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Abstract
The aim was to determine the predominant bird-pollination mode of Acacia ausfeldii, a threatened species from box-ironbark bushland in the central goldfields region of Bendigo, Victoria. There have been observations of fuscous honeyeaters and white-naped honeyeaters probing the flowers from inflorescences and mealybug secretions close to the flowers. The impact that this might have on pod set had not been investigated.  To determine the predominant pollination mode of A. ausfeldii, an exclusion experiment and observations were conducted to determine the following:
1. Are the plants of A. ausfeldii bird-pollinated within the central goldfields region of Victoria?
2. Do extra-floral nectar glands contribute significantly to the number of inflorescences setting pods by producing nectar that attracts birds, or from supporting mealybugs that act as a food resource for birds and cause indirect pollination?
3. Do birds contribute to significant loss of flowers from A. ausfeldii inflorescences, as has been found previously for A. pycnantha?
4. Do birds probe the flowers of inflorescences either in search of arthropods (e.g. beetles and caterpillars) or eat the flowers directly?
First, it was found that A. ausfeldii was significantly pollinated by birds (mainly fuscous honeyeaters). Second, the extrafloral nectar glands produced no observable quantities of nectar nor did they support infestations of mealybugs (mealybugs were absent this flowering season). Further work would be needed to monitor mealybug infestations across flowering seasons to test its impact on the potential pollination or health of A. ausfeldii populations. Third, birds contributed to a significant loss of flowers from inflorescences relative to insects or other arthropods. It was also found that birds contributed to an increased average number of pods setting per inflorescence than insects, indicating that flower removal did not impact negatively upon pod set. Therefore, A. ausfeldii was predominantly pollinated by the action of birds (mainly fuscous honeyeaters) from the action of probing and removing flowers from inflorescences. It was suggested that pollination of other acacias by this mode is more likely for species that flower in winter or early spring (when insect activity is low), comprise a sufficient number of flowers per inflorescence, provide edible floral parts and do not exhibit bird deterrent features such as spines.

Introduction
Acacia ausfeldii is a shrub to small tree of 2-4m with green foliage covered in tiny resinous dots, and localised to dry box-ironbark bushland and mallee (Costermans, 1981). The golden-yellow inflorescences are held on axillary peduncles, and the gland (extrafloral nectar gland or EFN) is positioned near the base of the phyllode on its upper margin and hardly visible with the naked eye (Costermans, 1981). A. ausfeldii is currently declared a threatened species with isolated populations in Bendigo (Vic), Heathcote (Vic) and Mudgee of NSW (VicFlora, 2026).
Many researchers have argued that extrafloral nectaries of Acacia spp. function to protect the foliage or reproductive tissues from herbivorous damage (e.g. Janzen 1966; Bentley, 1976, 1977a, 1977b; Innouye and Taylor, 1979; Koptur, 1979). This is accomplished by attracting ants and wasps to the secretions, which in turn influences the activity of phytophagous insects (Bentley, 1977a).  But an additional function for extrafloral nectaries was proposed for several species of acacia by Ford and Forde (1976) and Knox and his colleagues (Kenrick et al. 1983; Knox et al. 1985). They had observed birds visiting the extrafloral nectaries of Acacia pycnantha and A. terminalis, and whilst accessing the extrafloral nectar the birds brushed against the inflorescences and were subsequently dusted with pollen (Vanstone and Paton, 1988). However, it was found that birds, especially honeyeaters (fuscous honeyeater, yellow-faced honeyeater, white-naped honeyeater and Red Wattlebird), thornbills and silvereyes probed the flowers of A. pycnantha inflorescences far more frequently than EFNs (Nancarrow, 1994 & 2024). Similarly for A. dealbata in Tasmania, pollination was caused by birds probing the flowers of inflorescences (Giffin et al., 2020). Further, birds significantly contributed to the removal of flowers from the inflorescences of A. pycnantha relative to insects (Nancarrow, 2024.), which we which we expect would harm the plant’s pollination success.  From exclusion experiments it was determined that birds do significantly pollinate A. pycnantha, but by what mechanism (Vanstone & Paton, 1988. Nancarrow, 1994)? It was concluded by Nancarrow (2024) that birds probing flowers of inflorescences was the predominant pollination mode of A. pycnantha in virtue of the following pieces of evidence:
1. Birds contributed significantly towards a higher number of inflorescences setting pods relative to insects.
2. Birds contributed significantly towards a higher average number of pods setting on inflorescences relative to insects
3. Extrafloral nectary glands did not contribute significantly towards pollination of A. pycnantha.
4. There was an average of 46 flowers per inflorescence of A. pycnantha, and birds only removed a small portion of these flowers, suggesting this act of flower removal was not affecting pod set negatively (see also evidence number 2.).
5. The incidence of birds probing flowers of inflorescences was far greater than the probing of extrafloral nectar glands.
The aim of this project is to test whether this mode of pollination (i.e. the act of birds probing flowers of inflorescences) could be occurring in other Acacia species by investigating the pollination ecology of Acacia ausfeldii. Nancarrow (1994) had observed Fuscous honeyeaters and White-naped honeyeaters probing the flowers of A. ausfeldii, as well as the secretions from mealybugs (Dysmicoccus acaciarum). The birds contacted the blossoms in the process. To achieve this goal the following questions were investigated:
1. Do birds pollinate A. ausfeldii in the goldfields region of central Victoria?
2. Do birds cause significant removal of flowers from inflorescences relative to insects and other arthropods?
3. Do extrafloral nectar glands play a potential role such as supporting mealybugs, which in turn attract birds and result in pollination?
4. If flowers are removed by birds, how does this impact on the pollination of A. ausfeldii?
5. Finally, what is the relative role that both extrafloral nectar and floral food resources play towards bird pollination of A. ausfeldii?

Method
2.1.  Study Site
	All the observations and experiments were performed in box-ironbark bushland adjacent to Maiden Gully near Bendigo, Victoria at -37.035497, 143.721058 co-ordinates. The bushland contained a mixed association of Eucalyptus sideroxylon, E. melliodora, E. leucoxylon and E. macrocarpa, along with Acacia genistifolia, A. acinacea, A. pycnantha and A. baileyana (a naturalised wattle, which is sparsely populated).  A. ausfeldii was abundant in this patch of bushland.
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Picture exhibiting A. ausfeldii in bloom within the study site

2.2.  Exclusion experiment designed to ascertain the predominant pollination mechanism of A. ausfeldii
	Eight trees of A. ausfeldii were randomly selected, and on each of these individual plants, three branches were randomly chosen. To achieve random selection as best as possible google maps were employed in which 20mx20m plots were zoned (zoned only where A. ausfeldii was present in sufficient numbers i.e. at least 20 plants), each zone was allocated a number, and the number raffled to determine the study site for exclusion experiments and flowering phenology. Within this zone each plant was allocated a number, and the first eight numbers drawn determined the study plants to be employed for experimentation. On the eight selected plants each branch was given a number and the first three numbers were drawn to determine the treatment for exclusion experiment. The treatments applied during July of 2025 to the three branches were as follows:
1. Bird inclusion (no applied treatment – both birds and insects able to visit inflorescences).
2. Bird exclusion treatment (10mmx10mm wire-mesh cage constructed and fitted, with the aid of tie-wire, around all inflorescences on the branch) to exclude birds from visiting flowers, but allow insect foragers to visit.
3. Control: A fibreglass fly-wire cage was placed over the branch to prevent insects or birds from visiting the flowers. This was to control for any potential self-pollination, wind-pollination or ant pollination (especially small ants that may gain entry to the flowers). The cage was sealed around the stem, and all other edges with staples.
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Pictures of control treatment on the left, bird exclusion treatment on the right
2.3. Determining the relative contribution of birds towards the percentage of inflorescences setting pods.
The independent variable tested was bird exclusion. For bird inclusion treatment (see section 2.2) each inflorescence was counted before the commencement of flowering. For bird exclusion treatment each inflorescence inside the bird exclusion cage was counted before the commencement of flowering. The cage remained intact throughout the duration of the flowering period. The dependent variable was the number of inflorescences setting at least one pod, which was recorded in November when pods were clearly visible. All other variables were controlled. The data was recorded as percentage of inflorescences setting at least one pod. A chi-square significance test was employed to test the null hypothesis that birds make no significant difference to the percentage of inflorescences setting pods. The alternative hypothesis was birds significantly contribute to the percentage of inflorescences setting pods. 
	To test for the relative contribution of insects towards the pod set of A. ausfeldii, the bird exclusion treatment was compared to the control treatment in exactly the same methodology as employed for comparing the bird exclusion and bird inclusion treatments.
2.4.  Determining the contribution birds have towards the removal of flowers from A. ausfeldii inflorescences.
The independent variable was bird exclusion. The dependent variable was the percentage of inflorescences missing a visible patch of flowers (at least 5 flowers missing), which was recorded weekly and tallied over the duration of the flowering period. The two branches being compared on each study plant were the “bird inclusion” and “ bird exclusion” treatments. As for experiment 2.2 and 2.3., data was recorded as percentage of inflorescences with visible patches of flowers removed with the same statistical test of significance. The null hypothesis was birds do not significantly contribute to flower removal. The alternative hypothesis was birds significantly contribute to the removal of flowers. 

2.5.  Determining the contribution birds have towards the average number of pods setting per inflorescence (only for inflorescences that set at least one pod).
The independent variable was bird exclusion. The dependent variable was the number of pods set per inflorescence (only those inflorescences that had set pods). Average number of pods (meanstandard deviation) was calculated for the “inclusion treatment” and “exclusion treatment”. A box-plot of the data was constructed along with five-figure summary. The meanstandard deviation of the two treatments were compared using an unpaired t-test to test the one-tailed probability of significance. Null-hypothesis was that birds do not contribute significantly to the average number of pods setting per inflorescence. The first alternative hypothesis was birds do contribute significantly to the average number of pods setting per inflorescence. The second alternative hypothesis was birds deleteriously affect the number of pods setting per inflorescence.

2.6.  Flowering phenology of A. ausfeldii.
The number of open inflorescences on each of the eight study plants were recorded throughout the duration of the flowering period from the period when flowering had not commenced to the time when flowering ceased. One-quarter of the plant was chosen haphazardly and blooming inflorescences counted. The final flowering magnitude was 4xnumber inflorescences counted. A line graph was created with total numbers of inflorescences across the eight study plants versus date to identify the flowering duration and peak flowering times. 

2.7.  Average number of flowers per inflorescence
Five inflorescences per five randomly chosen study plants were selected, and the number of flowers counted. The inflorescences selected were those that had not started blooming (i.e. in bud form). The data was recorded as meanstandard deviation with n=25, and a box-plot constructed along with five-figure summary.

2.8. Relative incidence of inflorescences being used as a food resource by birds.
The incidences of honeyeaters, silvereyes and thornbills foraging on extrafloral nectaries (EFNs) or inflorescences were recorded in the study site weekly throughout the flowering period. These observations were tallied to identify the number of single floral/EFN/mealybugs feeding incidences using 8x20 binocular amongst blossoming A. ausfeldii plants. Only a definite observation was recorded for flowers being probed or extrafloral nectar/mealybugs being accessed. The incidence of bird species foraging was recorded along with the relative incidence of individuals of each species probing food on or near inflorescences. These observations were performed weekly, along with bird surveys, on the dates when flowering phenology was being assessed (i.e. same dates as for the flowering phenology experiment, see section 2.6.).
2.9. Relative abundance of insect foragers
The relative abundance of Apis mellifera and Eristalis spp. was recorded over the same time periods as was achieved with bird observations.






Results
Fig. 3.1. Flowering Phenology of Acacia ausfeldii

The numbers on the horizontal axis refer to the following dates:
	1
	2
	3
	4
	5
	6

	23rd Aug
	3rd Sep
	9th Sep
	16th Sep
	26th Sep
	3rd Oct


Flowering commenced on the 3rd September and finished by the date of 26th September with peak flowering between 9th and 18th September (n=8 e.g. number of trees).
Fig.3.2. Results of the exclusion experiment comparing percentage pod of A. ausfeldii across three treatments (control, birds excluded and birds included

The graph reveals the percentage of inflorescences setting at least one pod for the following treatments:  control, bird exclusion and bird inclusion. 1. Comparing bird excluded versus bird included treatment:  Chi-Square analysis (, therefore, null hypothesis rejected. 2. Comparing bird excluded versus Control treatment:  Chi-Square analysis 
(, therefore, null hypothesis rejected. Alternative hypothesis of insects contributing significantly towards pollination supported.

Fig. 3.3. The percentage of inflorescences with at least five flowers removed for the bird excluded and bird included treatments on ten plants of A. ausfeldii.

The graph reveals the percentage of inflorescences with at least five flowers removed on branches where birds are either excluded or included for n=8 A. ausfeldii plants.  Chi-Square analysis (, therefore, null hypothesis rejected. 




Fig. 3.4. Comparison of the number of pods setting per inflorescence (only inflorescences setting at least one pod were recorded) between branches that have birds excluded versus those branches that do not exclude birds on A. ausfeldii.

For the two box plots the mean is showed as the symbol “x” with outliers above the whiskers. The meanstandard deviations for the inclusion (n=385 inflorescences) and exclusion treatments (n=192 inflorescences) were 1.830.21 and 1.350.69, respectively. An unpaired t-test was performed where t=-5.55 and one-tailed P-value was at P<0.05 with assumption of normal data distribution. Both plots were slightly skewed positively. 


Fig. 3.5. The number of flowers per inflorescence for five inflorescences sourced across five randomly selected trees of A. ausfeldii

The box-plot reveals an approximately symmetrical distribution of number of flowers/inflorescence (n=25) for A. ausfeldii. The meanstandard deviation was 26.002.94 flowers/inflorescence. Data labels shown to the right of the box-plot reveals the five-figure summary.


Table 3.1. Observations of birds, Fuscous honeyeater (Lichenostomus fuscus), and insects foraging amongst the blossoms and/or extrafloral nectaries/mealybugs of A. ausfeldii at the study site during 2025 flowering season.
1. The following bird species that have been recorded foraging on the blossoms of Acacia pycnantha (Nancarrow, 1994 and 2024) were present within the vicinity of the study site based on weekly bird surveys throughout the A. ausfeldii flowering period:  Fuscous honeyeater (Lichenostomus fuscus), Brown-headed honeyeater (Melithriptus brevirostris), Red wattlebird (Anthochaera carunculate), Silvereye (Zosterops lateralis), Buff-rumped thornbill (Acanthiza reguloides) and Yellow thornbill (Acanthiza nana). However, only Fuscous honeyeater (Lichenostomus fuscus) was ever observed to probe the blossoms of A. ausfeldii this season.
	[bookmark: _Hlk175652009]Date of observations
	Duration of observations
	Number of Fuscous honeyeater individuals observed probing at least one inflorescence
	Number of individual inflorescences observed to be probed by Fuscous honeyeater.
	Number of honeybees and hoverfly individuals observed to actively forage on flowers

	23rd August
	2 hours
	0
	0
	0

	3rd September
	3 hours
	0
	0
	0

	9th September
	1 hour, 30 minutes
	4
	19
	9

	16th September
	2.5 hours
	0
	0
	0

	26th September
	2 hours
	4
	13
	8

	Totals
	11 hours
	8
	32
	17



Notes:  Beetles were in abundance on the flowers of A. ausfeldii on the 23rd Aug. and 3rd September, but thereafter, their numbers became scarce (pers. obs.)  When flowering phenology was assessed weekly, there was not a single individual ant present on the study plants nor were there any mealybugs (Dysmicoccus acaciarum). Mealybugs were scarce in the study site during the 2025 flowering season.


Discussion	
	It was found from this research project that the predominant bird-pollination mode of Acacia ausfeldii was from Fuscous honeyeaters (Lichenostomus fuscus) pecking or removing individual flowers from inflorescences. There were several pieces of evidence to corroborate inflorescence probing as the predominant mode. First, birds significantly contributed to the number of inflorescences setting pods relative to insects (See Fig. 3.2). Second, birds contributed to a significantly greater proportion of inflorescences with flowers removed compared to the treatment that excluded birds, implying that birds were active in removing the flowers (see Fig.3.3.). It was often difficult to ascertain accurately from observation whether flowers were being removed to target arthropods such as beetles or caterpillars, or the flowers themselves were being sought for food.  It could be argued that loss of flowers due to birds might well lead to a reduction in the average number of pods setting per inflorescence. But this was not the case, because birds contributed to a significantly higher average number of pods setting per inflorescence than for the bird-exclusion treatment (see Fig.3.4). Not only do birds contribute to a higher proportion of inflorescences setting fruit, but they also led to a higher number of fruits being produced per inflorescence, therefore, enabling A. ausfeldii to set an even higher pod load.
	Acacia species tend not to display the typical floral features that attract birds for pollination (such as red flowers or sufficient floral nectar), but in the case of A. pycnantha and A.ausfeldii, a rather atypical mode of pollination was uncovered. It now seems quite possible this mode of pollination maybe more widespread in the Acacia genera. It was observed that A. ausfeldii’s flowering period occurred predominantly throughout September when the temperatures were cool and not supportive of insect activity (fig. 3.1.), and it was found Apis mellifera (the introduced honeybee) and Eristalis spp. (hoverfly) foraging activities were low (see table 3.1.). These insects are known to pollination Acacia genistifolia which flowers during the warmer months from Frebruary to May (Nancarrow, 1995). Birds such as honeyeaters are normally active during winter and early spring, which co-incides with the flowering periods of box-ironbark Eucalypts such as Eucalyptus melliodora, E. leucoxylon and E. sideroxylon (Kennedy and Tzaro, 2005; Nancarrow, 2024). 
	I propose that bird pollination amongst other acacias would be most likely under the following conditions. First, they would need to be winter or early-spring flowering for a significant proportion of their flowering phenology when insect activity is low. Second, inflorescences of these species would need to provide edible flowers for bird, and comprise a sufficient number of flowers per inflorescence (see Fig.3.5). Third, an ecosystem or favourable season that encourages honeyeaters, thornbills and silvereyes to forage in the environment during the winter and early-spring periods. Fourth, the absence of spines or other herbivorous/bird deterrent mechanisms or poisonous flowers.
	With respect to the second condition, it was found that A. ausfeldii comprised a mean  standard deviation of 26.002.94 flowers per inflorescence, which implies there were sufficient flowers available for pod set following flower removal by birds (see Fig.3.5). Flower removal tended to occur on only one side of the inflorescence. Fuscous honeyeaters in this site contributed to significant removal of flowers, but improved the number of pods setting per inflorescence relative to insects (see Fig.3.4). Thus, what would represent enough flowers on inflorescences to prevent pod set production resulting from flower removal? Further investigation into other acacias would be required to determine if there is a lower limit of flowers per inflorescence. A possible candidate to investigate would be Acacia myrtifolia, which flowers during winter but has only three flowers per inflorescence (Costermans, 1981). 
	In conclusion fuscous honeyeaters significantly contributed to the pollination of A. ausfeldii, which was found to flower predominantly in late winter and early spring. Ants were not present on A. ausfeldii plants (see table 3.1.), suggesting EFNs did not have a protective role to play. It was not entirely clear if EFNs contributed to pollination, but it appears unlikely given the small size of the gland (see Introduction) as well as an absence of observable nectar secretions (pers. obs). Mealybugs were not involved in attracting birds for pollination due to their absence throughout the 2025 flowering season. However, in 1994 mealybug infestations were common in this site and birds were seen to target this arthropod (Nancarrow, 1994). Thus, it would be important to monitor mealybug numbers across flowering seasons to assess if it is favourable towards effective pollination of A. ausfeldii or a potential harm to the health A. ausfeldii populations. Given A. ausfeldii is currently a threatened species such an assessment would help to aid conservation efforts towards sustaining future populations of this species. It is also highly recommended to investigate how widespread this mode of bird pollination (probing of flowers) is in the Acacia genera.
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Flowering phenology of Acacia ausfeldii 2025
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Total number of inflorescences in bloom per 8 study plants.




Percentage of inflorescences setting at least one pod on A. ausfeldii


Control	exclusion	inclusion	9.0180360721442889E-3	0.10922467458970006	0.20444915254237289	Exclusion experiment treatment



Percentage of inflorescences setting pods




Percentage of inflorescences with significant flower removal from the two treatments on A. ausfeldii


Birds excluded	Birds included	2.6960784313725492E-2	6.7148760330578511E-2	Two treatments for testing birds contribution to flower removal



Percentage of inflorescences with flowers removed 
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