated 

on GIS); 

5) d;= the distance from patch to roost(calculated from GIS); 

6) From assumption ii), the distance travelled before seeds are defecated at the 

median passage rate ~ed = 40 y 

60 

The probability (P) of moving a seed from patch i to the roost on any given night was 

calculated as: 

Equation 1 P = ( ~ed - d;)l ~ed• if d; < ~ed 

= 0, if d; >dmed (assumes a seed is defecated at y minutes after 

ingestion). 

But, as P. alecto is equally likely to be at any patch imediately before returning to the 

roost, this should be summed across all patches, to all P. alecto on one night. 

n 
Equation 2 I, [(dmer d;) /~ed] In 

i=l 
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The number of seeds being deposited into the roost site by all P. alecto on one night was 

calculated as: 

n 
Equation 3 {I, [(~ed- di) /dmed] In} XL X s 

i=1 

A second model was used to calculate the probability of seeds being moved from one 

foraging site to another, and the model included the following parameters whose values 

have been assumed: 

i) s = P. alecto individuals have a full seed load of 100 seeds when they move 

from one foraging site to the next; 

ii) L - there are 150 P. alecto using rainforest patches within 25 km during the 

night; 

iii) P. alecto will not fly >25 km between foraging patches during the wet season; 

(This is based on foraging movements recorded for radio-collared P. alecto 

Chapter 2). 

iv) f- there are an average of two inter-patch flights per P. alecto per night; 

(triangulation data, Chapter 2). 

Parameters for rainforest foraging site to rainforest foraging site model: 

1) n - there are 3 8 potential foraging patches (calculated from GIS and not 

including the patch that the animal is foraging in); 
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2) dii- the distance from any patch (i) to another patch (j) (calculated from GIS); 

Assuming all patches are equally likely to be visited, the probability of patchj being 

the next patch visited after patch i = lln. If dii < dmax km, then the probability of a seed 

being moved by P. alecto during a flight from i to j was calculated as: 

Equation 4 

if dii ~ dmed , the probibility = 0 

If the length of time spent at patchj was so brief that a P. alecto individual should take 

seeds from patch· i toj then onto k, a further term would be needed in the probability 

model. However, during this study no such short visits were recorded (triangulation 

data, Chapter 2). 

For any one movement from patch i to patchj, the probability that any seed carried by 

P. alecto is dispersed into a "patchj" was: 

n n 
Equation 5 L L [ ~ed - dii I ~ed] I n2 

i=l j=l 

The number of actual seeds deposited in each rainforest patch was calculated as: 

n n 
Equation 6 L L [~ed- dii I ~eJ I n2 xf x s x Vn 

i=l j=l 
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Results 

Gut passage rates 

The female P. alecto was observed continuously from 1900 hrs until 0630 hrs (11.5 

hours). The female had not eaten since the previous night and was assumed to have an 

empty intestinal tract. Food was placed in the enclosure at 1900 hrs and the female 

began eating immediately. The first defecation occurred 15 minutes later. The female 

continued to feed throughout the night, although not continuously. To obtain an 

estimate of gut passage time, with what was assumed to be a full seed load, all food was 

removed from the cage at 0430 hrs. Up until that time, the female had free access to 

food for 9.5 hours. The female then defecated 3 times with the last defecation occurring 

66 minutes after the removal of food. The experiment was terminated 54 minutes later. 

Accordingly, I use 66 minutes as the maximum gut passag-e time for seeds ingested by 

P.alecto. 

Forage to roost dispersal 

From Equation 2, the average probability that a seed from a rainforest forage site would 

be deposited into the rainforest roost from any of the 3 8 patches within the 25 km radius 

= 0.45 

From Equation 3, the number of seeds deposited at the roost site by all roosting P. 

alecto 

= 0.45 x 100 x 150 = 6, 500 per night 
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Forage site to forage site dispersal 

From Equation 5, the average probability of a seed being deposited into any rainforest 

patch within the 25 km radius 

= 0.45 

From Equation 6, the number of seeds being deposited in each rainforest patch within 

the 25 km radius in which P. alecto foraged in 

= 0.45 x 2 x 100 x 150 + 38 = 346 seeds per night. 

Discussion 

The seed dispersal models are simple and possibly conservative in their estimates. 

Using a combination of assumptions and parameters developed in the models, I have 

demonstrated that P. alecto move between rainforest patches during the night and, I 

conclude that P. alecto are probably responsible for the transfer of hundreds of seeds 

to rainforest patches nightly. Concerning passage rates, the work ofTedman and Hall 

(1985) demonstrated that passage rates may be a lot faster than one hour (1 hour was 

used in this study) for P. poliocephalus and P. alecto and P.conspicillatus also rarely 

has food in the gut after an hour (G. Richards pers. corn.). Movements are not confined 

to foraging flights; long distance movements can usually be associated with the 

changing of a roost site, where the animal moves to a new roost site at the end of nightly 

foraging. For example, on a number of occasions radio-collared P. alecto were recorded 

moving 76 km- 132 km between roost sites (Chapter 2). Such flights presumably 

provide a mechanism for seed dispersal over long distances. 
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There are a number of shortcomings in the model. Figs are an important food item in 

the diet of P.alecto but extrapolation of Ficus spp. seeds to other fruit seed species 

should be treated with caution. The model is simplistic in its assumption that P. alecto 

flies from one patch to any other patch randomly within the 25 km radius. Data 

collected on foraging ecology (Chapter 3) demonstrate that P. alecto selects sites that 

are richer in resources, when compared to floristically similar sites. Pteropus alecto has 

sophisticated strategies for tracking patchy resources that occur in resonably high 

densities and does not appear to move through the landscape randomly searching for 

resources. Moreover, P. alecto has been observed flying over rainforest patches during 

nightly exits from rainforest roost sites and flying between islands off Arnhemland, 

Northern Territory (pers. obs.). The length of visit in any one patch may depend on the 

amount of fruit resources, size of the patch or the occurrence of neighbouring plant 

patches. Although these factors may influence the dispersal of seeds considerably, they 

would not change the general conclusion that a large number of seeds are being moved 

between patches by P. alecto. 

Pteropus alecto ingest seeds from a number of plant species (Chapter 3), and canopy 

species are particularly important in the diet of Pteropus spp. (McKenzie 1995; Rainey 

et al. 1995; Utzurrum 1995, Chapter 3). Canopy trees (Ficus spp. and Neonauclea spp., 

a close relative of Nauclea spp.) have been recognised as important for forest 

establishment and regeneration on Krakatau Island (Whittaker and Jones 1994), and it 

is notable that fruit from the same suite of species is important in the diet of P. alecto 

in the Northern Territory (Chapter 2). Thomas (1982) reported that viable seeds of 90-
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98% of woody plant seeds had been dropped by bats in clearings in West Africa. 

Similarily, in Samoa, 80-100% of seed rain in the dry season is thought to be from 

flying foxes (Cox et. al. 1991). 

The movements of P. alecto may be an important for the maintenence of ecological 

connectedness between patchy rainforest habitats in northern Australia. Serious 

modification of the configuration of rainforest patches within the landscape resulting 

in increased distance between patches may disrupt the dispersal systems needed for 

maintainence of genetic diversity. Additionally, if there were local extinctions of fruit

eating birds or bats this could have an effect on the recruitment of fruiting trees that are 

dependent on those animals for reproduction (Ho we 1984 ). The importance of canopy 

trees in maintaining the structural integrity of rainforests has been suggested by Cox et 

al. (1991), with the loss of canopy trees in rainforest habitats ultimately affecting the 

entire community structure which could lead to a "cascade oflinked extinctions". It is 

unknown whether the seed load deposited in rainforest patches (346 seeds) for all 

individual P. alecto are only a small proportion of the seeds being deposited within 

rainforests. Since there are a few adult trees in each patch, it seems likely that large 

numbers of seeds are required to produce an adult tree and this large number of seed 

immigrations could be the minimum required to maintain the connectivity between 

rainforest patches. Any reduction in P. alecto numbers will affect the rate of seed 

immigration. Furthermore, nutrients found in the feces and seeds (approximately 6,500 

seeds per night by 150 P. alecto) being deposited into the rainforest roost could be a key 

component in maintaining some of the nutrient input in the soil. 
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Chapter 5 

Synopsis and management directions 

This study provides detailed information on P. alecto tracking rich but usually 

ephemeral flower and fruit resources in the seasonal tropics of the Northern Territory. 

Notably, P. alecto require a substantial land area to range over for their distinctive and 

sometimes contrasting habitat requirements for roosting and foraging. Radio-collared 

P. alecto ranged over an approximate area of 12600 km2 during a 12 month period and 

exploited resources that were patchily distributed through the landscape at two scales: 

firstly, at the broad habitat level: eucalypt open forests and/savanna verses rainforest; 

and secondly, selecting sites within these habitats that were comparatively richer in 

flower or fruit resources. Additionally, results from this study further support the 

contention that P. alecto connects otherwise isolated rainforest patches through seed 

dispersal and therefore is an integral component in the dispersal system for many plants 

in rainforest patches of the Northern Territory. 

Pteropus alecto is regarded as common and widespread in the Northern Territory, 

however, with increasing human activity and associated land uses there will be greater 

demands and pressure on ecological systems. Due to their mobility and reliance on 

patchy resources P. ale eta are vulnerable to a variety of land use practices carried out 

indiscriminately across their range. It is important to recognise that no matter how well 

placed conservation reserves are, P. alecto will be substantially dependent on off

reserve land. 
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From a management perspective, results from this study show the lack of flexibility 

females have in shifting maternity roosts and presumably these maternity roosts are 

positioned at a focal point of resource distribution. Therefore, it may be most critical to 

identify these maternity roosts and to negotiate some form of conservation protection 

for them. Finally, given P. alecto's key role in seed dispersal and, potentially, 

pollination, it is vitally important to examine the effects of land use on P. alecto 

populations and to implement a program that will monitor trends in the population. 

Therefore, survey techniques for estimating populations need to be developed and 

standardised. Maternity roosts should be the focus for a population monitoring program 

for a number of reasons. Firstly, an index of the abundance of breeding females could 

be estimated, and indirectly its rate of increase. Secondly, from a practical viewpoint, 

maternity sites are occupied for 6 months of the year, whereas other roost types are used 

in response to fluctuating food resources, are more dispersed throughout the landscape, 

shift frequently and contain fewer animals. 

The Northern Territory is in a unique position to be able to genuinely use integrated 

approaches of conservation planning, because the landscapes remain relatively intact. 

If structures can be incorporated for off-reserve land management that encourage 

suitable and sustainable land management practices, while safeguarding roosting and 

foraging habitats for P. alecto, we can work towards sustaining biological diversity. 
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Male 8 > I year 

Land Cover Key 

D Dryruilo.forau 

• Riverine rainforests 

Spring-:f<d roinjor<su 

~ Mongrov~Jsaline flatJ 

• Optn Fortst 

• Low Open Foresr 

o woodland 

I• JanuiiiJI 
2 • February 
3• Mnrch 
4•April 
5 • May 
6 • June 
7• July 
8 • August 
9 • September 
I 0 -<l<tobcr 
I I • NO\'Cmbcr 
12 • December 

0 Foraging Site 

e Roosn"ng Sire 

l 
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Male 9 < 1 year 

Land Cover Key 

0 Dry raltiforau 

• Ri¥trlne railtfOresu 

• Sprillf {<d rrztnjo,.IU 

~ Mtmgrovd>alw }Ulu 

• Opo~Fore.r 

• Low O]Nn Forcst 

o woodkurd 
1 • Janull)' 
2 • February 
3• Marcb 
4 •April 
5• May 
6 • June 
7 • July 
8 • August 
9 • September 
10-Qctober 
11 • November 
12 • December 

0 Foraging Sik 

e Roosting Sit• 
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Female 10 > 1 year 

Land Cover Key 
Dry railiforosu 

• Rivtrine ruilfiOrt•D 

• Sprillr -.f<d raitlfornu 

~ MangrtNr/Jaline jfau 

• Opcn Forul 

• Low{)petc Forest 

o woodiand 
l• lanUAI)' 
2 • February 
J• Morch 
4 • April 
5• May 
6 • June 
7 • July 
8 •August 
9 • September 
10 -october 
11 - November 
12 • Deeember 

0 Foraging Site 

e ROOJring Si1e 
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Female 11 > 1 year 

Land Cover Key 
O Dry roiltjrw.su 

• Rinrine raitifor~JfJ 

• Sprl•r fed rabifotuu 

~ !fan,.Usalillc_Jor. 

• OtNnFo~sr 

• Low Ope.11 Fortsl 

o woodland 
I •lanull)' 
2•Fcbnwy 
3• Man:h 
4 • April 
5 •May 
6 • June 
7 •July 
8 •Auaust 
9 • September 
10 -<koobcr 
11 •NovcmbCI' 
12 • December 

0 Foraging Sile 

e Roosting Sit<! 
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Female 12 > 1 year 

Land Cover Key 

0 Dry ralnfort:31> 

• Rll·a ine rainji:xuu 

_ Spring-fod ralnforua 

[11 Mangrovclsalinejlau 

• Opu' Forrst 

• Lol'l OJHn Forest 

D Woodland 

l • January 
2 • February 
J• March 
4 • April 
5• May 
6 • June 
7 • July 
8 • August 
9 • September 
10 c()c:lobcr 
l l • No\·cmber 
12 • December 

0 Foraging Sit<! 

e Roosting Sile 

l 
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Female 13 > 1 year 

Land Cover Key 
Dry rail!foreso 

• Riv~rlne rviltjixnn 

• Spring -f<d rainjomu 

~ MluofNT"dJIU/ilre }lots 

• Op<n Porr~t 

• Low Open Forttr 

o woctlland 

I•JonUil)' 
2 • February 
3• MllCh 
4•April 
l•May 
6 • June 
7 • July 
& • August 
9 - Scplembct 
10 -<>etober 
11 • November 
12 • December 

::> Foraging Site 

e Roosting Sir. 
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Female 14 < 1 year 

Land Cover Key 

Q Dry rainfor.su 

• Rivoine rainforuu 

• Spri"'-fod rainfor.su 

~ Mangr"'YdsaliN Jlal• 

• Open For.st 

• Low Open Forat 

0 Woodland 

l• Januuy 
2 • February 
3• Mon:h 
4- April 
S• May 
6 • June 
7• July 
I • Au&ust 
9 • September 
10-october 
l l • Novembcr 
12 • December 

0 Foraging Sit~ 

e Roosting Sue 

I 
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Female 15 > 1 year 

Land Cover Key 

o Dry~a 

• Rit~~rine rain.I;Jrem 

• SpriJif-f<d raiJtjm-<ID 

~~~ Mtm,..,.malw Jlor. 

• OpmForar 

• Luw Open Form 

DWocdlatul 

I•)Muory 
2 • February 
J• March 
4•April 
S•May 
6•June 
7 - July 
8 • August 
9 • September 
I 0 -<lctobc< 
11 - November 
12- December 

0 Foraging Site 

• Roosting Sit~ 

l 
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Female 16 > 1 year 

Land Cover Key 
D Dry ruinforuu 

• Ri~·trint rainj:Nnt.J 

_ Spring-frd ruin.{onsu 

~ MQ.IIgrovdsalilltjlars 

• OJN.nFonsl 

• Low Open Foresr 

D Woodland 

l • January 
2 • February 
3• March 
4 • Apri l 
S• May 
6 • June 
7 • July 
8 • August 
9 • September 
\0 -<lclobcr 
11 - November 
12 • Dcc:cmbcr 

0 Foraging Sire 

e RCXJsting Site 

1 
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