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Public summary 
The overall aim of this project was to conduct a case study of the impact of an extreme event (major bushfire) on 
wild pollinator communities and the pollination services they provide to a focal horticultural crop (apple). 

Extreme events, such as bushfires and floods, are increasing in frequency with climate change, but little is known 
about impacts on crop pollination. In a previous project (PH15001), we studied apple pollination for 3 years in the 
Bilpin (NSW) region. The landscape was burnt extensively during the Black Summer (2019/20) bushfires, providing 
an opportunity to study how the event affected pollinators, landscape floral resources and crop pollination, using 
the same methods and sites as in PH15001. In addition, since honeybees are the main pollinators of apples in 
Australia, we tested a “mark and recapture” method to estimate the contribution of wild honeybees to orchard 
pollination, since wild honeybee populations are likely to decrease severely if Varroa spreads to this region, as now 
seems very likely. 

We aimed to survey landscape floral resources every 6-8 weeks throughout the year and conduct on-crop pollinator 
surveys and honeybee marking each crop flowering season (2020-2022). However, due to COVID travel restrictions 
(2021) and Varroa hive movement restrictions (2022), we only conducted marking in 2020, and on-crop surveys in 
2020 and 2022. In contrast, landscape floral resources surveys were only minimally impacted. 

Overall, we found substantial changes in the plant species providing floral resources to pollinators in the burnt 
landscape around the farms, but little change in the non-crop (mostly weedy species) plants on farms. We also saw 
a decrease in the number of flower visits by honey and stingless bees (some measures) and an increase in visits by 
flies (all measures). However, the total crop visitation by the two main pollinators (honey and stingless bees), which 
account for almost 90% of all visits, was within the range of what we saw across seasons before the fire event. A 
dramatic result in 2022 was an almost complete absence of stingless bees from apple flowers, but this is well 
explained by the unusually cool, wet weather under La Nina conditions. 

In our marking experiment, about 50% of honeybees visiting the crop were not from hives on the farm, so either 
from wild colonies or distant managed hives. Interestingly, we also recorded marked bees from one farm visiting 
the same crop on other farms up to 1.5 km away. This case study provides a fairly simple way to quantify the 
contribution of managed on-farm hives versus wild honeybees and has potential use in other cropping scenarios. It 
also suggests that if Varroa substantially reduces wild honeybee colonies, as now expected, Bilpin orchards may 
suffer considerable loss of important “free” pollination services from wild honeybees. Other regions and crops that 
rely significantly on pollination by wild honeybees will also face this challenge. 
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Introduction 
Extreme events such as bushfires, droughts and floods are important features of the Australian environment and 
predicted to increase in frequency with climate change (Dey et al. 2020; Nolan et al. 2020; Perkins-Kirkpatrick et al. 
2020). However, there has been very little research on how such events affect pollination services to horticulture, 
and none that we are aware of in Australia. In general, extreme events can cause major losses of both pollinating 
insects and floral resources (Erenier et al. 2020; Nicholson and Egan 2020), but these losses could be either short or 
long-term so research is needed to measure the extent and nature of losses and how quickly they can recover 
(Erenier et al. 2020). To address these issues rigorously, it is important to measure pollination services before an 
event occurs in order to quantify changes and potentially attribute them to the extreme event.  

This is rarely possible, because extreme events are unlikely to happen in the few sites where someone has been 
studying crop pollination services recently (Erenier et al. 2020). Such opportunities are therefore valuable case 
studies and one arose recently following major bushfires in the Bilpin apple-growing region (NSW), where we 
conducted apple pollination research for the three years preceding the bushfires (PH15001 ‘Healthy bee 
populations for sustainable pollination in horticulture’). 

The widespread devastation of the 2019/2020 “Black Summer” fire season is unprecedented but may be a 
harbinger of the “new normal” as climate change progresses (Nolan et al. 2020). The bushfires caused substantial 
losses to growers in several areas of Australia. In particular, apple orchards have been impacted in many areas, 
including Batlow, Bilpin, Adelaide Hills and Stanthorpe. In some cases, orchards have burnt with loss of many fruit-
bearing trees. In other cases, firefighters limited direct damage to the orchards, but surrounding bush areas have 
been severely burnt. This will have killed millions of wild pollinators, including wild honey bees and native bees 
(Erenier et al. 2020; Saunders et al. 2021).  

Pollination in orchards involves both managed honey bees and a variety of wild insects (Rader et al 2015). Although 
many growers rent honey bee hives, we do not know how much they contribute relative to the “incidental 
pollination” provided by wild insects (Rader et al 2015). While some wild insects may nest in orchards, most wild 
bees visit orchards from surrounding bushland, so despite little direct damage to orchards, burning of surrounding 
bush could have major effects on wild insect pollination services to them.   

Thanks to research carried out for PH15001, a unique opportunity arose to evaluate the impact of bushfires on 
pollination in apple orchards in Bilpin. This is because for the three years (2017-2019) before the extreme event, we 
made systematic surveys of: (1) insect pollinators visiting apple flowers on orchards, (2) other floral resources on 
orchards and in study plots in the surrounding bush, and (3) the pollinators visiting and using these non-crop floral 
resources throughout the year. Consequently, we conducted a follow-up “post-fire” project using the same 
methodology in the same sites to uncover both immediate changes and the extent to which the flora and wild 
pollinator populations change in the following seasons.  

Our previous work under PH15001 has emphasized how apple pollination in Australia relies heavily on honey bees 
(Tierney et al. 2023). In this context, it is important to understand how much wild honey bees (as opposed to on-
farm hives) contribute to crop pollination, since when Varroa invades a wild honeybee population >90% hives may 
perish. If bushfires have significantly reduced wild honey bee numbers around orchards, we may gain a good idea of 
their relative contribution to orchard pollination and therefore the level of threat posed by a Varroa invasion.  To 
further this are of investigation, we also planned to conduct an experiment in which all bees from on-farm hives 
were marked, allowing us to count relative numbers of hive and wild honey bees visiting the crop. 

Methodology 
This project builds on our research on crop pollinators and floral resources under PH15001. The unique opportunity 
is provided by having three years of field data from before the bushfires and thus the ability to obtain follow-on 
data from the same sites in Bilpin after bushfires ravaged the area in 2019/20. It is crucial to use the same methods 
to extend these datasets, allowing rigorous comparisons of the situation before and after the fires, so we continued 
to use the methodologies employed by Dr Amy Gilpin (floral resources) and Dr Simon Tierney (crop pollinators) in 
PH15001. A more detailed technical presentation of methods is provided in Appendices 1 (floral resources) and 2 
(crop pollinators). 

 



Vegetation around Bilpin orchards – satellite image analysis   
To evaluate the extent, fire severity and recovery of bushland after the 2019-2020 bushfire, we used remotely 
sensed satellite images (Sentinel-2). Fire extent and severity mapping was undertaken for all five study orchards in 
Bilpin. The Sentinel-2images were used to characterize and quantify vegetation loss and recovery in bushland 
surrounding orchards in the Bilpin region after the fires. From the satellite images we were able develop a satellite-
based greenness index to assess the vegetation condition at different time scales before and after the fire and thus 
monitor vegetation recovery following the fire event.   

Floral resources around Bilpin orchards – ground surveys  
To assess the diversity and abundance of co-flowering plants and their flower visitors within the orchard, we 
established nine 5×5 m quadrats in each of five orchards in Bilpin for PH15001. To complement this, nine 10×10 m 
quadrats were established and monitored in the surrounding bushland. During each survey, plants in flower were 
identified to species level and the percentage cover of flowering species within each quadrat estimated. Within 
each quadrat, surveys of insect visitation to all flowering plants were conducted in 5- minute observation periods, 
twice per sampling day, between 0800 and 1159 and again between 1200 and 1600. Surveys within each quadrat 
were conducted approximately every 6-8 weeks starting in September 2017 (PH15001) and continuing till 2023 
under this project.  

Crop pollinators and pollination services in Bilpin orchards – crop surveys  
To assess the diversity and abundance of insects visiting the apple crop flowers, we conducted systematic surveys 
continuing the methodology of PH15001. We undertook 4 x 15 minutes observational surveys of insects visiting 
apple flowers on each survey day.  These surveys focused on 15-trees per orchard row (x 2-rows: once in the 
morning, once in the afternoon) for Pink Lady apples on a single day. We aimed for four complete surveys at each of 
the five previously established apple orchards in Bilpin during spring bloom – i.e. two-surveys during king-bloom 
and two-surveys during full-bloom. In addition, on each day that an insect visitation survey was undertaken, we also 
did a crop phenology survey of 5-trees per row (the same 2-rows as for insect survey; 4-branches per tree). During 
each phenology survey the number of buds, open flowers and dehisced flowers were counted for the 4 study 
branches. These surveys provide a coarse metric of crop floral abundance and timing of the flowering season 
(king/peak bloom) during the insect survey.  

Managed versus wild Honey bee abundance in orchards – marking experiment 
To better understand pollination services by honeybees at the farm scale, we estimated the proportion of visits to 
crop flowers by honey bees from on-farm hives versus those from elsewhere (probably mostly wild bees). Marking 
blocks were fitted to the entrances of hives and filled with fluorescent paint powder following methods previously 
developed at WSU (Howpage et al. 1998). Foragers leaving the hive pass through the marking block and are dusted 
with paint that is identifiable by observers from metres away. This method allowed us to survey honeybees on the 
crop flowers and record each bee as either an on-farm hive bee (marked) or an off-farm, probably wild, bee 
(unmarked). There is a caveat that some unmarked bees may come from other managed hives on other properties, 
but the method still separates bees from on-farm hives from all others to all allow growers to see the contribution 
of managed bees from hives that they are renting. 

Assessing the likely impacts of Varroa mite establishment on pollination 
At the start of this project, Australia was the only major landmass with honey bees, but without their destructive 
enemy, the Varroa mite. However, by late 2023 it was accepted that Varroa was established in NSW and that 
eradication was no longer a realistic option. Varroa is particularly destructive to wild honey bee populations, which 
may decrease by >90%, reducing the “free” pollination services they provide to many horticultural industries in 
Australia (Cunningham et al. 2002). In addition, when Varroa mite reached New Zealand in 2000, the increase in 
hive mortality and in costs to manage the pest led to a rapid 50% decrease in the number of registered beekeepers 
(Iwasaki et al. 2015). The impact of Varroa mite establishment on Australian horticulture will depend on several 
factors, including: 

a) What percentage of wild and managed honey bee hives are lost to Varroa mite 

b) How large a role honey bees play in the pollination of a given crop 



c) To what extent the loss of honey bees can be mitigated by actions of other pollinators

We can make informed guesses about a) based on the experience of other countries, but while the data are 
reasonable for managed hives the numbers are far less clear for wild colonies. Meanwhile, b) and c) are questions 
that we can already answer well for a few important cases, e.g. for almonds, honey bees are crucial and there is no 
viable alternative. However, for most crop x region combinations b) and c) are not well known (Rader et al. 2015).
We had scope to make a case study of the likely impact of Varroa mite on apple pollination in Bilpin, using results 
from this project combined with our earlier results from PH15001.

Results and discussion 
Vegetation around Bilpin orchards – satellite image analysis  
Satellite images (Figure 1) show major changes to the vegetation in the Bilpin region before the fire (Figure 1 A) 
compared to one month after the fire event (Figure 1 B).  Post-fire images show that there has been considerable 
vegetation recovery, but the effects of the fire on vegetation is still evident 2 years after the event (Figure 1 D).  

Figure 1. Time series of satellite images as a false colour composite showing vegetation condition before the fire event in 
November 2019 (A), one month after the fire event in January 2020 (B), 13 months after the fire event in January 2021 (C), 
and two years after the fire event in December 2021 (D). Green represents healthy vegetation and the purple represents fire 
damaged or less healthy\vegetated vegetation. The darker the purple the worse condition of the vegetation. 



Further analysis of the time series of images (Appendix 1) showed that the vegetation surrounding the three 
orchards with lower severity fire damage recovered to approximately the pre-fire state about 9 months after the 
fire event. However, the vegetation around the two orchards with more severe fire damage was still below its pre-
fire condition 9 months after the fire event. While the index (NDVI) calculated from these satellite images is a good 
indication of the greenness of vegetation and vegetation recovery, it does not necessarily indicate the ability of 
vegetation to flower and provide resources for pollinators, making the on-ground surveys a crucial component of 
assessing floral resource changes. 

Floral resources and pollinators around Bilpin orchards – ground surveys  
Following the fires, the return of flowering within plots in the fire-affected surrounding bushland started in July 
2021 (7 months post fire) in 2 orchards and in August 2021 in the other three.  This flowering was limited and 
consisted initially of only a few native species - Caladenia picta (orchid), Drosera peltata (shield sundew), Lobelia 
dentata and Pimelea linearifolia (slender rice flower). Apart from the orchid, these plants were visited by a range of 
different insects – P. linearifolia by honeybees, beetles, hoverflies and another fly, and L. dentata and D. peltata 
both by flies.   

Overall, we observed 36 plants in flower in our bushland plots in the 3 years before the fire and 19 of these have 
not been recorded in flower since the fire. Since the fire, a considerably larger number (52 species), have been 
observed in flower and 35 of these had not been recorded in flower before the fire. Overall, 17 plant species were 
observed flowering both before and after the fire (Figure 3). These plant species attracted a wide range of flower 
visitors (Appendix 1) but the insect species observed differed considerably before and after the fires, and the 
difference was larger for the two farms surrounded by the most severely burnt bushland.  

In the bushland plots, 14 flower-visiting insects were sufficiently common for numbers to be compared statistically 
before and after the fires. Interestingly, both hoverflies (Syrphidae) and other flies increased in number following 
the fires.  

We also analyzed data on flower-visiting insects on non-crop plants (mostly weedy species) within the orchards. 
Here, the pre- v. post-fire differences were less marked and about 50% of flower visitor species were observed both 
before and after the fires. 15 insect taxa were observed in sufficient numbers for statistical comparison and both 
honey bees and stingless bees (the two main visitors to apple flowers) decreased in numbers after the fire. 



 

Figure 3. List of all plant species in flower and the percentage flowering observed within the surrounding vegetation matrix 
(all orchards combined) quadrats, before (blue; Sep 2017-Sep 2019) and after (red; Feb 2020- Dec 2021) fire. X-axis values 
show relative flowering abundance of each species calculated as the sum of % flowering values at quadrat level for each of 
the flowering species all orchards combined.   

 
 
 
 



Crop pollinators and pollination services in Bilpin orchards – crop surveys 
We undertook post-fire pollinator surveys in 2020 and 2022; but were precluded from doing so in 2021 by NSW 
Health COVID travel restrictions. We recorded over 21,000 insect visits to apple flowers in 2020 (n = 600 tree 
surveys) and 2022 (n = 520 tree surveys) respectively. As in pre-fire years, honeybees and stingless bees made up 
the large majority (typically around 90%) of apple flower visitors in the post-fire surveys (Figure 3). In the first post-
fire flowering season (2020), honey bee and stingless bee numbers were within the range of visitation rates seen 
before the fires. However, in 2022, honeybee numbers were lower, and stingless bee numbers massively lower, 
than in all previous years (Figure 3).

Figure 3. Abundance of the most common insect groups to visit apple flowers pre- and post-bushfire. Mean values with 95% confident 
intervals for honey bees (Apis), stingless bees (Tetragonula), allodapine bees (Exoneura) and hover flies (Syrphids).

Although tempting to attribute this decline to the influence of bushfires, it is almost certainly due to another extreme 
event – the weather (Figure 4). Spring 2022 marked the beginning of a third consecutive La Niña ENSO event for this 
region and temperatures during the 30-day Pink Lady cv. apple flowering period were unusually cool (only four days 
of above 20ºC). Our previous research for PH15001 shows that native bee visits to apple flowers in Bilpin are very 
limited below 22ºC, a temperature never exceeded during our 2022 surveys. 



Figure 4. Mean ambient temperatures ( C 95% confidence intervals) recorded during apple bloom in Bilpin orchards 2017-22.

The unusually low temperatures during 2022 surveys (Figure 4) were likely the main cause of low visitation by all 
bees and especially stingless bees. This precludes firm conclusions about the recovery of native bee and wild honey 
bee populations post bushfire, but agrees with our previous findings that temperature is critical for native bee 
visitation to apple crops in NSW (Tierney et al. 2023).

Managed versus wild Honey bee abundance in orchards – marking experiment
Our mark-recapture experiment was successfully carried out in 2020 but was precluded by: (a) COVID travel 
restrictions in 2021; and (b) NSW DPI restrictions on honey bee hive movements in 2022 due to the Varroa mite 
incursion (Chapman et al. 2023). We undertook mark-recapture experiments across a time series (TS) of 10 days 
between mid-September and early October 2020, replicated in the morning and afternoon for a total of 20 surveys 
on an orchard that mainly produces apple, and to a lesser extent, pear and stone fruit.  

Figure 5. Mark-Recapture experiment. Managed honey bees marked with red and green powdered-paint foraging on apple flowers at 
Shields Orchard, Bilpin NSW. Photo credit - James Cook.

The marking approach was a success (Figure 5) and, across the 20 surveys, we found very similar numbers of 
resident bees (WSU hives with marking blocks) and non-resident bees (feral colonies and/or unknown managed 
hives). Indeed, there were only two surveys (7 & 8) when these averages were significantly different, suggesting 
that approximately half of this orchard’s honey bee pollination services were “free” ones coming from non-resident 
bees.  We also know from chance observations that our WSU marked bees were foraging on other study orchards in 



Bilpin, up to 2 km away, which is interesting both in terms of bee behaviour and the potential for cross-pollination 
between nearby orchards.

Figure 5. Crop flower visitation by resident honey bees from on-farm WSU hives (blue) versus non-resident honey bees (red) 

Assessing the likely impacts of Varroa mite establishment on pollination
At the start of this project, Australia was the only major landmass with honey bees, but without their destructive 
enemy, the Varroa mite. However, by late 2023 it was accepted that Varroa was established in NSW and that 
eradication was no longer a realistic option. Our research for PH15001 established that, while some native solitary 
bees are excellent apple pollinators at an individual level (Bernauer et al. 2022, 2023), their generally low visitation 
rates to the crop mean that apple pollination in Australia is heavily reliant on honeybees (Tierney et al. 2023). In 
Bilpin, wild colonies of native stingless bees can also be important on days where temperatures exceed 220C, when 
they can outnumber honey bees. However, stingless bees do not occur in the other major apple regions of 
Australia, where the reliance on honey bees is even greater (Tierney et al. 2023, Brown et al. 2021).

Our marking experiment in Bilpin suggests that around 50% honey bee visits to apple flowers are from wild bees (or 
distant managed hives). If Varroa spreads to this region as now expected and decimates wild honey bee 
populations, at least in the short-term, then honey bee pollination services to apple could decrease to about half of 
the current level. There are some caveats to this estimate. First, it would be good to repeat the marking studies 
across more farms and seasons for a better estimate of the average contribution of non-resident honey bees. 
Second, it is difficult to know how quickly and how much Varroa will depress wild honeybee populations, although 
most experts believe that wild populations will be severely impacted based on what has happened in other 
countries (e.g. Iwasaki et al. 2015). Nevertheless, we appear to have evidence for a strong reliance on free apple 
pollination services from wild honey bees and therefore a high vulnerability to loss of pollination services as Varroa 
spreads.  It is unfortunate that we were unable to replicate the experiment due to COVID and Varroa travel 
restrictions, but this research sets the foundation for a high impact scientific publication and provides valuable 
comparative data to our standard surveys of insect visitation, pre- and post-bushfire events.  The outcomes should 
be of considerable interest to fruit growers and apiarists.



Outputs 
Outputs are summarised below with reference to examples in the appendices. 

Output Description Detail 

Floral resource and 
pollinator survey 
results and 
recommendations 

Results of year-round 
floral resource and 
pollinator surveys at 6-8 
week intervals – info for 
growers and researchers 

Results communicated in this milestone report and factsheets 
for growers (Appendix 4) 

Results to be communicated in a subsequent scientific journal 
article for researchers, currently detailed in Appendix 2 

Results of satellite 
image analysis of 
vegetation changes  

Results of collation and 
analysis of satellite 
images to monitor 
broader vegetation 
changes in cropping 
landscape intervals – info 
for growers and 
researchers 

Results communicated in this milestone report and factsheets 
for growers (Appendix 4) 

Results to be communicated in a subsequent scientific journal 
article for researchers, currently detailed in Appendix 2 

Results and 
recommendations of 
crop pollinator surveys  

Detailed on crop 
pollinator surveys during 
crop flowering period – 
info for growers and 
researchers 

Results communicated in this milestone report and factsheets 
for growers (Appendix 4) 

Results to be communicated in a subsequent scientific journal 
article for researchers, currently detailed in Appendix 1  

Results and 
recommendations from 
honeybee marking 
experiments  

Results and 
recommendations from 
on-crop honeybee 
marking experiments 
during the crop flowering 
season – info for growers 
and researchers 

Results communicated in this milestone report and factsheets 
for growers (Appendix 4) 

Results to be communicated in a subsequent scientific journal 
article for researchers, currently detailed in Appendix 1 

Evaluation of bushfire 
effects on pollination 
services 

Evaluation of bushfire 
and Varroa threats for 
for growers  

Evaluation communicated in this milestone report and 
factsheets for growers (Appendix 4) 

 

Grower education and 
extension through on-
going workshops, 
training, online 
information and 
publications 

See detailed list of 
engagement / extension 
activities for 
stakeholders in Appendix 
4  

See detailed list of engagement / extension activities for 
stakeholders in Appendix 4 

Final report to Hort 
Innovation  

A final report to Hort 
Innovation detailing and 
discussing all findings 
and any 
recommendations 
forgrowers 

This report  

 
 

 



Outcomes 
 

Outcome  Alignment to fund 
outcome, strategy and KPI 

Description  Evidence  

< List the outcome (e.g. 
knowledge, awareness, 
practice change, 
commercialisation, 
availability of new 
knowledge for next phase 
project) > 

< Align to the relevant 
Fund outcome, strategy 
and KPI > 

< Describe and define the 
outcome in terms of how it 
was realised by the target 
stakeholder group(s). 
Explain how the outcome 
is relevant at the Fund 
level > 

< What forms of evidence 
were collected to identify 
and understand the 
outcome (e.g. survey, 
observation, feedback) > 

Intermediate outcome: 
New knowledge on the 
impacts of bushfires on 
floral resources, wild 
pollinators, and pollination 
services to apples crops 

 

 
2.2. Develop adaptive 
and tailored strategies 
to meet pollination 
requirements  

2.4. Understand 
environmental and 
climatic barriers to 
effective pollination  

 

Research carried out has 
shown how a major 
bushfire impacted floral 
resources, pollinator 
communities and crop 
pollination services 

 Satellite images have 
been obtained and 
analysed (summary in 
milestone 103) 

 Floral resource surveys 
have been conducted 6-
8 weekly  

  Pollinator crop 
visitation data collected 
in Y1 and Y3 post-fire. 
Y2 prevented by COVID 
restrictions 

Intermediate outcome: 
Assessment of how 
extreme events may 
impact wild honeybee 
populations and the 
services they provide 

1.1. Future-proof 
against endemic and 
exotic pests and 
diseases 
 

2.1. Understand current 
and future pollination 
requirements 

Research carried out has 
demonstrated major 
role for wild honeybees, 
which is now under 
threat from spread of 
Varroa 

 Honeybee marking 
experiments carried out 
successfully in 2020, but 
not in 2021 (COVID 
lockdown) or 2022 
(Varroa restrictions)  

 Honeybee abundance 
data were also obtained 
from the on-crop 
pollinator surveys in 
2020 and 2022. 

End-of-project outcomes: 
Has this research increased 
knowledge on how 
extreme events like 
bushfires affect crop 
pollination services? 

1.1. Future-proof 
against endemic and 
exotic pests and 
diseases 

2.1. Understand current 
and future pollination 
requirements 

2.2. Develop adaptive 
and tailored strategies 
to meet pollination 
requirements  

2.4. Understand 
environmental and 
climatic barriers to 

Yes, as documented in 
this report and its 
appendices 

 

 New knowledge 
documented in this 
report and Appendix 1 
and 2 



effective pollination  

End-of-project outcomes: 
Translating research 
findings for Hort. growers 
through workshop / 
training and monitoring 
uptake of research / 
benefit 

1.1. Future-proof 
against endemic and 
exotic pests and 
diseases 

2.1. Understand current 
and future pollination 
requirements 

2.2. Develop adaptive 
and tailored strategies 
to meet pollination 
requirements  

2.4. Understand 
environmental and 
climatic barriers to 
effective pollination  

Yes, as documented in 
the list of extension 
activities (Appendix 3) 
and illustrated in the 
compilation of 
extension materials 
(Appendix 4) 

 

 List of extension 
activities (Appendix 3) 

 Compilation of 
extension materials 
(Appendix 4) 

 

Monitoring and evaluation 
 

Key Evaluation Question Project performance Continuous improvement 
opportunities 

Has the project developed new 
knowledge that has been made 
available for industry uptake?  
 

The research results reported in this 
report and in more detail in 
Appendix 1 and 2 describe valuable 
new knowledge. This is available via 
this report and extension and 
communication activities (Appendix 
3). 

Further studies in other cropping 
situations of the role of wild 
honeybees ahead of major spread of 
Varroa mite, followed by studies 
post-spread 

Has the project generated 
information to guide the needs of 
horticultural growers? 
 
Have the implications for 
management practices been 
communicated to the relevant 
horticultural growers?  
 

The recommendations listed in this 
report can guide needs of growers. 

 

They are communicated in this 
report and in fact sheets Appendix 
4), as well as in grower articles, 
interviews, and other extension 
activities (Appendix 3). 

Further communication of results of 
growers especially at grower events, 
including about the new threat to 
pollination services from Varroa 

  

Have regular project updates been 
provided? 
 
 
 
 
How accessible were extension 
events to industry levy payers?  
 

Regular project updates have been 
provided with the milestone reports 
throughout the project, and through 
extension activities (Appendix 3). 

Face to face extension events have 
focused mainly on APAL and DPI 
grower events, which are popular 
with growers. 

Hort Innovation could run a podcast 
with a quarterly update on ongoing 
pollination projects 

How has the project adapted to 
maximise research benefits?  

The project faced significant 
challenges due to COVID and Varroa 

 



 
 
 
 
 
What influence is this research 
having on levy-payer productivity 
and profitability?  

travel restrictions, but this has made 
our interpretation of results in the 
context of Varroa spread valuable. 

It is too early to say but good 
management of orchard floral 
resources and honeybees is now 
more important than at the start of 
the project due to the spread of 
Varroa. 

 

Recommendations 
 Practical application of the project findings 

o Honeybees (managed and wild) are clearly the main pollinators of apples in most Australian apple 
growing regions, so activities to support their populations should benefit apple pollination services. 

o The spread of Varroa is likely to dramatically decrease wild population of honeybees in the next 
few years, so where wild honeybees make an important contribution to crop pollination, there may 
be more need for managed hives. 

o Patterns of pollinator activity are highly dependent on weather and especially temperature. In 
particular, while native bees can be quite numerous at higher temperatures, below about 20C 
honeybees are the only numerous apple flower visitors. 

o Several native bees are good apple pollinators but they are rarely sufficiently numerous to offer an 
alternative to honeybees. Stingless bees In the Bilpin region and reed bees (Exoneura) in the Yarra 
Valley are exceptions and activities (floral plantings for both, nests sites for reed bees) to support 
these may benefit pollination of apple (and e.g. cherry) crops. 

o Following a major bushfire close to orchards, there was no flowering within plots in the fire-
affected bushland areas until at least seven months after the fire and, even then, there were few 
species in flower. Therefore, it may be important to boost no-crop floral resources on farms 
following bushfire events to attract and support both wild pollinators and managed hives.    

 Possibilities of future RD&E that directly flow from the work undertaken and its results 

o Our approach to estimating the relative contributions to crop pollination of honeybees from on-
farm hives and those from elsewhere (wild bees or distant managed hives) was successful and 
showed that about 50% bees on the crop were from elsewhere (probably mostly wild). This 
approach could be widely applicable for researchers wanting a better understanding of the role of 
wild honeybees in pollinating the crop in a given situation. 

o If implemented soon to get baseline data, this approach may also allow estimation of the loss of 
pollination services caused by the spread of varroa over the next few years 

 Development and adoption activities that would ensure full value from the project’s findings for industry 

o Our approach to estimating the relative contributions to crop pollination of honeybees from on-
farm hives and those from elsewhere could be widely applicable for growers wanting a better 
understanding of who is pollinating their crop and the value of rented hives in terms of pollination 
contribution. 

  



Refereed scientific publications 
This project PH20002 continues a line of work from the previous project PH15001, using the same methods, 
following an extreme bushfire event. Due to the lengthy process of publishing in scientific journals, some key papers 
from PH20002 have been published during the timeline of PH20002 and are listed below. These are highly relevant 
to PH20002 since they describe the situation at the study orchards for three years before the fire event. Subsequent 
“post-fire” publications are in preparation but not yet published, while Chapman et al. (2023) is a mini-review of the 
threats and opportunities posed by the 2023 Varroa invasion in Australia. 

Journal articles 
Chapman, N. C., Colin, T., Cook, J., da Silva, C. R. B., Gloag, R., Hogendoorn, K., Howard, S. R., Remnant, E. J., Roberts, J. M. 
K., Tierney, S. M., Wilson, R. S., & Mikheyev, A. S. (2023). The final frontier: ecological and evolutionary dynamics of a 
global parasite invasion. Biology Letters, 19(5), 20220589. https://doi.org/10.1098/rsbl.2022.0589 
 
Bernauer, O. M., Cook, J. M., & Tierney, S. M. (2022). Division of foraging behaviour: Assessments of pollinator traits when 
visiting a model plant species. Animal Behaviour. https://www.sciencedirect.com/science/article/pii/S0003347222000896 
 
Bernauer, O. M., Tierney, S. M., & Cook, J. M. (2022). Efficiency and effectiveness of native bees and honey bees as 
pollinators of apples in New South Wales orchards. Agriculture, Ecosystems & Environment. 
https://www.sciencedirect.com/science/article/pii/S0167880922002122 
 
Gilpin, A. M., O’Brien, C., Kobel, C., & Brettell, L. E. (2022). Co-flowering plants support diverse pollinator populations and 
facilitate pollinator visitation to sweet cherry crops. Basic and Applied Ecology. 
https://www.sciencedirect.com/science/article/pii/S1439179122000445 
 
Gilpin, A.-M., Brettell, L. E., Cook, J. M., & Power, S. A. (2022). The use of trap-nests to support crop pollinators in 
agricultural areas. Ecological Research, 37(6), 768–779. https://doi.org/10.1111/1440-1703.12348 
 
Gilpin, A.-M., Kobel, C., Brettell, L. E., O’Brien, C., Cook, J. M., & Power, S. A. (2022). Co-flowering species richness 
increases pollinator visitation to apple flowers. Collection FAO: Agriculture, 12(8), 1246. 
https://doi.org/10.3390/agriculture12081246 
  
Tierney, S. M., Bernauer, O. M., King, L., Spooner-Hart, R., & Cook, J. M. (2023). Bee pollination services and the burden of 
biogeography. Proceedings. Biological Sciences / The Royal Society, 290(2000), 20230747. 
https://doi.org/10.1098/rspb.2023.0747 
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Powerful pollinators
Encouraging insect pollinators in farm landscapes

Bilpin, Blue Mountains: NSW

Pollinators are an essential component 

of agricultural production and of healthy, 

biodiverse landscapes. Protecting and 

enhancing pollinator resources on farms will 

help support a diverse range of pollinators. 

This brochure provides an introduction to 

encouraging insect pollinators on farms, 

including a guide to choosing plants that will 

support diverse pollinators throughout the year.



Pollinators – mostly insects, but also birds

and mammals – assist the formation of 

seeds and fruit in many plant species 

by visiting flowers in search of food 

(nectar and/or pollen). Whilst foraging 

they transfer pollen from one flower to 

another, facilitating fertilization, which 

results in fruits and seeds.

Honey bees, native bees and other 

native insects like hoverflies, wasps 

and butterflies provide essential 

pollination services for native plants, 

garden flowers, fruits and vegetables.

Pollinators and food security

Without insect pollinators, the quantity 

and diversity of food and flowers 

grown in backyard gardens would be 

severely restricted. Many of the foods 

we eat, from gardens and farms, 

benefit from pollination.

Pollinator-dependent foods include 

citrus, apples, stone-fruits, zucchini, 

pumpkins, strawberries and tomatoes, 

as well as plants grown for seed such 

as sunflowers, coriander and parsley.

The quantity and diversity of insect 

pollinators are key drivers of production 

as they influence both food yields and 

quality.  Under-pollination results in 

smaller and misshapen fruit or seed 

that isn’t viable to grow.

A diverse and healthy community of 

pollinators generally provides more 

effective and consistent pollination 

than relying on any single species.

Pollinators are essential to, and 

dependent upon, healthy ecosystems. 

A growing human population and 

increasing demand for food puts 

pressure on ecosystems, with potential 

negative impacts on biodiversity, the 

environment and food production.

Insect populations are in decline 

worldwide due to land clearing, 

intensive or monocultural 

agriculture, pesticide use, 

pollution, colony disease, 

increased urbanisation and 

climate change. Low pollinator 

numbers mean not all flowers 

are pollinated, leading to low 

fruit or seed set. This in turn 

reduces fruit and vegetable 

harvest yields, and decreases 

food supply.

Backyard biodiversity

Insect pollinators are a prime example 

of the importance of healthy ecosystems

in urban gardens, parks and reserves. 

Insects are the ‘canaries in the coal mine’

of our urban and rural environments. 

Without our ‘littlest creatures’, we lack 

pollinators, natural beneficial pest 

control services, and critical food source 

for other insects, birds, amphibians, 

reptiles and mammals.

The presence of connected and 

widespread pollinator habitat is critical 

to support insect populations if we 

are to maintain sustainable cities and 

productive, healthy gardens and urban 

farms for food security and biodiversity.

Pollinators require habitat that contains 

year-round food sources, breeding 

resources and nesting sites. The presence

of pollinator habitat adjacent to food 

crops has been shown to improve 

food production by enabling a greater 

variety and number of pollinators 

to persist year-round, providing 

pollination services when required.

Turn to the centre of this brochure for 

a guide to planting for pollinators.

The power of 
pollinators

Under-pollination results in smaller, 

misshapen fruit such as this strawberry.

Native vegetation supports pollinators by providing food and nesting sites. Nearby crops and 

pastures will benefit from the increased abundance and diversity of pollinators in the landscape.

Diapause or diet? 

Where are the insects?

Many insect pollinators undergo a 

diapause during colder winter months. 

Diapause is a period of suspended 

development during unfavourable 

environmental conditions, and during 

this period insect pollinators do not need 

flowers. Birds and other small mammals 

will continue to benefit from available 

pollen and nectar during this time.

If there are low numbers of insect 

pollinators in your local area, it is 

important to determine whether this is 

because of diapause, or because of an 

inadequate availability of nectar and 

pollen creating a ‘food desert’ where 

insect pollinators cannot survive.

There are still many unknowns about 

insect pollinators in Australia. Take part 

in Australian Pollinator Week or in the 

bi-annual Wild Pollinator Count to learn 

more about pollinators in your area — 

visit AustralianPollinatorWeek.org.au

and WildPollinatorCount.com
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Encouraging pollinators in your garden

Create pollination reservoirs

Pollination reservoirs are areas that 

provide floral resources for pollinators. 

They can be gardens, new planting 

or existing habitat such as established 

trees, or even local bushland, parks 

or reserves. A high diversity of plant 

species is essential to provide nectar, 

pollen and nesting sites throughout  

the year. Pollination reservoirs need  

to be close enough to where pollinators 

live to ensure that they can fly easily  

to them.

Improve on what you have

Enhance and improve your existing 

pollinator habitat where possible. 

Gardens that already contain 

established trees, rockeries, ponds,  

bare soil and organic matter, and  

a variety of flowering plants, are  

a valuable resource for beneficial 

insects and pollinators.

Nature-strips, verges, laneways, 

vegetable gardens, orchards, nature 

reserves, and riverbanks and creeks  

can all be important pollinator-attracting  

areas. Protect and enhance native 

pollinator plants in your garden and 

surrounds for the future.

Plant trees, shrubs and groundcovers

Planting a variety of species of 

groundcovers, shrubs and trees to 

in your garden will further attract 

pollinators to your patch. Initial 

watering and protection will improve 

the success rate of young plants.  

Some species such as wildflowers 

or native pea species are excellent 

pollinator attractors and reward  

careful attention by keen gardeners.

Construct insect real estate

Insect hotels, which are both functional 

and attractive, are a great way to 

add to habitat and nesting places for 

pollinators and insects in your backyard 

or garden. The hotels are easily moved 

to be close to flowering plants and 

those needing pollination, especially 

if you have a new garden that is still 

growing. Include lots of different  

sized holes, cracks and crevices to 

provide homes for various solitary 

insect pollinators.

Plant for the future

When establishing pollinator habitat, 

consider including species that are 

indigenous to your area but can 

tolerate increasingly drier and warmer 

conditions, to create resilient habitat 

for climate change. Rehabilitate 

weedy areas into managed pollination 

reservoirs by introducing lots of 

flowering plant diversity. Be careful  

not to plant invasive or listed weeds, 

and look for suitable replacements.

Amplify the flower signal

Plants have evolved large flowers or 

clusters of smaller flowers because 

they attract more pollinator visits. 

Large, colourful and diverse plantings 

attract more pollinators. Ideally, plant in 

groups that contain different vegetation 

layers — combine a species-rich mixture 

of wildflowers, ground-covers, herbs, 

lilies, rushes, climbers, shrubs and trees.

Connectivity counts

Insect pollinators benefit from greater 

connectivity of habitat in a landscape, 

which allows them to forage over a 

wider radius and increase in numbers 

in a local area.  Encourage friends and 

neighbours to plant for pollinators and 

create connections in your community.

Get to know your local flora

Your local government area has distinct 

populations of insects, depending 

on the local flora and environment. 

Knowing your local insect species will 

help you develop better plantings. 

The plants growing in nearby nature 

reserves or bushland will be suited 

to your climate and soils. Local 

environment groups and specialist 

native nurseries can provide 

information about local plants.

Grow a bumper crop 

Pollinator-attracting plants include 

many fruits and vegetables grown  

in backyards, community and market 

gardens, and orchards. Pollinators 

ensure good yields of crops such as 

apples, beans, avocado, and almonds, 

and bush foods such as lilly-pilly and 

yam daisy.

Reduce chemical use

Insecticides, fungicides and herbicides 

all affect bee, colony and wild pollinator  

health. Herbicides can impact pollinators  

by reducing the availability and diversity 

of flora and removing vegetation that 

helps support insect life. Some herbicides 

can also harm the beneficial bacteria 

in the insect gut. Insecticides are an 

obvious threat to pollinators, yet many 

pollinators will, in healthy numbers, help 

control pest insects, ultimately reducing 

the need for insecticide use.

Many crops are dependent on pollination 

by bees. When chemical pest control is 

unavoidable, select products that are 

least harmful for pollinators and apply 

insecticides in the evening or at night 

when pollinators are not active.  

Always use according to directions, 

especially for withholding periods, and 

notify beekeepers a few days before 

spraying chemicals so beehives can be 

safely relocated away from harm.

Safeguard the bees? The best way to ‘save the bees’ and protect our pollinators is to create 

an abundance of diverse habitat — from the ground up! There is much interest in keeping a 

bee hive to promote pollinators, but there are serious legal and biosecurity responsibilities that 

must be considered, and that the introduction of a bee hive does not displace existing native 

pollinators and insects. Be a friend of pollinators and say it with flowers!

Be a citizen scientist and do some 

detective work to discover local 

pollinators in your patch. Visit 

inaturalist.ala.org.au to be involved.
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Flower forms

Pollinator 
rewards

Generalist flowers can be

pollinated by many different insects 

and animals. They are typically

saucer shaped with many stamens

and have a surface that insects can

walk on. Eucalyptus flowers ands

daisy flowers are generalist flowers 

— they can be pollinated by bees,

flies, beetles and butterflies.

Specialist flowers have

modifications to their shape and

size that only let certain pollinators 

access the nectar and pollen.

These flowers might have deep

flower tubes or narrow entry 

points so that only a select group

of pollinators can access them. 

The advantage of specialisation 

is that pollination is very targeted 

and efficient, with accurate pollen

placement made possible by

co-evolution between flowers and

insects. The disadvantage is that

if the correct pollinator isn’t there, 

the flowers aren’t pollinated. Often,

nectar is produced at the base of 

the flower, forcing pollinators to

enter the flower fully and in the 

process, become covered in pollen.

©© M© Me© © rediediedidiittth th Ch Ch Ct  osgoosgosgosgrgrgross ove

© Me© MMee© erediredirediiredith Cth CCh Cth Cth CCth Cosgsgrggrgro oveoveo

Nectar is a sugary solution, rich

in carbohydrates, vitamins and

minerals, produced by flowers and

sometimes by glands on leaves or 

stems (called extra-floral nectaries).

Nectar is attractive to insects, 

and provides an immediate energy

source needed for tasks such as 

hunting pest insects, laying eggs

in decomposing organic matter,

collecting pollen, or parasitising

other insects.

Carbohydrates alone don’t support 

everything needed for health and 

growth, so insects also need pollen.

Pollen is rich in protein, fats and 

nutrients. Bees are vegetarian,

and need to collect pollen to feed

their offspring.

Hoverflies are a type of fly, distinguishable by their large eyes, 

short antennae, bright black and yellow abdomen and their 

hovering flight behaviour. Adult hoverflies are nectar and pollen 

feeders. Hoverfly larvae feed on pests such as aphids, thrips and

leafhoppers and are useful biocontrol agents.

Know your pollinators

Fly species number up to 30,000 in Australia, and can be identified
by having only one pair of flight wings. A second set of wings
are modified into club-shaped paddles that allow flies to hover 
and stabilise their flight. Unlike bees and wasps, they have very
small, clubbed antennae at the front of their head. Flies, including 
blowflies, are often attracted to flowers that smell like carrion;
they generally have hairy bodies that easily collect pollen while
they are feeding. Flies provide a range of services in the garden,
including pollination, decomposition and predation.

Beetles have hard outer wings that form their distinctive beetle

shape. Their outer wings form a T-shape where they join at the 

top, unlike bugs where the outer wings make an X- or Y-shape.

Beetles feed on nectar and pollen, usually by crawling over flower 

surfaces. There are around 30,000 species of beetles in Australia, 

with many yet to be formally described.

Butterflies have wings covered in tiny scales. They have clubbed

antennae and hold their wings upright when at rest. They are 

day-flying and have long tongues that they can use to feed on

nectar in flowers with deep tubes. Butterflies are usually brightly

coloured, with approximately 600 species found in Australia.

Moths also have wings covered in tiny scales and tend to be 

subtle in colour. They have antennae without clubs and hold their 

wings flat when at rest. They are generally dusk- and night-flying

but there are some exceptions: the grapevine moth is a commonly 

seen day-flying moth. Moths feed on nectar. Australia has a high

diversity of moth species, with up to 22,000 species thought to exist

across the continent.

European honey bees have two pairs of wings and long, 

segmented antennae. They are daytime-flying and feed on nectar 

and pollen. They are generalist pollinators and provide the bulk of 

pollination services for horticulture and crop plants. Honey bees 

and native bees are both essential to functioning ecosystems and 

food security in Australia.

Honey bees have become an important part of the Australian

landscape. Honey bees live as colonies, and have a long history

of coexistence with humans, including in domestic gardens.
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Bee fly 
(Family Bombyliidae)

Hoverfly 
(Family Syrphidae)

European honey bee 
(Apis mellifera)
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Horned beetle 
(Rhipicera femorata) ©©©©©©© © © J.J© ©©©©© ©© HHortt

Meadow argus 
(Junonia villida) ©©© © © © J.© J©©© J©©©©©  Hort

Beautiful leaf moth 
(Gastrophora henricaria) © Ka© Ka© Ka© Ka© Ka© KaKa© KaK© Ka© Ka© Ka© KaaKK ren ren renrenrenrrenrr RetrRetrRetrRetrRetete aaaa

Leafcutter bee 
(Megachile maculariformis) © KaKaKa© Ka© Ka© Kaaaarenrenren ren rreennrenreerereen RetretrRetrRetrRetretrrReRetrretretetete aaaaaaa
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Australian native bees comprise more than 2000 species, 

which provide essential pollination services. Native bees are generally

solitary and live in nests in the ground or in hollow stems, old borer 

holes and other cracks and crevices, and some have evolved

to pollinate particular native flowers through ‘buzz pollination’.

Although many Australian native bees are generalist foragers, some

species have co-evolved with native plants and adapted to be the 

most effective pollinators of their flowers. Many native plant species,

such as Dianella and a Grevillea require specially adapted insectsa

to access their nectar and enable the transfer of pollen to the stigma.

Most native bees are solitary, but some species found in northern

Australia (Tetragonula sp. and Austroplebeia sp.) are social bees and

are used for commercial pollination of crops like macadamia nuts.
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Far left: The spreading flax lily, 

Dianella revoluta, is buzz pollinated.

Left: This European honey bee 

is ‘side-working’: feeding on the 

nectar-rich flowers without coming 

into contact with the plant’s pollen.

Front cover: 

1. Australian native bee, Tetragonula 

carbonaria foraging on apple blossom 

(Malus domestica). (Photo: Lisa Vella)

2. View from Govetts Leap, Blackheath, 

looking into the Grose Valley. 

(Photo: Amy-Marie Gilpin)

3. European honey bees, 

Apis mellifera. (Photo: Kirrily Hughes)

Wholesale Nurseries

Most of the plants shown in the 

planting guide will be available at 

nurseries that have a good stock of 

native plants. But if your local nursery 

doesn’t stock the plant you’re after, 

ask them to order it in. For a list of 

wholesale nurseries 

that stock all the 

plants shown in the 

planting guide, plus 

other useful resources, 

visit the Wheen Bee 

Foundation website 

or scan the QR code.

WheenBeeFoundation.org.au/our-work/powerful-pollinators

Wheen Bee Foundation

Powerful Pollinators Planting Guides are 

produced by Wheen Bee Foundation. 

We fund vital strategic research and 

education initiatives that strengthen 

bees, improve pollination efficiency, 

and protect our food security and 

ecosystem health. Visit the website for 

more information. 

WheenBeeFoundation.org.au
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Buzz pollination
Some flowers do not produce any 

nectar; they specifically target pollen-

collecting bees, and only offer pollen 

rewards. To limit pollen loss and ensure 

effective pollination, some plants 

produce flowers with specialised, 

tubular anthers, that only open at the 

tip. To extract pollen, bees use vibrations 

to ‘buzz’ the pollen grains out of the 

pores of these anthers. Many crops are 

buzz pollinated, including tomatoes, 

potatoes, eggplants, capsicum, chillies, 

tomatillo and cranberries.

European honey bees are unable to 

buzz pollinate flowers, but several 

native bees, such as the blue-banded 

bee, and teddy bear bee (Amegilla sp.)

 and carpenter bee (Xylocopa sp.) are 

exceptionally good large buzz pollinators, 

and have evolved to pollinate native 

plants such as flax lilies (Dianella sp.). 

Many of our smaller, ground nesting 

bees utilise vibration to help them 

excavate their burrows, and they also 

use that skill to buzz pollen from the 

anthers of native plants.

Planting buzz-pollinated species 

will encourage populations of buzz 

pollinators for successful pollination of 

food crops and ensure seed set in native 

plants. Many small ground nesting bees 

also buzz pollinate native flowers.

Nectar feeding
Grevillea flowers and other tubular 

flowers are often adapted to be 

successfully pollinated by birds. Pollen 

is ‘presented’ on a floral stigma that 

extends outside the flower. When birds 

feed on the nectar, pollen is deposited 

on their beaks or heads. Bees, also 

attracted to the sugary nectar, crawl 

into the side of the flower and feed on 

the nectar without encountering the 

pollen-laden stigma. The plant doesn’t 

receive the pollination benefit from 

the insect, but flowers such Grevillea 

species can be a very useful source of 

nectar for insects in the cooler months.

aldentetastesgood.com.au



Powerful pollinators
Encouraging insect pollinators in farm landscapes

Sydney Basin Coastal: New South Wales

Pollinators are an essential component 

of agricultural production and of healthy, 

biodiverse landscapes. Protecting and 

enhancing pollinator resources on farms will 

help support a diverse range of pollinators. 

This brochure provides an introduction to 

encouraging insect pollinators on farms, 

including a guide to choosing plants that will 

support diverse pollinators throughout the year.



Pollinators – mostly insects, but also birds

and mammals – assist the formation of 

seeds and fruit in many plant species 

by visiting flowers in search of food 

(nectar and/or pollen). Whilst foraging 

they transfer pollen from one flower to 

another, facilitating fertilization, which 

results in fruits and seeds.

Honey bees, native bees and other 

native insects like hoverflies, wasps 

and butterflies provide essential 

pollination services for native plants, 

garden flowers, fruits and vegetables.

Pollinators and food security

Without insect pollinators, the quantity 

and diversity of food and flowers 

grown in backyard gardens would be 

severely restricted. Many of the foods 

we eat, from gardens and farms, 

benefit from pollination.

Pollinator-dependent foods include 

citrus, apples, stone-fruits, zucchini, 

pumpkins, strawberries and tomatoes, 

as well as plants grown for seed such 

as sunflowers, coriander and parsley.

The quantity and diversity of insect 

pollinators are key drivers of production 

as they influence both food yields and 

quality.  Under-pollination results in 

smaller and misshapen fruit or seed 

that isn’t viable to grow.

A diverse and healthy community of 

pollinators generally provides more 

effective and consistent pollination 

than relying on any single species.

Pollinators are essential to, and 

dependent upon, healthy ecosystems. 

A growing human population and 

increasing demand for food puts 

pressure on ecosystems, with potential 

negative impacts on biodiversity, the 

environment and food production.

Insect populations are in decline 

worldwide due to land clearing, 

intensive or monocultural 

agriculture, pesticide use, 

pollution, colony disease, 

increased urbanisation and 

climate change. Low pollinator 

numbers mean not all flowers 

are pollinated, leading to low 

fruit or seed set. This in turn 

reduces fruit and vegetable 

harvest yields, and decreases 

food supply.

Backyard biodiversity

Insect pollinators are a prime example 

of the importance of healthy ecosystems

in urban gardens, parks and reserves. 

Insects are the ‘canaries in the coal mine’

of our urban and rural environments. 

Without our ‘littlest creatures’, we lack 

pollinators, natural beneficial pest 

control services, and critical food source 

for other insects, birds, amphibians, 

reptiles and mammals.

The presence of connected and 

widespread pollinator habitat is critical 

to support insect populations if we 

are to maintain sustainable cities and 

productive, healthy gardens and urban 

farms for food security and biodiversity.

Pollinators require habitat that contains 

year-round food sources, breeding 

resources and nesting sites. The presence

of pollinator habitat adjacent to food 

crops has been shown to improve 

food production by enabling a greater 

variety and number of pollinators 

to persist year-round, providing 

pollination services when required.

Turn to the centre of this brochure for 

a guide to planting for pollinators.

The power of 
pollinators

Under-pollination results in smaller, 

misshapen fruit such as this strawberry.

Native vegetation supports pollinators by providing food and nesting sites. Nearby crops and 

pastures will benefit from the increased abundance and diversity of pollinators in the landscape.

Diapause or diet? 

Where are the insects?

Many insect pollinators undergo a 

diapause during colder winter months. 

Diapause is a period of suspended 

development during unfavourable 

environmental conditions, and during 

this period insect pollinators do not need 

flowers. Birds and other small mammals 

will continue to benefit from available 

pollen and nectar during this time.

If there are low numbers of insect 

pollinators in your local area, it is 

important to determine whether this is 

because of diapause, or because of an 

inadequate availability of nectar and 

pollen creating a ‘food desert’ where 

insect pollinators cannot survive.

There are still many unknowns about 

insect pollinators in Australia. Take part 

in Australian Pollinator Week or in the 

bi-annual Wild Pollinator Count to learn 

more about pollinators in your area — 

visit AustralianPollinatorWeek.org.au

and WildPollinatorCount.com
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Encouraging pollinators in your garden

Create pollination reservoirs

Pollination reservoirs are areas that 

provide floral resources for pollinators. 

They can be gardens, new planting 

or existing habitat such as established 

trees, or even local bushland, parks 

or reserves. A high diversity of plant 

species is essential to provide nectar, 

pollen and nesting sites throughout  

the year. Pollination reservoirs need  

to be close enough to where pollinators 

live to ensure that they can fly easily  

to them.

Improve on what you have

Enhance and improve your existing 

pollinator habitat where possible. 

Gardens that already contain 

established trees, rockeries, ponds,  

bare soil and organic matter, and  

a variety of flowering plants, are  

a valuable resource for beneficial 

insects and pollinators.

Nature-strips, verges, laneways, 

vegetable gardens, orchards, nature 

reserves, and riverbanks and creeks  

can all be important pollinator-attracting  

areas. Protect and enhance native 

pollinator plants in your garden and 

surrounds for the future.

Plant trees, shrubs and groundcovers

Planting a variety of species of 

groundcovers, shrubs and trees to 

in your garden will further attract 

pollinators to your patch. Initial 

watering and protection will improve 

the success rate of young plants.  

Some species such as wildflowers 

or native pea species are excellent 

pollinator attractors and reward  

careful attention by keen gardeners.

Construct insect real estate

Insect hotels, which are both functional 

and attractive, are a great way to 

add to habitat and nesting places for 

pollinators and insects in your backyard 

or garden. The hotels are easily moved 

to be close to flowering plants and 

those needing pollination, especially 

if you have a new garden that is still 

growing. Include lots of different  

sized holes, cracks and crevices to 

provide homes for various solitary 

insect pollinators.

Plant for the future

When establishing pollinator habitat, 

consider including species that are 

indigenous to your area but can 

tolerate increasingly drier and warmer 

conditions, to create resilient habitat 

for climate change. Rehabilitate 

weedy areas into managed pollination 

reservoirs by introducing lots of 

flowering plant diversity. Be careful  

not to plant invasive or listed weeds, 

and look for suitable replacements.

Amplify the flower signal

Plants have evolved large flowers or 

clusters of smaller flowers because 

they attract more pollinator visits. 

Large, colourful and diverse plantings 

attract more pollinators. Ideally, plant in 

groups that contain different vegetation 

layers — combine a species-rich mixture 

of wildflowers, ground-covers, herbs, 

lilies, rushes, climbers, shrubs and trees.

Connectivity counts

Insect pollinators benefit from greater 

connectivity of habitat in a landscape, 

which allows them to forage over a 

wider radius and increase in numbers 

in a local area.  Encourage friends and 

neighbours to plant for pollinators and 

create connections in your community.

Get to know your local flora

Your local government area has distinct 

populations of insects, depending 

on the local flora and environment. 

Knowing your local insect species will 

help you develop better plantings. 

The plants growing in nearby nature 

reserves or bushland will be suited 

to your climate and soils. Local 

environment groups and specialist 

native nurseries can provide 

information about local plants.

Grow a bumper crop 

Pollinator-attracting plants include 

many fruits and vegetables grown  

in backyards, community and market 

gardens, and orchards. Pollinators 

ensure good yields of crops such as 

apples, beans, avocado, and almonds, 

and bush foods such as lilly-pilly and 

yam daisy.

Reduce chemical use

Insecticides, fungicides and herbicides 

all affect bee, colony and wild pollinator  

health. Herbicides can impact pollinators  

by reducing the availability and diversity 

of flora and removing vegetation that 

helps support insect life. Some herbicides 

can also harm the beneficial bacteria 

in the insect gut. Insecticides are an 

obvious threat to pollinators, yet many 

pollinators will, in healthy numbers, help 

control pest insects, ultimately reducing 

the need for insecticide use.

Many crops are dependent on pollination 

by bees. When chemical pest control is 

unavoidable, select products that are 

least harmful for pollinators and apply 

insecticides in the evening or at night 

when pollinators are not active.  

Always use according to directions, 

especially for withholding periods, and 

notify beekeepers a few days before 

spraying chemicals so beehives can be 

safely relocated away from harm.

Safeguard the bees? The best way to ‘save the bees’ and protect our pollinators is to create 

an abundance of diverse habitat — from the ground up! There is much interest in keeping a 

bee hive to promote pollinators, but there are serious legal and biosecurity responsibilities that 

must be considered, and that the introduction of a bee hive does not displace existing native 

pollinators and insects. Be a friend of pollinators and say it with flowers!

Be a citizen scientist and do some 

detective work to discover local 

pollinators in your patch. Visit 

inaturalist.ala.org.au to be involved.
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Flower forms

Pollinator 
rewards

Generalist flowers can be

pollinated by many different insects 

and animals. They are typically

saucer shaped with many stamens

and have a surface that insects can

walk on. Eucalyptus flowers ands

daisy flowers are generalist flowers 

— they can be pollinated by bees,

flies, beetles and butterflies.

Specialist flowers have

modifications to their shape and

size that only let certain pollinators 

access the nectar and pollen.

These flowers might have deep

flower tubes or narrow entry 

points so that only a select group

of pollinators can access them. 

The advantage of specialisation 

is that pollination is very targeted 

and efficient, with accurate pollen

placement made possible by

co-evolution between flowers and

insects. The disadvantage is that

if the correct pollinator isn’t there, 

the flowers aren’t pollinated. Often,

nectar is produced at the base of 

the flower, forcing pollinators to

enter the flower fully and in the 

process, become covered in pollen.

©© M© Me© © rediediedidiittth th Ch Ch Ct  osgoosgosgosgrgrgross ove
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Nectar is a sugary solution, rich

in carbohydrates, vitamins and

minerals, produced by flowers and

sometimes by glands on leaves or 

stems (called extra-floral nectaries).

Nectar is attractive to insects, 

and provides an immediate energy

source needed for tasks such as 

hunting pest insects, laying eggs

in decomposing organic matter,

collecting pollen, or parasitising

other insects.

Carbohydrates alone don’t support 

everything needed for health and 

growth, so insects also need pollen.

Pollen is rich in protein, fats and 

nutrients. Bees are vegetarian,

and need to collect pollen to feed

their offspring.

Hoverflies are a type of fly, distinguishable by their large eyes, 

short antennae, bright black and yellow abdomen and their 

hovering flight behaviour. Adult hoverflies are nectar and pollen 

feeders. Hoverfly larvae feed on pests such as aphids, thrips and

leafhoppers and are useful biocontrol agents.

Know your pollinators

Fly species number up to 30,000 in Australia, and can be identified
by having only one pair of flight wings. A second set of wings
are modified into club-shaped paddles that allow flies to hover 
and stabilise their flight. Unlike bees and wasps, they have very
small, clubbed antennae at the front of their head. Flies, including 
blowflies, are often attracted to flowers that smell like carrion;
they generally have hairy bodies that easily collect pollen while
they are feeding. Flies provide a range of services in the garden,
including pollination, decomposition and predation.

Beetles have hard outer wings that form their distinctive beetle

shape. Their outer wings form a T-shape where they join at the 

top, unlike bugs where the outer wings make an X- or Y-shape.

Beetles feed on nectar and pollen, usually by crawling over flower 

surfaces. There are around 30,000 species of beetles in Australia, 

with many yet to be formally described.

Butterflies have wings covered in tiny scales. They have clubbed

antennae and hold their wings upright when at rest. They are 

day-flying and have long tongues that they can use to feed on

nectar in flowers with deep tubes. Butterflies are usually brightly

coloured, with approximately 600 species found in Australia.

Moths also have wings covered in tiny scales and tend to be 

subtle in colour. They have antennae without clubs and hold their 

wings flat when at rest. They are generally dusk- and night-flying

but there are some exceptions: the grapevine moth is a commonly 

seen day-flying moth. Moths feed on nectar. Australia has a high

diversity of moth species, with up to 22,000 species thought to exist

across the continent.

European honey bees have two pairs of wings and long, 

segmented antennae. They are daytime-flying and feed on nectar 

and pollen. They are generalist pollinators and provide the bulk of 

pollination services for horticulture and crop plants. Honey bees 

and native bees are both essential to functioning ecosystems and 

food security in Australia.

Honey bees have become an important part of the Australian

landscape. Honey bees live as colonies, and have a long history

of coexistence with humans, including in domestic gardens.

© Ka© Ka© Ka© KaKa© KKK© KK K© Ka©© K ren reren renren nnn RRRR tRetrRetrrR tRetR a

Bee fly 
(Family Bombyliidae)

Hoverfly 
(Family Syrphidae)

European honey bee 
(Apis mellifera)

© Ka© Ka© Ka©© arenrenren ren RRReRetretretraaa

Horned beetle 
(Rhipicera femorata) ©©©©©©© © © J.J© ©©©©© ©© HHortt

Meadow argus 
(Junonia villida) ©©© © © © J.© J©©© J©©©©©  Hort

Beautiful leaf moth 
(Gastrophora henricaria) © Ka© Ka© Ka© Ka© Ka© KaKa© KaK© Ka© Ka© Ka© KaaKK ren ren renrenrenrrenrr RetrRetrRetrRetrRetete aaaa

Leafcutter bee 
(Megachile maculariformis) © KaKaKa© Ka© Ka© Kaaaarenrenren ren rreennrenreerereen RetretrRetrRetrRetretrrReRetrretretetete aaaaaaa
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Australian native bees comprise more than 2000 species, 

which provide essential pollination services. Native bees are generally

solitary and live in nests in the ground or in hollow stems, old borer 

holes and other cracks and crevices, and some have evolved

to pollinate particular native flowers through ‘buzz pollination’.

Although many Australian native bees are generalist foragers, some

species have co-evolved with native plants and adapted to be the 

most effective pollinators of their flowers. Many native plant species,

such as Dianella and a Grevillea require specially adapted insectsa

to access their nectar and enable the transfer of pollen to the stigma.

Most native bees are solitary, but some species found in northern

Australia (Tetragonula sp. and Austroplebeia sp.) are social bees and

are used for commercial pollination of crops like macadamia nuts.
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Far left: The spreading flax lily, 

Dianella revoluta, is buzz pollinated.

Left: This European honey bee 

is ‘side-working’: feeding on the 

nectar-rich flowers without coming 

into contact with the plant’s pollen.

Front cover: 

1. Austroscolia soror on Backhousia 

citriodora. (Photo: Amy-Marie Gilpin)

2. Illawarra escarpment, NSW. 

(Photo: Laura Lopresti)

3. European honey bees, 

Apis mellifera. (Photo: Kirrily Hughes)

Wholesale Nurseries

Most of the plants shown in the 

planting guide will be available at 

nurseries that have a good stock of 

native plants. But if your local nursery 

doesn’t stock the plant you’re after, 

ask them to order it in. For a list of 

wholesale nurseries 

that stock all the 

plants shown in the 

planting guide, plus 

other useful resources, 

visit the Wheen Bee 

Foundation website 

or scan the QR code.

WheenBeeFoundation.org.au/our-work/powerful-pollinators

Wheen Bee Foundation

Powerful Pollinators Planting Guides are 

produced by Wheen Bee Foundation. 

We fund vital strategic research and 

education initiatives that strengthen 

bees, improve pollination efficiency, 

and protect our food security and 

ecosystem health. Visit the website for 

more information. 

WheenBeeFoundation.org.au
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Buzz pollination
Some flowers do not produce any 

nectar; they specifically target pollen-

collecting bees, and only offer pollen 

rewards. To limit pollen loss and ensure 

effective pollination, some plants 

produce flowers with specialised, 

tubular anthers, that only open at the 

tip. To extract pollen, bees use vibrations 

to ‘buzz’ the pollen grains out of the 

pores of these anthers. Many crops are 

buzz pollinated, including tomatoes, 

potatoes, eggplants, capsicum, chillies, 

tomatillo and cranberries.

European honey bees are unable to 

buzz pollinate flowers, but several 

native bees, such as the blue-banded 

bee, and teddy bear bee (Amegilla sp.)

 and carpenter bee (Xylocopa sp.) are 

exceptionally good large buzz pollinators, 

and have evolved to pollinate native 

plants such as flax lilies (Dianella sp.). 

Many of our smaller, ground nesting 

bees utilise vibration to help them 

excavate their burrows, and they also 

use that skill to buzz pollen from the 

anthers of native plants.

Planting buzz-pollinated species 

will encourage populations of buzz 

pollinators for successful pollination of 

food crops and ensure seed set in native 

plants. Many small ground nesting bees 

also buzz pollinate native flowers.

Nectar feeding
Grevillea flowers and other tubular 

flowers are often adapted to be 

successfully pollinated by birds. Pollen 

is ‘presented’ on a floral stigma that 

extends outside the flower. When birds 

feed on the nectar, pollen is deposited 

on their beaks or heads. Bees, also 

attracted to the sugary nectar, crawl 

into the side of the flower and feed on 

the nectar without encountering the 

pollen-laden stigma. The plant doesn’t 

receive the pollination benefit from 

the insect, but flowers such Grevillea 

species can be a very useful source of 

nectar for insects in the cooler months.

horticulture.com.auwesternsydney.edu.aunsw.gov.au

Proudly funded by the NSW Government in association 

with Western Sydney University and Hort Innovation.



Powerful pollinators
Encouraging insect pollinators in rural and urban landscapes

Sydney Basin Inland: New South Wales

Pollinators are an essential component of healthy, biodiverse 

landscapes and provide critical pollination services to 

native flora and agriculture production across the country. 

This guide provides information on ways to encourage 

a diverse range of insect pollinators across all properties, 

and includes a planting calendar to help select plants to 

support diverse pollinators throughout the year.



Pollinators – mostly insects, but also birds

and mammals – assist the production 

of seeds and fruit in many plant species 

by visiting flowers in search of food 

(nectar and/or pollen). Whilst foraging 

they transfer pollen from one flower to 

another, facilitating fertilisation, which 

results in fruits and seeds.

Honey bees, native bees and other 

native insects like hoverflies, wasps 

and butterflies provide essential 

pollination services for native plants, 

pastures, crops, fruits and vegetables.

Pollinators and food security

Without insect pollinators, the quantity 

and diversity of food grown for humans 

in contemporary agricultural systems 

would be severely restricted. Many 

of the food crops we eat, as well as 

pasture and fodder crops, benefit from 

pollination by insects.

Pollinator-dependent crops include 

oranges, apples, berries and 

vegetables, as well as many crops 

grown for seed production, such as 

canola.

The quantity and diversity of insect 

pollinators are key drivers of production 

as they influence both crop yields and 

quality. Under-pollination results in 

smaller and misshapen fruit or seed 

that isn’t viable.

Grazing enterprises can also suffer 

from a reduction in the abundance or 

diversity of pollinators, due to the role 

these insects play in the persistence 

of nitrogen-fixing pasture legumes 

such as clover.

A diverse and healthy community of 

pollinators generally provides more 

effective and consistent pollination 

than relying on any single species.

Insect populations are in decline 

worldwide due to land clearing, 

intensive or monocultural 

agriculture, pesticide use, 

pollution, colony disease, 

increased urbanisation and 

climate change. Low pollinator 

numbers mean not all flowers 

are pollinated, leading to low 

fruit or seed set. This in turn 

reduces fruit and vegetable 

harvest yields, and decreases 

food supply.

Healthy ecosystems

Pollinators are both essential to, and 

depend upon, healthy ecosystems. 

A growing human population and 

increasing demand for food puts 

pressure on ecosystems, while declining 

ecosystem function will in turn 

negatively impact food production.

Insect pollinators are a prime example 

of this — without healthy ecosystems 

and the presence of patches of 

native vegetation to support insect 

populations, pollination will decline. 

This will threaten both crop productivity 

and the persistence of native, 

pollinator-dependent flowering plants.

Pollinators require habitat that contains 

year-round food sources, breeding 

resources and nesting sites. The presence

of pollinator habitat adjacent to food 

crops has been shown to improve 

food production by enabling a greater 

variety and number of pollinators 

to persist year-round, providing 

pollination services when required.

Turn to the centre of this brochure for 

a guide to planting for pollinators.

The power of 
pollinators

Under-pollination results in smaller, 

misshapen fruit such as this strawberry.

Native vegetation supports pollinators by providing food and nesting sites. Nearby crops and 

pastures will benefit from the increased abundance and diversity of pollinators in the landscape.

Diapause or diet? 

Where are the insects?

Many insect pollinators undergo a 

diapause during colder winter months. 

Diapause is a period of suspended 

development during unfavourable 

environmental conditions, and during 

this period insect pollinators do not need 

flowers. Birds and other small mammals 

will continue to benefit from available 

pollen and nectar during this time.

If there are low numbers of insect 

pollinators in your local area, it is 

important to determine whether this is 

because of diapause, or because of an 

inadequate availability of nectar and 

pollen, creating a ‘food desert’ where 

insect pollinators cannot survive.

There are still many unknowns about 

insect pollinators in Australia. Take part in 

Australian Pollinator Week or in the annual

Australian Pollinator Count to learn more 

about pollinators in your area – visit: 

AustralianPollinatorWeek.org.au and 

AustralianPollinatorCount.au

© SSuSuSu© S©© Suststainablnablablb e Fae rmssss
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Create pollination reservoirs

Pollination reservoirs are areas of 

native plant species that provide floral 

resources for pollinators. They can 

be new plantings or existing habitat, 

such as shelterbelts or remnant 

vegetation. A high diversity of plant 

species is essential to provide nectar, 

pollen and nesting sites throughout the 

year. Pollination reservoirs need to be 

close enough to crops to ensure that 

pollinators can fly easily to them.

Use existing habitat

Protect and improve existing habitat 

where possible. Roadsides, shelterbelts, 

dam margins, woodlands, grasslands, 

rocky areas, river and creek edges can 

all be important pollinator-attracting 

areas, bringing valuable pollination 

services to your property. 

Native vegetation stands provide 

habitat for pollinators, and special 

attention should be paid to enhance 

and protect these areas.

Get to know your local flora

Each property and region will have 

distinct populations of insects, based on 

the plants and climate. Identifying and 

understanding the insects in your area 

will help you develop better plantings.

The plants growing in nearby bush will 

be well suited to the climate and soils 

in your region. Local community groups 

and specialist native nurseries can 

provide useful information and usually 

produce local plant species.

Plant trees, shrubs and 
groundcovers

Planting a variety of species of 

groundcovers, shrubs and trees on your 

property will further attract pollinators 

to your area. Use a combination of 

direct seed sowing and planting tube 

stock to establish new vegetation. Initial 

watering and protection from grazing 

will improve the success rate of young 

plants. Wildflowers, including our native 

pea species, are excellent at attracting 

a diverse range of native pollinators.

Connectivity counts

Insect pollinators benefit from greater 

connectivity of habitat in a landscape, 

which allows them to forage over a 

wider radius and increase in numbers 

in a local area. Encourage neighbours 

and other landholders to plant for 

pollinators and create connections 

across your landscape.

Utilise ecotones

Ecotones are the margins between 

two different habitats. Ecotones often 

contain a more diverse mixture of 

pollinator species because they are 

inhabited by pollinators from both 

habitats. Protect and utilise ecotones 

such as the transition zones between 

woodland and grassland, or heath 

and shrubland, to create highly diverse 

floral and insect communities.

Amplify the flower signal

Plants have evolved large flowers or 

clusters of smaller flowers which attract 

more pollinator visits. Large, colourful 

and diverse plantings attract more 

pollinators. Ideally, plant in groups 

that contain different vegetation layers 

— combine a species-rich mixture of 

wildflowers, groundcovers, herbs, lilies, 

rushes, climbers, shrubs and trees.

Plant for the future

When establishing pollinator habitat, 

consider including species that are 

indigenous to your area and can tolerate 

increasingly warmer and drier (or wetter)  

conditions, to improve resilience to climate 

change. Rehabilitate weedy areas into 

managed pollination reservoirs by  

introducing lots of flowering plant diversity. 

Be careful not to plant invasive or listed 

weeds, and look for suitable replacements.

Double the crop value

Plants that are pollinator-attracting may  

be commercially viable crop species 

in their own right and can be used to 

diversify farm production. Bush foods 

such as Acacia seed, Apple Berry, 

Native Cherry and many more are 

in high demand for use in fresh and 

manufactured products. Native plant 

seed is also needed for revegetation 

projects. Farmers can also support 

beekeepers by hosting beehives to 

increase pollinator numbers on a farm.

Reduce chemical use

Insecticides, fungicides and herbicides 

all affect the health of bees, bee 

colonies and native pollinators. 

Herbicides can impact pollinators by 

reducing the availability and diversity 

of flora and removing vegetation 

that helps support insect life. Some 

herbicides can also harm the beneficial 

microbes in the insect gut. In many 

circumstances, beneficial insects will, 

in healthy numbers, help control pest 

insects, ultimately reducing the need  

for insecticide use.

When chemical pest control is 

unavoidable, select products that are 

least harmful for pollinators and apply 

insecticides in the evening or at night 

when pollinators are not active.

Always use according to directions, 

especially for withholding periods, and 

notify beekeepers a few days before 

spraying chemicals so beehives can be 

safely relocated away from harm.

Encouraging pollinators on your property

Safeguard the bees? The best way to ‘save the bees’ and protect our pollinators is to create  

an abundance of diverse habitat — from the ground up! There is much interest in keeping a 

beehive to promote pollinators, but there are serious legal and biosecurity responsibilities that 

must be considered, and that the introduction of a beehive does not displace existing native 

pollinators and insects. Be a friend of pollinators and say it with flowers!

Be a citizen scientist and do some 

detective work to discover local 

pollinators on your property. Visit 

inaturalist.ala.org.au to be involved.
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Flower forms

Pollinator 
rewards

Generalist flowers can be

pollinated by many different insects 

and animals. They are typically

saucer shaped with many stamens

and have a surface that insects can

walk on. Eucalyptus flowers ands

daisy flowers are generalist flowers 

— they can be pollinated by bees,

flies, beetles and butterflies.

Specialist flowers have

modifications to their shape and

size that only let certain pollinators 

access the nectar and pollen.

These flowers might have deep

flower tubes or narrow entry 

points so that only a select group

of pollinators can access them. 

The advantage of specialisation 

is that pollination is very targeted 

and efficient, with accurate pollen

placement made possible by

co-evolution between flowers and

insects. The disadvantage is that

if the correct pollinator isn’t there, 

the flowers aren’t pollinated. Often,

nectar is produced at the base of 

the flower, forcing pollinators to

enter the flower fully and in the 

process, become covered in pollen.

©© M© Me© © rediediedidiittth th Ch Ch Ct  osgoosgosgosgrgrgross ove
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Nectar is a sugary solution, rich

in carbohydrates, vitamins and

minerals, produced by flowers and

sometimes by glands on leaves or 

stems (called extra-floral nectaries).

Nectar is attractive to insects, 

and provides an immediate energy

source needed for tasks such as 

hunting pest insects, laying eggs

in decomposing organic matter,

collecting pollen, or parasitising

other insects.

Carbohydrates alone don’t support 

everything needed for health and 

growth, so insects also need pollen.

Pollen is rich in protein, fats and 

nutrients. Bees are vegetarian,

and need to collect pollen to feed

their offspring.

Know your pollinators

Butterflies have wings covered in tiny scales. They have clubbed

antennae and hold their wings upright when at rest. They are 

day-flying and have long tongues that they can use to feed on

nectar in flowers with deep tubes. Butterflies are usually brightly

coloured, with approximately 600 species found in Australia.

Moths also have wings covered in tiny scales and tend to be 

subtle in colour. They have antennae without clubs and hold their 

wings flat when at rest. They are generally dusk- and night-flying

but there are some exceptions: the grapevine moth is a commonly 

seen day-flying moth. Moths feed on nectar. Australia has a high

diversity of moth species, with up to 22,000 species thought to exist

across the continent.

European honey bees have two pairs of wings and long, 

segmented antennae. They are daytime-flying and feed on nectar 

and pollen. They are generalist pollinators and provide the bulk of 

pollination services for horticulture and crop plants. Honey bees 

and native bees are both essential to functioning ecosystems and 

food security in Australia.

Honey bees have become an important part of the Australian

landscape. Honey bees live as colonies, and have a long history

of coexistence with humans, including in domestic gardens.

© Ka© Ka© Ka© KaKa© KKK© KK K© Ka©© K ren reren renren nnn RRRR tRetrRetrrR tRetR a

Bee fly 
(Family Bombyliidae)

Hoverfly 
(Family Syrphidae)

European honey bee 
(Apis mellifera)

© Ka© Ka© Ka©© arenrenren ren RRReRetretretraaa

Meadow argus 
(Junonia villida) ©©© © © © J.© J©©© J©©©©©  Hort

Beautiful leaf moth 
(Gastrophora henricaria) © Ka© Ka© Ka© Ka© Ka© KaKa© KaK© Ka© Ka© Ka© KaaKK ren ren renrenrenrrenrr RetrRetrRetrRetrRetete aaaa

Leafcutter bee 
(Megachile maculariformis) © KaKaKa© Ka© Ka© Kaaaarenrenren ren rreennrenreerereen RetretrRetrRetrRetretrrReRetrretretetete aaaaaaa
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Australian native bees comprise more than 2000 species, 

which provide essential pollination services. Native bees are generally

solitary and live in nests in the ground or in hollow stems, old borer 

holes and other cracks and crevices, and some have evolved

to pollinate particular native flowers through ‘buzz pollination’.

Although many Australian native bees are generalist foragers, some

species have co-evolved with native plants and adapted to be the 

most effective pollinators of their flowers. Many native plant species,

such as Dianella and a Grevillea require specially adapted insectsa

to access their nectar and enable the transfer of pollen to the stigma.

Most native bees are solitary, but some species found in northern

Australia (Tetragonula sp. and Austroplebeia sp.) are social bees and

are used for commercial pollination of crops like macadamia nuts.

Hoverflies are a type of fly, distinguishable by their large eyes, 

short antennae, bright black and yellow abdomen and their 

hovering flight behaviour. Adult hoverflies are nectar and pollen 

feeders. Hoverfly larvae feed on pests such as aphids, thrips and

leafhoppers and are excellent biocontrol agents.

Fly species number up to 30,000 in Australia, and can be identified
by having only one pair of flight wings. A second set of wings are
modified into club-shaped paddles that allow flies to hover and 
stabilise their flight. Unlike bees and wasps, many flies (Brachycera)
have very small, clubbed antennae at the front of their head.
Flies, including blowflies, are often attracted to flowers that smell 
like carrion. Some flower-flies, have hairy bodies that easily collect
pollen while they are feeding. Flies provide a range of services 
in the garden, including pollination, decomposition and predation.

Beetles have hard outer wings that form their distinctive beetle

shape. Their outer wings form a T-shape where they join at the 

top, unlike bugs where the outer wings make an X- or Y-shape.

Some beetles feed on nectar and pollen, usually by crawling over 

flower surfaces. There are around 30,000 species of beetles in

Australia, with many yet to be formally described.

Fiddler Beetle 
(Eupoecila australasiae) ©©©© Er© © © ErEr©© Ericaicaicaa SiegSiegSSSiegSiegSiegiegSieggSiegSiSiegSiSiegSiSieggSSiieSiegegS eelelleleel
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Far left: The spreading flax lily, 

Dianella revoluta, is buzz pollinated.

Left: This European honey bee 

is ‘side-working’: feeding on the 

nectar-rich flowers without coming 

into contact with the plant’s pollen.

Front cover: 

1. Exoneura bee on native flower.

(Photo: Amy-Marie Gilpin)

2. Hawkesbury Lookout, NSW. 

(Photo: Andrew Williamson)

3. European honey bees, 

Apis mellifera. (Photo: Kirrily Hughes)

Nurseries

Most of the plants shown in the 

planting guide will be available at 

nurseries that have a good stock 

of native plants. But if your local 

nursery doesn’t stock the plant 

you’re after, ask them to order it in. 

For a list of nurseries 

that stock all the 

plants shown in the 

planting guide, plus 

other useful resources, 

visit the Wheen Bee 

Foundation website 

or scan the QR code.

WheenBeeFoundation.org.au/our-work/powerful-pollinators

Wheen Bee Foundation

Powerful Pollinators Planting Guides are 

produced by Wheen Bee Foundation. 

We fund vital strategic research and 

education initiatives that strengthen 

bees, improve pollination efficiency, 

and protect our food security and 

ecosystem health. Visit the website for 

more information. 

WheenBeeFoundation.org.au
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Buzz pollination
Some flowers do not produce any 

nectar; they specifically target pollen-

collecting bees, and only offer pollen 

rewards. To limit pollen loss and ensure 

effective pollination, some plants 

produce flowers with specialised, 

tubular anthers, that only open at the 

tip. To extract pollen, bees use vibrations 

to ‘buzz’ the pollen grains out of the 

pores of these anthers. Many crops are 

buzz pollinated, including tomatoes, 

potatoes, eggplants, capsicum, chillies, 

tomatillo and cranberries.

European honey bees are unable to 

buzz pollinate flowers, but several 

native bees, such as the blue-banded 

bee, teddy bear bee (Amegilla sp.) 

and carpenter bee (Xylocopa sp.) are 

exceptionally good large buzz pollinators, 

and have evolved to pollinate native 

plants such as flax lilies (Dianella sp.). 

Many of our smaller, ground nesting 

bees utilise vibration to help them 

excavate their burrows, and they also 

use that skill to buzz pollen from the 

anthers of native plants.

Planting buzz-pollinated species 

will encourage populations of buzz 

pollinators for successful pollination of 

food crops and ensure seed set in native 

plants. Many small ground nesting bees 

also buzz pollinate native flowers.

Nectar feeding
Grevillea flowers and other tubular 

flowers are often adapted to be 

successfully pollinated by birds. Pollen 

is ‘presented’ on a floral stigma that 

extends outside the flower. When birds 

feed on the nectar, pollen is deposited 

on their beaks or heads. Bees, also 

attracted to the sugary nectar, crawl 

into the side of the flower and feed on 

the nectar without encountering the 

pollen-laden stigma. The plant doesn’t 

receive the pollination benefit from 

the insect, but flowers such Grevillea 

species can be a very useful source of 

nectar for insects in the cooler months.

horticulture.com.auwesternsydney.edu.aunsw.gov.au

Proudly funded by the NSW Government in association 

with Western Sydney University and Hort Innovation.
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Varroa mites – notorious honey bee parasites – have recently reached Australian shores, detected at 

the Port of Newcastle in New South Wales last year. If they establish here, there would be significant

implications for agricultural food security, as honey bees are heavily relied on for the pollination of

many crops.

However, while Australia is the last continent to be invaded by the mite, it has an opportunity to be

the first to eradicate it.

Varroa destructor is a small mite that attaches to bees and eats their “fat body”. The fat bodies of

honey bees are the insect equivalent of a liver. Varroa weakens bees, reduces their lifespan and

increases the spread of deadly viruses.

Scientists need to be ready: this might be Australia’s best chance to collect important data on the

spread and evolution of this parasite. Our new paper published today in Biology Letters outlines what

questions scientists need to ask and what data they need to collect if Varroa spreads in Australia.

Such data could help us understand how parasites evolve, why Varroa are so damaging for honey

bees, and how Varroa mites impact other insects and the environment.

Read more: Explainer: Varroa mite, the tiny killer threatening Australia's bees

Will Varroa establish in Australia?

Australia is in close proximity to countries that have the mite, including New Zealand, Papua New

Guinea, Timor-Leste and Indonesia.

This probably explains why invasive honey bee swarms are frequently intercepted at our ports, many 

of these carrying Varroa. Australia currently bans importation of honey bee colonies due to the

biosecurity risk, so these interceptions are typically due to stowaway swarms taking up residence in

shipping containers.

Previous invasions of Varroa have been successfully eradicated before establishing, but this time

Varroa circumvented the biosecurity surveillance near Newcastle and spread locally.

The New South Wales Department of Primary Industries has been contact-tracing and culling hives in 

contaminated areas, and the spread has been slow so far. Australia has large populations of feral

honey bees, which could potentially act as a reservoir for Varroa and are much harder to trace and

control, so the department is tackling this with a wild honey bee baiting program.
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What threats does Varroa pose?

Varroa mites are a threat to food security. Although Australia has an abundance of food and exports it 

to other nations, the price of food is likely to increase if Varroa escapes confinement.

Currently, pollination of crops in eradication zones such as berries in Coffs Harbour is at risk due to

the removal of all honey bees in the region, which may lead to short-term increases in food costs.

However, establishment and spread of Varroa will lead to lower pollination and lower crop production

across the country, which will raise the price of most fruit and vegetables that depend on bee

pollination.

This could worsen the food affordability crises caused by the current inflation, affecting the ability of

low income households to buy nutritious and fresh produce. Almond pollination has already noted a

deficit of 80,000 hives in the last season.

Many of the honey bee colonies that pollinate our crops are thought to be feral, living in tree hollows

or nest-boxes designed for native animals. These feral bees are not managed by beekeepers and so

won’t be saved by the use of Varroa treatments, meaning they will most likely disappear.

Varroa may be a threat to wild pollinators including native bees. Varroa often spreads viruses, which

can jump between species and may threaten our wild native pollinators. Of particular concern are

viruses that deform insect wings and cause paralysis. Fortunately, these viruses have not been

detected in the current Varroa incursion.

A Varroa mite fallen from a hive in France. Théotime Colin, Author provided
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How can we secure Australia’s agricultural industry?

Australia’s agricultural industry relies mostly on pollination by European honey bees. This choice has

been risky.

In Europe, pollination services are also provided by diverse species like bumble bees, mining bees and

mason bees (e.g. Osmia rufa), many of which are un-managed wild species that nest alone.

If Varroa escapes confinement, beekeepers will still be able to maintain colonies of honey bees but at

greater costs, due to colony losses and the need for chemicals to treat Varroa mites in the hives. These

costs have the potential to sink businesses, and affect the livelihoods of beekeepers.

Australia needs to decrease its reliance on the European honey bee in agriculture and improve

pollinator diversity via the use of other native pollinator species such as native stingless bees, blue

banded bees, or even flies. For example, native Australian stingless bees aid in the pollination of

macadamia and capsicum crops and could be used for the pollination of other crops.

Australia currently relies on pollination by commercial honey bees (yellow), supplemented by feral
honey bees (brown), though we have many native bee species like stingless bees and blue banded
bees that are also being used in crop pollination. Boris Yagound, adapted from Chapman et al. 2023,
CC BY

Native blue banded bees pollinating tomatoes in Australia.



1/3/2024, 08:47Australia is in a unique position to eliminate the bee-killing Varroa mite. Here’s what happens if we don’t

Page 5 of 5https://theconversation.com/australia-is-in-a-unique-position-to-el…te-the-bee-killing-varroa-mite-heres-what-happens-if-we-dont-205926

Australia’s unique situation

Australia is different from other Varroa infected regions of the world. Our incursion was smaller, it

was identified early and the management zone is small enough to be feasibly eradicated.

Even if Varroa spreads in Australian landscapes, hopes are that the pace of the spread may be slower

in Australia than it was in other regions due to the smaller incursion, the colossal eradication effort

and large tracts of land that are inhospitable to honey bees. Managed honey bee populations are

concentrated around coastal regions, or in Australia’s major rural food bowl regions where pollinator-

dependant crops (such as almonds, blueberries and apples) are located.

This gives us a chance to prevent the spread of Varroa across inland Australia, where there are no

honey bees.

Luckily for us, most of the world has already spent the last few decades trying to minimise Varroa

mite management costs. As a nation, we now have the chance to initiate a fresh and coordinated

management response. Australia could organise state-wide integrated pest management approaches

and treatment regimes to prevent Varroa’s resistance to chemical treatments from developing rapidly.

In short, there are good reasons to remain positive about the future of Australian beekeeping and

horticultural industries, but there is still much work for our research community to do.

Read more: Bees can do so much more than you think – from dancing to being little 
art critics


