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Abstract 

 

The black flying-fox (Pteropus alecto) is extending its range southward and is now sympatric 

with the grey-headed flying-fox, (P. poliocephalus) in New South Wales.  Competition for 

food between the two species has been suggested as a contributor to declines of the vulnerable 

grey-headed flying-fox.  During winter 2016 the diet of both species was investigated over one 

night at four sites of sympatry, by microscopic analysis of faecal samples. Resource 

partitioning between the two species was found, with the black flying-fox either preferentially 

choosing to eat more fruit than the grey-headed flying-fox or being an inferior competitor for 

pollen and nectar.  These results, though limited, do not support the hypothesis that the black 

flying-fox threatens the grey-headed flying-fox through food competition.   

 

Introduction 

 

Increasing human impact on the global environment is causing unprecedented changes in 

terrestrial ecosystems. Wildlife species can respond to these changes by altering geographic 

distribution (‘range shifts’) (Ancillotto et al. 2016).  However, these responses can have 

knock on effects such as altering inter-specific interactions (Alexander et al. 2015).   

 

Range shift is exemplified by Pteropus bats (flying-foxes) in Australia; in particular the black 

flying-fox (Pteropus alecto) and the grey-headed flying-fox (Pteropus poliocephalus). 

Historically (pre-1920s), the southern limit of the distribution of the black flying-fox was 

23S, corresponding with the northern limit of the grey-headed flying-fox. As the range of 

the black flying-fox has extended southwards during the last century the two species 

increasingly occur in sympatry on the eastern coast of Australia (Roberts et al. 2012).  

Although the range of the grey-headed flying fox has remained constant, its abundance has 

declined in areas of species overlap (Roberts et al. 2012).  It has been repeatedly suggested 

that the range expansion of the black flying-fox may threaten the grey-headed flying-fox 

through competition for food (Eby et al. 1999; Birt and Markus 1999; Welbergen 2004), 

possibly contributing to the decline of grey-headed flying-fox and its assessment as 

vulnerable by the IUCN. 

 

The diet of flying-foxes is hypothesized to be a driver of range shifts (McWilliam 1986) and 
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resultant inter-specific competition (Eby et al. 1999).  Both black and grey-headed flying-

foxes are dietary generalists, feeding on a wide range of plant matter. Grey-headed flying-

foxes are sequential specialists (feeding on foods in a hierarchy of preference) (Parry-Jones 

and Augee 1991, 2001).  Nectar and pollen of native trees, particularly those in the families 

Myrtaceae and Proteaceae, are the preferred food source, and Ficus spp. are also important 

(Schmelitschek et al. 2009.) Black flying-fox diet preferences are less well documented. This 

species will eat a range of native and exotic plant matter, tracking locally abundant food 

sources (Palmer et al. 2000). Both species are highly mobile (Webb and Tidemann 1996). It 

has been suggested that the diet of each species is equivalent where their ranges overlap (Hall 

and Richards 2000). 

 

Here, we investigate the degree of competition between these two newly sympatric species of 

flying-fox by microscopically identifying dietary items from faeces collected at four urban 

sites of sympatry. If black flying-foxes compete with grey-headed flying-foxes for food 

resources, we hypothesise that both species would be eating similar foods at these sites. 

 

Materials and Methods 

 

Study Sites and Faecal Sample Collection 

Four study sites were used in north-eastern New South Wales, Australia, during early June 2016 

(Table 1). All sites are forest fragments in urban parks which have been used as daytime roosts 

by both flying-fox species since at least 2010 (Parry-Jones pers.com).   

 

Diet was investigated by collection of faeces at each site.  Before dusk, 10 plastic sheets (3.6 

m x 2.6 m) were placed beneath each flying-fox roost. The sheets were scattered broadly 

across the site, with placement ensuring faeces were collected from both species once they 

returned from feeding. The following morning 10 faecal samples were collected from each 

sheet, with individual samples defined as a single isolated dropping. This was done once per 

site with each sample being placed in a separate, sealed plastic bag, and frozen for later 

analysis.  Since flying-fox gut-passage time is very short (Tedman and Hall 1985) faecal 

samples will represent food eaten during the collection night. 

 

Above-Sheet and Colony Species Composition 
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Immediately before collection, observations were recorded on the number and species 

composition of flying-foxes roosting within the sampling range of each sheet, and used to 

determine the probability that a given faecal sample was from a black or grey-headed flying-fox.  

Therefore, each faecal sample on a sheet with a mixed aggregation hanging above had a 

probability of being from either species, rather than a particular sample being directly attributable 

to a species.  The number of Pteropus individuals occupying each site was estimated by counting 

flying-foxes at evening ‘fly-out’ (as in Parry-Jones and Augee 1992a) on the evening the sheets 

were placed at the site. The percentage of each species of flying-fox using a site was estimated 

from ground observations along transects criss-crossing each roost. 

 

Diet Analysis 

Items present in each faecal sample were identified using a modified version of the method 

described by Parry-Jones and Augee (2001).  This method minimally alters the faecal sample 

contents, often composed of the soft parts of fruit which could be rendered unidentifiable by 

straining or drying.   

 

Each faecal sample was thawed and three sub-samples of approximately 4 mm3 were mounted 

onto microscope slides.  A drop of water was added to one sub-sample to use actual colour for 

identification. The remaining two sub-samples were each stained with a drop of 1% aqueous 

safranin solution (Jones 2012).  Three sub-samples have been shown to be representative of the 

entire faecal sample in these flying-fox species (López-Baucells, unpublished data). Each slide 

was examined by light microscopy at x100 and x400 magnification by scanning side-to-side 

transects over the entire slide.  Plant matter was identified using a reference collection (Parry-

Jones, unpublished) and published references (APSA Members, 2007; Shimeld et al. 2000).  

Unidentifiable plant materials were recorded as ‘unknown’ morphospecies.   

 

Flying-foxes are capable of removing the protein from within the resistant exine exteriors of 

certain pollen grains (Parry-Jones 1993), so can digest pollen grains as a dietary component.  It is 

not possible to detect nectar through faecal microscopy; nectar consumption can only be inferred 

by pollen occurrence and corroborated by published behavioural observations. In this study 

pollen occurrence was recorded as either undigested or digested. Intact pollens that occurred 

rarely and were from plants lacking floral nectaries were considered contaminants e.g. acacia 

pollen.   
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All plant materials in the diet were identified to the lowest taxon level possible.  It was not 

possible to distinguish between most species of Myrtaceae pollen grains.  Pollens grains with a 

polar size of < 20 micrometres were identified as Melaleuca spp. and those > 20 micrometres as 

Eucalyptus or Corymbia spp. (López-Baucells, pers. com.). 

 

Statistical Analysis 

Differences in diet composition between the flying-fox species were analysed by comparing a 

matrix of Bray-Curtis dissimilarity in diet composition (Baldoa and Drake 2002) between 

sheets to a matrix of Euclidean distance dissimilarity in flying-fox species composition using 

a Mantel test.  Flying-fox species composition for each sheet was given a value between 0 

(all P. poliocephalus) and 1 (all P. alecto). A significant result (correlation coefficient (r) of 

more than 0.3; Hinkle et al. 2003) indicates an association between diet composition in faecal 

samples and species composition of flying-fox. P-values were generated by 10,000 

permutations of one of the matrices. 

 

Difference between flying-fox species in food group was investigated by comparing associations 

between occurrence of dietary groups (fruit, pollen or introduced plant) in faeces and probability 

that a given sample was from a black flying-fox, using a Generalised Linear Mixed-Effect Model 

(GLMM) with binomial error structure and a logit link function for each food group.  Food group 

presence/absence was the dependent variable and probability the sample was from a black flying-

fox was the continuous predictor, with site included as a random effect to account for between-

site variability. Significant values (P=0.01) showed an association between species and 

occurrence of a given dietary item.  Unknown fruits and pollens were excluded from the 

GLMMs. 

 

The relative frequency of occurrence of a given diet item was expressed in comparison to the 

occurrence of all other identified items in a given set of samples (Parry-Jones and Augee 1991). 

Statistical analyses were carried out using R (R Core Team 2013), in the {vegan} (Oksanen et al. 

2015), {glmm} (Knudson 2018), or {stats} (R Core Team 2013) package. 

 

Results 

 

Colony Composition 
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The approximate colony size in Lismore was 65,000; Nambucca 20,000; Port Macquarie 

100,000 and Wingham >100,000.  The percent composition of black flying-foxes to grey-

headed flying-foxes was 50:50 in Lismore and Wingham, 20:80 in Nambucca and 5:95 in 

Port Macquarie. 

 

Diet Composition 

Our sampling produced 386 faecal samples with 100 samples from three sites and 86 

collected from Lismore.  A summary of the results is given in Table 2.  Myrtaceae pollen was 

the most frequently occurring dietary item, comprising 51% of identifiable plant material.  

Banksia spp. pollen, Avicennia marina leaf and the fruits of Ficus spp., Melia azedarach, 

Ligustrum lucidium and Solanum mauritanium frequently occurred in faecal samples.  

Macadamia spp. pollen occurred regularly, but was undigested. All other identified items 

occurred at < 1% frequency.  Native species predominated over introduced or cultivated 

species, with a relative frequency of occurrence of 84%. Twenty faecal samples also 

contained the remains of large insects. 

 

Dietary Differences Between Flying-Fox Species 

A Mantel correlation analysis showed a significant, positive correlation between dissimilarity 

matrices of diet composition and flying-fox species (r=0.4186, p<0.001).  Diet composition, 

therefore, differed between flying-fox species with individuals within a species having more 

similar diet composition within a species than between species. 

 

Occurrence of fruit in faecal samples increased with increasing probability that a faecal sample 

was from a black flying-fox (GLMM: Odds Ratio = 7.29; CI:3.26-16.27; p=0.01), (Fig. 1 a).  

Occurrence of pollen in faecal samples decreased with increasing probability that a faecal sample 

was from a black flying-fox (GLMM: OR:0.38; CI:0.20-0.73; p=0.01), (Fig. 1 b).  Occurrence of 

introduced plants in faecal samples on a sheet increased with increasing probability that a faecal 

sample was from a black-flying fox (GLMM: OR:2.51; CI:1.38-4.58; p=0.01), (Fig. 1 c).  The 

relative frequency of occurrence of fruit and pollen reflects the estimated proportions of each of 

the two species roosting at each site with more fruit consumed at sites with higher overall 

proportions of black flying-foxes (Fig. 2). 

 

Discussion 
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The sites in this study had medium to very large colonies of flying-foxes in residence. Colony 

size is related to the available food supply and large winter colonies are associated with 

availability of flowering forest eucalypts (Parry-Jones 1985) so it is likely that this study 

occurred when this preferred food source was abundant. The dietary items found in the 

present study are consistent with the range of dietary items known to be consumed by grey-

headed and black flying-foxes. 

 

Myrtaceae pollen was the most frequently consumed dietary item.  This supports a reported 

preference for such pollen when available, with flying-foxes known to concurrently drink the 

nectar (Parry-Jones and Augee 1991, 2001).  Banskia pollen was also an important dietary 

item.  Both Myrtaceae and Banksia pollen grains were digested, and it is likely that both 

nectar and pollen were consumed from these blossoms.  Macadamia pollen also occurred 

frequently in faeces, this is likely for nectar as Macadamia pollen grains did not show 

evidence of digestion: this requires confirmation by observation of flying-fox feeding 

behaviour, especially due to the small size of the flowers of Macadamia inflorescences. 

However, bats will eat nectar from small flowers if they occur in inflorescences e.g. Banksia. 

All identified pollen was native to north-eastern New South Wales, although Macadamia 

trees predominantly occur in cultivation.  A range of native and introduced fruits was also 

consumed. 

 

Leaves of Avicennia marina were widely consumed, possibly for their salt content (Parry-

Jones and Augee 1991).  Large arthropod parts present in the faecal samples are likely due to 

deliberate insectivory. There is a growing body of evidence suggesting insectivory is 

common in Pteropodids (Parry-Jones and Augee 1992b, Barclay et al. 2006) possibly to 

supplement protein intake and to meet nitrogen requirements.   

 

Fruit remains were significantly more likely to be found in faecal samples with a higher 

probability of being from black flying-foxes than from grey-headed flying-foxes, with the 

latter more likely to contain pollen/nectar.  These findings show that grey-headed flying-

foxes are able to consume their preferred food sources even when in sympatry with black 

flying-foxes, and support suggestions that black flying-foxes are more frugivorous than grey-

headed flying-foxes (Nelson 1965; McWilliam 1986; Birt 2004).   
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This study reflects diet over just one night at each site, and the results cannot be extrapolated 

to different seasons or different circumstances of resource availability.  In particular, during 

resource scarcity the ability of the two-species to compete for limited food items may differ. 

When grey-headed flying-foxes have to rely on less-preferred food items, such as fruit, 

competition may increase.  Our results also contain a relatively small number of samples with 

a high probability of being from black flying-foxes, so species differences may be less 

distinct in our results. 

 

When morphologically and ecologically similar species occur in sympatry, they do so by 

partitioning limiting resources, such as food, to avoid competitive exclusion (Hardin 1960). 

Since the hierarchy of food preference for grey-headed flying-foxes is well established, (with 

pollen/nectar of the Myrtaceae and Proteaceae as the ‘first choice’), the greater occurrence of 

fruit we found in the black flying-fox diet is either due to an intrinsic preference, or because 

black flying-foxes are outcompeted by grey-headed flying-foxes for floral resources and so 

consumes fruit as an available second option.  However, competitive exclusion theory applies 

to stable environments (Chesson 2000) and given the heterogeneity of Pteropus food 

availability in space and time, the presence or degree of competition may fluctuate as 

resource provision fluctuates.  In mixed-species roosts occupancy patterns differ between 

Pteropus spp. with grey-headed flying fox population size showing more extreme fluctuation 

than that of the black flying-fox (Birt 2004; P. Eby, pers. obs.).  This hints at a reliance on 

different food resources, as these are a key factor in Pteropus movements (Eby 1996; Palmer 

and Woinarski 1999), as would be expected if there was a partitioning of food resources. 

 

The reasons for the southward expansion of black flying-foxes are unknown, with Roberts et 

al. (2012) rejecting climate change and conversion of native forest to agricultural and urban 

land as an explanation.  Two alternative mechanisms should be considered.  Firstly, if grey-

headed flying-foxes are the superior competitor, the southward expansion of black flying-

foxes may be a response, rather than a contributing factor, to grey-headed flying-fox declines 

(Roberts et al. 2012).  Loss of habitat that provides flowering resources would be more likely 

to cause population declines in the more nectarivorous grey-headed flying-fox.  Secondly, the 

current study shows that black flying-foxes consume introduced plants more often than grey-

headed flying foxes. If black flying-foxes are more frugivorous, then the southward 

expansion may be to exploit fruit resources, including recently-naturalised plants such as wild 

tobacco and privet, which fruit in the resource-poor winter. 
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This study provides evidence that when grey-headed and black flying-foxes occur in 

sympatry there is partitioning of food resources. The results do not support the view that the 

expansion of the black flying-fox is a contributing factor to the decline of the grey-headed 

flying-fox due to food competition.  Black flying-foxes are not outcompeting grey-headed 

flying-foxes if the latter can forage on the more favoured Myrtaceae pollen while black 

flying-foxes forage on fruit; although the reverse competitive scenario is a possibility.  

However, resource partitioning between the two species may be a matter of preference rather 

than competition, or might differ during times of resource scarcity.  
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Figure and table captions 

 

Fig. 1. Proportion of faecal samples on a sheet containing certain dietary items as a function 

of increasing probability (shaded area indicating 95% confidence intervals) that faecal 

samples on that sheet are from Pteropus alecto. (a) proportion of faecal samples containing 

fruit; (b) proportion of faecal samples containing pollen; (c) proportion of dietary items 

occurring on a sheet which are from an introduced species.  

 

Fig. 2. (a) Relative frequency of occurrence (%) of fruit (dark grey) and pollen (light grey) in 

faecal samples, (b) estimated proportions of Pteropus poliocephalus (grey) and P. alecto 

(black) at four Pteropus colony sites. 

 

Table 1. Description of four flying-fox colony sites in forest fragments within urban 

areas in north-eastern New South Wales 

 

Table 2. Plant taxa represented in black flying-fox and grey-headed flying-fox faecal 

samples collected from four colony sites 


