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Publicsummary

Approximately 12 billion dollars/year of crop production in Australia is at least partially reliant on ipskiaation.
Honeybees provide most of this service, but evaiance on a single species carries significant risk. Honeybee populations
are under pressure from pests, colony collapse disorder, pesticide usage and climate change. These challenges ar
compounded by sustained growth of pollination dependent industries, declining apiarist numbers in Australia, and the
understanding that no single species can optimise pollination in all crop types. In this context, access to a more diverse
range of managed plimators is important to protect and futureJNR2 2 ¥ | dza (i NJ-degendendiindusiést A y I (A 2

Flies are the second most important pollinators after bees, but our knowledge of their role in crop pollination is lirdited an
the potential to develop them as managed pollinators is mostly unexplored. Flies offer a good alternative or complementary
option to bees because they occur in many regions and climates, are regular flower visitors and many can be mass reared

This pioneering national project is the first major step towards developing fly pollinators for Australian horticulture, with
teams from Department of Primary Industries and Regional Development (WA), University of Western Australia, University
of New Engind (NSW), Western Sydney University, seedPurity (TAS) and industry stakeholders collaborating to:

Improve understanding of the diversity, importance and habitat needs of fly pollinators in Australian horticulture;
Evaluate efficiency of flies for pollination of model crops;

Develop rearing andeployment protocols for promising fly pollinators; and

Identify habitat augmentation measures to promote beneficial flies in crops.

=A =4 =4 =4

Research conducted on avocados in WA and QLD, berries in NSW and TAS, mangos in QLD and NT and vegetable seed c
in TAS, SA and NSW highlighted the diversity of fly pollinators visiting horticultural crops and their contribution to crop
production. We dentified several Calliphorids (blowflies) and Syrphids (hoverflies) that visited a broad spectrum of crops
in different production regions, performed well in pollinator efficiency evaluations and showed good potential for mass
rearing.

Scalable rearing protocols were developed @alliphora vicinaC.dubia and Eristalis tenaxand these were reared for
evaluation across different crop types. In cage, polytunnel and glasshouseGriasbia C.vicinaand E. tenaxeffectively
pollinated avocados and blueberries, whidetenaxand C. stygigoollinated glasshouse strawberries, aBdtenaxshowed
significant promise as a managed pollinator of blackberries, sweet cherries and vegetable seed crops. Open field
experiments in vegetable sdeand cherry crops (TAS) determined deployment protocols Hortenax,ultimately
demonstrating improved yields from complementary stocking ofenaxand honeybees in both crop types.

t NEGAAAZ2Y 2F KFEOoAGFEG F2NJ Fte LREtAyFG2NRTZ &adzOK lFa (KS
promoted fly pollinator numbers, but this did not always translate to improved yields.

This comprehensive body of work highlights the importance of fly pollinators to Australian horticulture, the opportunity to

develop flies as alternative managed pollinators to complement honeybees, and the importance of conservation and
habitat augmentatio measures to promote wild fly pollinators in agricultural landscapes.

Hort Innovation
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Introduction

Over 80% of the crops around the globe are either dependent on or have their yield enhanced by insect po{kizdion

et al,, 2019) The annual gross economic value of crops requiring pollination services extéiaki #llion in Australia and

is estimated at US$780 billion worldwide(Hafiet al, 2012) Managed and feral European honeybedpié mellifery
provide the vast majority of crop pollination services globally, including in Australia, with >90% of crops that depend on
insect pollination serviced by honeybe@sree, 1993)Managed stingless bees and wild pollinator species provide the
balance of inseemediated crop pollination in Australid’his ovesreliance on a single speciesiries significant risk,
particularly since honeybee populations are under increasing pressure from pests starhoasmite {/arroa destructoyr
andsmallhive beetle Aethina tumidg, as well as other threats including colony collapse disorder, climate change, pesticide
usage and changing land use patte(@sinninghanet al., 2002) For example, the recent arrival edrroa mite in Australia

will inevitably devastate wild honeybee populations and, as a result, substantially impact pollination of someTbisips

likely to significantlyincrease the demand for managed honeybee pollination services in affected poastially
restricting shortto mediumterm availability of hives for pollination. Additionally, the continuing expansion of pollination
dependent industriegClarke and Le Feuvre, 2022pmbined with a decline in apiarist numbers and competing demands
for honeybees for honey production and crop pollination will further exacerbate supply and demand challenges relating to
managed pollinators.

An additional challenge faced by pollinatidependent industries is that honeybees, although generally efficient
pollinators, are not welkuited to all crop types and cropping systems. Attracting and retaining foraging honeybees is
difficult in some crop, while covered cropping systems, for example, can reduce honeybee effifieraryet al.,2019)

Stocking honeybees in these environments can impact colony health and present a significant occupational health and
safety risk for employeedn this context, ensuring access to a more diverse range of managed pollinators and abundant
wild pollinator populations is crucial to protect and futgpeoof pollinationdependent industries.

Flies are one of the most diverse animal groups in the world and the second most important pollinator group after bees
(Free, 1993; Larsoet al,, 2001; Ollertoret al,, 2011; Radeet al., 2020) As pollinators, flies are likely to represent a good
alternative or supplemental option to bees, because different species are present all year round and they frequently visit
flowers to feed on nectar and/or pollen to support key biological functionsidiod flight and reproductiofNorris, 1965)

Being hairy, they also pick up and move pollen from a wide variety of flo{@asertet al, 2016) Fly taxa are highly
variablein body size allowing this tobe matched to the floral morphology of a target crop for pollinationeither via
species selection, or within species by manipulating nutrition of the larval ftegjand and Turner, 2006)n addition,

some fly taxa are easilyjass rearedvith reasonably low inputs, have manageable health and safety requirements, and
present negligible risk of disease transmission to existing managed and wild pollinators when rearedamtdated
conditions. Furthermore, they do not sting farm workers. However, although flies are recognised as being equally efficient
to (or sometimes better than) bees for pollinating some cr@@symanlet al., 2008; Jauker and Wolters, 2008; Albato

al., 2009; Orforcet al,, 2015) and are often responsible for transporting high pollen loads in both natural and modified
systems(Raderet al, 2009; Orfordet al., 2015) large gaps exist in our knowledge of flies in crop pollination and their
potential application as managed crop pollinat¢&symaniet al., 2008)

This pioneering project was undertaken as the first major step towards developing managed fly pollinators as a strategy to
improve pollination outcomes and reduce risks associated with -ealEance on honeybees in pollinatiatependent
horticultural indusries in Australia. It involved a collaboration between Hort Innovation, pollinatigpendent
horticultural industries and fiveesearch organisations with expertise in managed pollination of horticultural crops,
Dipteran entomology and pollination ecolpg

Department of Primary Industries and Regional Development (WA)
University of New England

seedPurity P/L

University of Western Australia

Western Sydney University

SA=Aa=A=Ag

Several participating horticultural businesses were also integral tgtbgect, including South Pacific Seeds, Bejo Seeds
Australiaand their subsidiary business Tasmanian Pollination SenBiel®gical Services, Costa, Reid Fruits, Jasper Farms
Delroy OrchardsAvocado and mango growers in NSW, north Queensland and Northern Territory regions generously
allowed access to their properties to conduct research on wild and managed pollinators.

Hort Innovation
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The broad aims of the project were to:

1. Improve understanding of the diversity, abundance, and lifecycle and habitat requirements of Dipteran pollinators
in horticultural production systems in Australia;

2. Evaluate the efficiency of promising fly pollinator species for pollination of model horticultural crops in protected
and open cropping systems;

3. Model developmental rates and develop rearing protocols for selected fly species displaying potential as managed

pollinators;

Understand dispersal and retention of mass reared flies in model protected and open crops; and

5. Develop simple habitat augmentation strategies to promote beneficial fly numbers in cropping systems.

B

Hort Innovation
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Fly Pollination oAvocads

DPIRD (Western Australia research) and UNE (Queensland research)
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Introduction

Avocadoproduction is rapidly increasing in Australia frat®000 tonnes in 2021f§rmgate value of $48d) to 150,000
tonnes in 2024 (farmgate value of $590M) with total production area continuing to expand (Australian Horticulture
Statistics Handbook 2023/24 Hort Innovation Australka)ocado productioroccurs mainly in Qeensland, northern New
South Wales, the T6tate region and souttvestern Western Australia (>850 growertionally). Avocados require insect
pollinationand although managed honeybees are thest commonly used insect to achieve fruit set, avocado flowers are
not particularlyattractive to honeybeesind no honey product is derived when placed in avocathards(ClarkeandLe
Feuvre, 2022)nsects facilitate avocado pollination, leading to increased fruit production, and yield improvements through
improved pollinationis evidencedDymondet al,, 2021) As withmany insecipollinated crops, avocado yields are at risk
due to widespread pollinator declingBiesmeijeiet al,, 2006; Pottst al., 2010) whichhas intensified the need to identify
alternative insetpollinators

In Australia, various Calliphorid species have been recorded visiting avocado flowers and may play a significant role in thei
pollination (Howlett, 2017; Cooket al., 2020) These includeCalliphora stygia Calliphora augur Calliphora vicina
Chrysomya rufifacied_ucilia sericata, Lucilia cuprin@owlett, 20173nd Chrysomya varipeéVithanage, 1986)Early
findings in this projedidentified that theblow fly Calliphora dubidorages on avocado flowers three times more often than
Calliphora albifrontaliggiven equal access to inflorescences), which may explain their higher pollination rates of Hass
avocados in pairettee enclosuregCooket al., 2023) Both blow fly species improved avocado yield compared to no insect
pollinators, withC. dubigenabling yields up to twhirds of those produced on trees in the orchard (not in enclosures) and
pollinated by managed honeybees.

Orchards typically have Type A (Hass) and TypegB Eelranol, Ettinger) cultivars to promote cressllination and
synchronise flowering of male and female flowers, with Type B trees arourid®of all trees. The literature suggests a
honeybee hive density for avocado pollination ofo23 hives/ha. Increasing hive density from 2 to 3 hives/ha has been
shown to increase average fruit weigfi€eoghet al,, 2010) As few as 2 hives/ha are usedhen there are unmanaged
honeybee populations (feral bees), native bee and blowfly populations available to the g(@asbaldiet al., 2011;
Ostermaret al., 2021) However, the arrival and inevitable spread of varroa mite on the east coast of Australia will eliminate
many feral honeybee colonies and ultimately result in an increasing demand for managed pollination services within the
avocadoindustry. Reliance on pollinatio from wild insects in the orchard is optimistic & abundance of terrestrial

Hort Innovation
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insects is estimated to be declining by around 10% per defdale Klinlet al., 2020; Zattara and Aizen, 2021)

Avocado yields ige many inseepollinatedcropg are being increasingbffected by global pollinator declin@iesmeijer
et al, 2006; Pottet al, 2016) The need to optinse avocadoyields is increasinglynportant as demand for this fruit is
rising with 32.8/1 tonnesproduced from 199§2008and 50.M tonnes from 2009 to 2018lobally(FAO, 2020)In some
avocado growing regions, expansigrhaving adverse environmental impacts (e.g., biodivedstiine, water depletion)
(Magrachand Sanz, 2020hence improvingustainable avocado production is crucial. More recent stukdg@® examined
the impact of either maintaining native vegetatiamound commercial orchards or establishing strips of floweplamts
throughout the orchard. These strategies increas®cado production in trees in Chile most likely dudhe increased
flower visits by flies and other wild insedtdufiozet al,, 2021) The use of wild and managedllinators can supplement
honeybees when other flowers are in bloom at the same time, to reach substantial pollination

Theindustryaverage from a survey of growers is@bybee hive density of 3.5 hives/Hdost (66%) avocado growers are
concerned with the price charged by beekeepers, supply shortages, hive quality and placement of hives within the orchard
(ClarkeandLe Feuvre, 2022 rgent research priorities in relation to pollination are the use of ngtiséinators to fillthe

gap in honeybee availabilitand cost and managing alternate pollinators such as flies.

Methods

Western Australia

Field surveys were conducted across two avocado orchards to detemwhiaieinsect species were visiting avocado flowers.
At 3times during the avocado flowering period, i.e., tfist, third andfifth week of flowering, five (5) trees within the
same rowalong 11 different randomly chosen rows were visually obselwvetth in the morning (080§L200)and the
afternoon (1230;1700). This was done at two avocado orchards (10 km apart near Bussaltestern Australia
OboocnnOMT OpmMpé { = MMpcHP QO p dmc éver the 20YBRANAI20OLS floweyir® iseasbaspA  {
minimum of 2min and up to a maximum of Biin (depending upon thaumbers of insectseen on the tree) was spent on

a single avocado tree visuattpunting the number and species of insects in contact with antdeding on any avocado
flowers. By moving through each quartdgew of the tree in ae direction, this mininged the chances of doublsounting

any insects. Prior to the flower surveys, specimensaifh insect species seen feeding on the flowers were caught and
identified to at least family for photo identification reference guidbsing the transect surveys. Where unknown taxa
were observedduring transect surveys, a coded identification and a representapecimen was collected for later
identification to fly family (accordingp Marshallet al., (2017). Other non-Dipteraninsects foundfeeding on avocado
flowers were also recorded. An entire day of observatioetsveen 8 am and 5 pm was done each week acrosotalzards

and pooled for analysis into frequency of observations.

Queensland

Six(6) field sites were located at four large, commercial farms owned by 4péndy landowners located in the Atherton
Tablelands, Qeensland All farms were located approximately 50 km from MareebBDQvere located at least 50
apartandd NBE g O2YYSNOALFT | @20 R2 (GNBS& 60dzZ GABFNY W{KSLI NRQ
eitherthe farm owners or managers. All farms brought managed honeybees into fields to perform pollination services.

To identify the abundance and diversity of insects visiting avocado flowers, visitation surveys were conducted at six field
sites selected across the four farms for a total of two to three days (at each site) ffohugust 2022 to 25 August 2022

(peak bloom). Surveys were carried out on days with no rainvemeh temperatures were at least 15°C. Temperature,
relative humidity(RH) and wind speed were recorded from nearby weather stations before each survey was conducted.
For consistency, surveys were conducted along twanlt@ansects: one along the edge of the avocado orchards and an
additional walk towards the middle (> 30 within orchard rows). All transects were conducted walking slowly (one min
per m) while looking at one row of avocado trees, with the observer looking for insects on flowers onlyrdwam ¢pvel

to a height of 2n. Edge and middle transect walks were at leastb@part. Insects were collected in the field for
identification using keys or expert aid.
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Avocado Tree Enclosure Studies

Six avocado tree enclosure studies testilifferent fly speciegability to pollinate Hass flowers were carried out from 2018

2024 (inclusive. The first two enclosure studies looking at the pollination ability of the endemic western gblaiesd
blowfly C albifrontalisand the western bludodied blowflyC dubiawere tested vithin paired tree enclosured={gurel,

a). The paired enclosures were spread throughout the orchard where a Type A Hass tree was enclosed alongside a Type
polliniser tree (Ettingeor Edranag) (Figurel, b).

Figurel: a) Pairedtree enclosures of Hass and Ettinger avocado treeb) distribution throughout the orchard ¢) multi-
tree enclosures, Busseltopnand d) Pemberton

The third year(2020)of avocado tree enclosure studies looked at udarger mesh enclosures to give the trials a more
YSIYyAy3TFdzZ NBadzZ 6 6AGK 020K | avylrtt WwWydzOQ KA@S 2F 6SS
that covered 21 avocado trees (19 Hass and 2 Ettinger) (30m wide x 33m long enclésguesl, ¢). This methodology
avoided the issue of trees in paired enclosures pushing up against the mesh sides of the enclosure and allowed the flie:
released into each enclosure the ability to forage amongst multiple trees. In addition, two trials sites wellsksthlone

at Ruabon (Jasper Farms, Busselton) and Delroy Orchards (Pemberton).

The fourth yea 2021) of avocado tree enclosure studiesedthe same large mesh enclosures as in 2020, except that the
avocado tree planting density was doubled at the Ruabon Farm site (Buss&hih.cluded39 avocado trees (spanning

3 rows), with 36 Hass (Type A) and 3 Ettinger (Type B) trees in the middle row within each of the 3 large erf€iggtees (
1,¢). The fly species released into each of two separate enclosuresGveieiaandC. vicingEuropean blue bottle blowfly)
0KFdG 6Fa AYOGNBRdAzZOSR Ayid2 ! dZAGNIfAlI Ay GKS SIFENIeé& mpnnQa
worldwide (Figure2). At Pemberton, 12 Hass trees were enclosed within -pritpf mesh enclosureHgurel, d) and 3
separate enclosures contained eith@r vicinaC. dubisor a small hive of bees.
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Tablel below provides a summary of the enclosure trials carried out during each flowering season imsstWestern
Australia (SepNov) on avocado orchardand Figure2 provides a snapshot of all the fly species tested on their ability to
pollinate Hass avocado flowers to produce fruit.

Table 1: Site and year of enclosure trials assessing different fly pollination specie€élliphora albifrontalis (C. alb),
Calliphora dubia, Calliphora vicinaand Eristalis tenax with predicted (italicised) and actual numbers of adult flies in
each enclosure compared to honeybeesApis mellifera) and open pollination treatments (control; honeybees and
other insects) in avocado orchards in the souttvest of Western Australia.

. Insect Pollinator Species within Enclosures
Site Year Open

A. mellifera  C. albi C. dubia C. vicina E. tenax

Fledicted a5k 150ftree 5k 10k 5k 10k 5k
Busselton 2018 X - 104
Busselton 2019 X - 250
Busselton 2020 X 45k
Busselton 2021 X a5k 2,637 - 3,046 -
Pemberton 2021 X 45Kk - 3,244 - -
Capel 2022 X - 3,899 7,899 -
Capel 2023 X - 11,050 9,783 3,532

X = All insects including managed bees in the open orchard.
5k =5,000; 10k = 10,000 and 15k = 15,000 adult flies released in the enclosures.
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Figure2: The fly species tested for their abilityto pollinate Hass avocados in either pairedree enclosures or mult
tree enclosures in orchards in southwestern Australia. Top L =Calliphora albifrontalis (Sheep blowly); Second Row
= Calliphora dubia(Australian sheep blowfly) Third Row =Calliphora vicina(Bluebottle fly), Bottom Row =Eristalis
tenax (Drone fly) All photos were taken by David F Cook except for Top C. (albifrontalis adult taken by Lochman
Transparencies) and Bottom LE. tenaxadult taken by Matthew O'Donnell).
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Results

Floral Visitation Qurveys

Western Australia

The first year of surveys (2018 flowering season) and monitoring insects visiting and feeding on avocado flowers showec
that most avocado flowers were visited by lovebuBibio imitatol) (Figure 3. The hoverflySphaerophoria macrogastés

5mm) was the next most prevalent visitor followed by the blowdly vicina The second year of surveys (2019) and
monitoring of insects visiting avocado showed a shift from mostly bibionids in 2018 to mostly hoverflies and the two
blowfliesC. albifrontalisand C.vicina(Figure3). Hoverflies were found mostly feeding @wocado flowers in the morning

whilst the blowflies €. albifrontalisand C. vicindfed in the afternoon

2018 2019

50

40

10 II
0

Proportion (%) of floral visitonger year
b

bibionids

hover flies

C. vicina

C. slbifrontalis

tachinids

cerambycids and coccinelids

damsel and dragonflies P
Em

:—]--—_-.

L N B

Figure3: The proportion(%)of avocado flowers visited bynsects (both dipteran and nordipteran and excluding bees)
in orchards in southwestern WA during the 2018 and 2019 flowering seasons.
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Figure 4: A pie chart representation of the insects found feeding on avocado flowers across an orchard in both the
morning (LHS) and afternoon (RHS).
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Duringthe flowering season of 2020, both sites were dominated by hoverflies (>50% of all insect visits to flowers), which
appeared in enormous numbers across the entire seutist of WA. The 3 species of hoverfly thatre predominantly
recordedwere Melangyna viridicepsSimosyrphus grandicorraad Sphaerophoria macrogastéfigure5s).

Figure 5: The 3 dominant hover fly species throughout soutwvest WA in the 2020 flowering season, from L to R,
Melangyna viridiceps, Simosyrphus grandicorniand Sphaerophoria macrogastemwith approximate size indicated.

Queensland

Ly dG2d0Ff3x cddp FE2NI€

GAAAGI GAZY

NI yasod
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omMc dp

observed, we identified 22 taxa (12 species and 10 morphospecies) from nine insect fahailiEe2). Two species of
honeybees were observed visiting avocado, including the European honeypiseelliferjand the Asian honeybedgis

cerang. The three most common species seen visiting avocado flowers Avarellifera(100 + honeybees in total; the

rhinid fly, Stomorhina discoldi50 to 100 flies in total; and the syrphid f§imosyrphus grandicorniS0 to 100 flies in total)

(Figureb).

Table 2: Relative insect abundance of insect flower visitors recorded on avocado trees during peak bloom in the
Atherton Tablelands, Queensland. Insects were identified to the lowest practical taxonomic level and sorted by
pollinator group.

Order Family Genus Species Abundance
0-50 | 50-100 | 100 +

Diptera Rhinidae Stomorhina | discolor n

Diptera Rhinidae Stomorhina | xanthogaster | n

Diptera Calliphoridae Chrysomya | saffrenea n

Diptera Calliphoridae Chrysomya | flavifrons n

Diptera Syrphidae Syritta luteinervis n

Diptera Syrphidae Simosyrphus | grandicornis n

Diptera Syrphidae Simosyrphus | bengalensis | n

Diptera Syrphidae Eristalinus punctulatus | n
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Diptera Syrphidae Melangyna | viridiceps
Diptera Tachinidae (Phasiini) sp. 1
Diptera Tachinidae (Goniinae sp.
Diptera Tachinidae Euvespivora | sp.
Diptera Tachinidae Chaetoria sp.
Diptera Sarcophagidae Sarcophaga | sp.
Diptera Milichiidae sp.
Hymenoptera| Apidae Apis mellifera
Hymenoptera| Apidae Apis cerana
Hymenoptera| Apidae Tetragonula | carbonaria
Hymenoptera| Halictidae Homalictus | sp.
Hymenoptera| Halictidae Lipotriches sp.
Hymenoptera| Pteromalidae sp.
Hymenoptera| Formicidae Iridomyrmex | sp.

Figure 6: Common insect flowervisitors of avocado in the Atherton Tablelands, Queenslanda) the European
honeybee @Apis mellifera (Apidae) and (b) the snoutnosed fly Stomorhina discolor(Rhinnidae). Photos taken by Abby

E. Davis.
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Pollinator Efficiency Trials (WA)
Trial # 1 (2018)

The first field trial showed that the blowflg. albifrontalisvas able to pollinate avocados compared with insects being
SEOf dZRSR® ¢NBS& 6KSNB AyasSoia ¢S NBVhénHeh bpeaRiS heesammd My otded NB
insects present, 254 fruit were produced by each Hass tree. The trees enclosdd. wltiifrontaliflies produced a mean

of 46 fruit, with as many as 107 fruit on one trdgédure7). After flowering had endedthe number of pupae that were
GaALISYyiGE O6APSDPEI gKSNB GKS | RdA G Fte KIFIR adz00SaafdzZte Sy
did not emerge as they were parasitised by mibganmenopteran insects (evident from small hole drilletbithe side of

the pupal casefFigure 8. This can be eliminated in any future releases by placing the pupae in the enclosures when only
2-3 days away from adult emergence, where snlasitic wasps are unable to kill the adult fly within the pupal case.

Fruitlet Count Final Fruit Harvest
Sw . .
] Open pollination
E:
s
2 0
° Mean Open pollination
®
3 200
>
S Flies onl Fli I
S ies on -
% 100 v Y L
° '
0 ———————
No Insects No Insects

Figure 7: Mean number of fruitlets and final fruit harvest of Hass avocados when paired in fiyroof enclosures with
either no insects present orC. albifrontalis flies compared with trees in the open pollinated bymanaged bees and
other naturally occurring insect pollinators

Figure 8: The microhymenopteran parasitic waspTachinaephagus zealandicugleft) and the exit hole left on afly
(right), source:https://doi.org/10.1590/1519 -£6984.21214)
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Trial #2 (2019)

The second field tridruitlet counts were significantly different between all 3 treatmen. @lbifrontalis C. dubiaand

Open but there was no significant difference between treatments at final fruit harvest. When comparing each treatment
mean, fruitlet counts were significantly higher in Open pollinated trees compared with@adtbifrontali{q = 6.273) and

C. dubiabut no different between fly specigBigure9).

Fruitlet count Final Fruit Harvest
180 - Open Pollination Fruit Drop
160
140 l
120 -
100 -

Open Pollination

80
:
: N
- _1
I | | ]

C.albifrontalis C.dubia C.albifrontalis C.dubia

No. of Avocado Fruitlets/Tree

Figure 9: Mean number of fruitlets and mature fruit of Hass avocados when paired in figroof enclosures with either
C. albifrontalisor C. dubiaflies compared with trees in the open pollinated by bees in the orchard

Trial #3 (2020)

CKAAa FE26SNAYy3I aSlazy ¢l a aiavLie | O2YLI NRazy o0SiGeSSy
and trees pollinated in the open by bees and any other insects present in the orchard during flowering. There was a massive
influx of smalhoveiflies, which resulted in higher fruit production than usual in trees in the open orchard compared with
trees enclosed with a small hive of bg@sgurel0). Trial sites were at both Busselton and Pemberton orchards.

Open
Bees

Bees

200
Open

Mean # of Fruitlets/tree

Pemberton Busselton

Figurel0:Mean number of Hass fruitlets within enclosures wi
pollinated by managed beehives and all other insects in the orchard at both Pemberton and Busselton.
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Trial #4 (2021)

Fruitlet counts showed that. vicingollinated equivalent numbers of flowers when compared with open pollinated trees
(pollinatedby bees and @y otherinsects in the orchardds seen in Table Persistent cold and rainy periods significantly
reducedthe emergence ofC. dubiaadults when left in the enclosures in the pupal stage, resultin# less adult.dubia
versusadult C.vicinain their enclosurs. When correcting for the lower numbef C. dubidn the enclosure so that they
were equivalent to the number . vicinathen their pollination success was slightly more than open pollinated téges.
Busselton, a higher pollination rate within the bee enclosure compared to both fly and open pollination treatments was
likely dueto the thermal effect of the nettingincreasing enclosureemperatures and promoting a wider tirqgeriod of

bee foraging relative to open pollination. Within the enclosure, bees were limited to the trees available withinthodtw

the issue of competing bloom (as opposed to bees foraging in the opdrard treatment). Further, the shorter foraging
distances from the hive within the enclosure compared to the position of the hives servicing the open pollination treatment
may have contributed to the higher pollination observed.

At Pemberton fruitlet countsin late January 2022 showed th&. dubidflies pollinated the most flowers, with fruit yield
almost twice that of the open pollination treatment, which were pollinated by bees and other insects in the orchard.
Pollination success by bees in the enclosure was slightly higher than pollinatiessweithinthe open treatment. In
contrast,C. vicingollinated around threequartersof the number of flowers than were pollinated in the open. Due to the
lower number of trees assesd at this site, the treatment groups were ngignificantly different when statistical analyses
were performed on the data (e.g. OperCv vicinasr honeybees).

At either field site, the fly specie€, vicina(Busselton) an€. dubigPemberton) were capable of pollinating avocados at a
level equivalent to or higher than that accomplished by beehives placed in the orchard. The 2021 flowering season was
particularly coldand wet conditiongersistedat both sites before and after flowering, pushing the start of flowering later

than usual and resulting in lower than usyellination events aboth sites.

Both C. vicinaand C. dubiaspend an average of 3&conddeeding on each flower they visit, whichasignificant amount
of time in contact with the flower and stigma, which would rub againstvhetral surface of the flies during feeding. By
comparison, honeybees visil flowers at the same site for an average o6 Seonds. Single isit pollen deposition data
was collected during the 2021 avocado flowering season at both Busselton and Pemberton orChHigisora vicina
adults transferred the highest number of pollen grains in a single flower visit (tait&s(yisit) followed by honeybee#\(
melliferg) (1.43 grains/visit) an@ dubia(1.12 grains/visit)The two hoverfly speciddelangyna viridicepand Simosyrphus
grandicornidgransferred < 1 pollen grain per flower vifitigurell).
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Fly Species
Melangyna viridiceps | |———
Simosyrphus grandicornis | |——
Calliphora albifrontalis | |———
Calliphoradubia | }———
Calliphora vicina |
Apis mellifera —

0.00 050 1.00 150 2.00 250 3.00
Mean Pollen Grains (SVD)

Figure 11: Single visit deposition of pollen grains by a range of fly species along with honeybees regularly found
visiting avocado flowers in orchards in the soutivest of WA (Data supplied by Sunil Shivananjappa, UWA).

Trial #5 (202)

Fruitlet count data showed that doubling the fly density®fvicingTable 3adults resulted in significantly higher avocado
LR2ftAYFGA2Y 6Fa YSIadaNBR o0& FNHAGE SGa F2NYSROS K2gSOSN
with the emergence of all the adull. dubian each of the two enclosures they were placed in resulted in flies with crumpled
wings, due to the extreme cold and high humidity. This highlighted the need for all future fly releases to be of only newly
emerged adults. At final harvest, the number ofif from trees enclosed with 10,0004 ofC. vicinavas twothirds the

number produced by trees in the Open orchard pollinatedhmneybees. The weight of the fruit harvested in each
treatment indicated fruit was significantly bigger in trees placed with 5000icinahan in trees placed with 10,000.

vicing which were also bigger than fruit produced in the open orchard (i.e spodienated).

Trial #6 (2023)

All 3 fly species were able to effect significant fruit formatiparticularly thenewly assessethoverfly (Eristalistenax). Of

the three fly species, trees in the tenaxenclosures hadearly twice as manfruitlets formed compared with honeybee
pollinated trees(Table3) while trees enclosed witk dubiaproduced 30% more fruit when compared with trees in the
open pollinated by bees. The 2023 flowering period wasnusually warm and dry spring, which did not suit the blow fly

C. vicinawhich prefers cooler climatic conditions. In addition, there were very few insects seen in the avocado orchard
during flowering, which indicates that any pollination by wild insects is declinavgaregularly reported event worldwide,

with a decline in both biodiversity and abundance of insects in many agriculturdligtion settings. This emphasisthe

need for the use of fly pollination agents to support and boost honeybee pollination to secure pollination into the future.

Eristalistenaxresulted in the highest mature fruit yield (73.0 £ 9.4), outperformthgdubia62.0 + 10.8]18% increase),
open pollinated trees (48.5 + 8.(50% increase) and. vicing27.4 + 4.3)Table 3. This trend was also reflected in mature
avocado fruit weights, wherg&. tenaxpollinated fruit was the heaviest compared to open pollination and calliphorid fly
species tested(. dubiaandC. vicind Table 3also shows thaE. tenapollinated trees had the highest fruit yield/tree (18.4

+ 2.4 lg/tree) surpassing. dubig16.2 £ 2.5 kg/tree), open pollination (12.5 + 1.9 kg/tree) @ndicing8.2 + 1.3 kg/tree),
respectively.
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Eristalis tenayproduced the highest number of avocado fruit per tree (73.0), significaptty d.05) outperforming open
pollination (50.5)C. vicing27.0),C. dubia25.4) and bees (22.2). However, there was no significant differgneed(05)
betweenC. vicinaC. dubieand bees. Moreover, treatments (fly species and open pollination), fly density, site, and year as
well as their interactions were all highly significgm&(0.05) except the interaction between fly density and site, which was
found nm-significant E= 1.711,df = 1, andp = 0.182) Table 3. A fly density of 10,000 adults yielded significantly more
avocado fruits (69.2) than 15,000 (43.2) and 5,000 flies (2f.5)Q.05), suggesting 10,000 adult flies as an optimal fly

density for avocado pollination.

Table3: Mean number of avocado fruitlets (+ s.e.) veeks after flowering had ended and mature fruit at harvest for
each treatment at each trial site by year onavocado orchards in the southwest of Western Australia. WP = Wild
pollinator insects in the orchard.

Number of Number of Fruit yield
Site Year Treatment Density (#) fruitlets mature fruits (kgftree)
(meants.e) (meants.e) (mean £ s.e)

Open Bees + WP 14+ 3.7 17 +3.7 42+09

Bees 5,000 32+4.8 22+3.0 48+0.6
Busselton 2021 ]

C. dubia 5,000 6+15 5+1.0 1.4+0.3

C.vicina 5,000 15+3.5 12+2.7 2.8+0.6

Open Bees + WP 43.8+8.21 69.2+£10.09 19.6+238

Bees 5,000 57.2+15.28 629+17.78 14.4+3.9
Pemberton 2021 . 124.3 +

C. dubia 10,000 79.9 + 20.09 26.3+4.5

25.19

C.vicina 10,000 30.1 £6.09 20.5+4.86 48+1.2

Open Bees + WP 249 +22.9 113 +11.7 22.0+4.6
Capel 2022 C.vicina 10,000 64 +12.6 69 + 10.9 19.0+5.8

C.vicina 5,000 12+3.8 9+28 12.0+3.9

Open Bees + WP 48 £6.0 48.5 + 8.08 12.50 +1.88

C. dubia 15,000 69 +11.7 62.0£10.80 16.02 +2.49
Capel 2023 -

C.vicina 15,000 31+4.8 28.8 £ 4.27 8.22 +1.35

E.tenax 5,000 80+11.8 73.0+9.44 18.41 +2.36
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Fly Pollination oBlueberry,Raspberry and
Blackberry

University of New EnglandeedPurityand DPIRD

Romina Ragr, Abby DavisLena Schmidt, Jelena Preradovic and Karen Sa@toweron Spurr anRaylea Rowbottom
David Cooland Shoaib Tufall

Introduction

Berries are grown yeaound in Australia, with peak production froApril to Septembein New South Walesand extended
harvestsfrom Novemberg Marchduring cooler months iTfasmanigHort Innovations, 20245ince 2Q7/18, Rubuderry
productiort mainly raspberries and blackberrietias more than doubled, now exceedit§,386tonnes annually and
valued at over $20.3million (HortInnovations, 2024)n 2024/25 blueberry production exceeded 27,000 tonnes annually
and was valued at over $500 million.

Ly ZWORAL GSR L2t f AY lwadbyEiAKzA ( 6 SHNB RSB 2R LDt Ay 62N RSLISY |
Odzt & @ NJ A(endalfetdalS BOSOYINE Kz A& 6 SNI O2gnplnA Y& aph daz yR AF Sy2d
LREEAYFGSRE (KSy GKS b 272NN SR {13 FRGAES 30 FANGGA2E @y 2 TRIKE {f S35 868
AyasSohda | INBt 53 KNGHERNGENG {20 2 YD mepgpNb e LI2EfAYyFGISR FNHAGA
GKFG FEAE G2 Fdzas$ Ayid2 + aay3atsS O02KSaA@S FTNHAGEI NEad# o
FYR YA&aaKIl LISyS Rd6a SSRUAAFSNDIIA A o { §Xahaiid 1. RS yrai K SINJI dF/1YD (N NG
3SySa0azr GSYLISNY GdzNB3X KdzYARAGEI | yR GAMNartinetalyEFAmekygnd O
Reineke, 2019; Edgley al, 2020JK 2 6 S@OSNE f2¢ LR{f Ayl 02N | Oa@Alieé Aa 2DSy
I NB Ayl RSljdza 6§So

wdzo 0ZANNE LINRPRdzOe 2y FNBIjdzSyiGfte SyO2dzyiSNA LR{ftAYylazy Ol
I O PG WD Odzt NI 8 ¢ KSy GSYLISNI (i diN@odsetlaiN®OSIh2 2 KKR28> A D& 6z83 P
LINR ¥ 2 dzy OS R FSdzNiR2yy3 LINENIdED S O FY o Rt 2 5 S NX | & Y Iy AF-NeB Sd KAS/NES ORNE
OFy LINB@Syil K2ySeoSSa TNRY beAy3add DAGSY (KS I[FdR oW dzaadzaNg
ONRLEEZ GKSNB Aa | ySSR (G2 SELX 2NB It GSNYlFa@dS LREtAYI G2
0SSaz Ylyeée beée &aLISOASaA | NB Y2 NRBnoiyeet & 10015)iy R FYIOR 26 SND GHNE M
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LINE BARS LIt f Ayl o 28yS a3SNIA26NT GLKZBANENRIG BRA S R &b &

The aim of this research was to 1) trial two species of managed Hrestglis tenaxand Calliphora styginfor pollinating
blackberries and raspberries (NSW), 2) understand the impact of tunnel environment on fly dispersal in an enclosed systerr
(TAS) and 3) compare fly and bee efficiency in blueberry tunnel production (WA).

Methods

Cage trials were used to determine fly pollinator efficiency. All trials were conduttedeslarge commercial berry farm
(Costa Exchange Grouph the Mid North Coast region of New South Wales (29°59'13.2"S 153°08'23.6"E). At this site,
Rubusherries are produceth polytunnels formost of the yearWe usedcage trialgo measure the pollination efficiency

of flies and compared them to open field conditions where flowers are visited by two common bee pollinatrs, th
European honeybeed( mellifera Figurel2, a) andthe Australian native stingless bed,. (carbonariaFigurel2, b). The

two fly species tested in cages weteetAustralasiarbrown blowfly C. stygiaFigurel2 c), and theEuropean drone flyH.

tenax Figurel2, d). We observed flower visits by flies and bees and meassimglevisits (ne insectvisit to a flower
before measuring fruit weight) and unlimited visib a flower before measuring fruit weigh@ge trialswere conducted

in the austral autumn and wintenonthsin 2020 and 2022 for blackberry, and 2021 and 2022 for raspkeaspberryand
blackberryare grown inpolytunnelsat this location. Plantarere cagedn two different blocks for fly pollination triakg =

19 cages in total). The cages (2m x 0.5m x 2m) were built out of flexible conduit piping (Deta Electrical, Scoreshy, Vic, Al
and 2 mm x 1.5 mm crosgoven aperture inseeproof netting (Bunnings, Burnley, VIC, AU). The number of cage replicates
built over the two crops varied with the year of data collection due to C&¥IBavel restrictions and the availability to
source tte pollinators tested.

9 dzNR LISt y KR2SHE&0 S G NP RdzOSR F2NJ adl yRFNR 2NOKIFNR YIyl3asSy
KA@Sa LISNI KSOigp WBY FNRY LEIKESNER @ind O 2D 130 NA [d &3¢ KoSS NBS NIFS2AN
2T OF NOI2%y INRESaaSR | a A& 66 A0 KINBRABYASR (10 6 &8Sa adNBdzaKid
60SSa t20Ftfe FT2dzy R ¢ A @ KR ¢t/ 2 &ISA S BEINBIBINI dZIENDO KI2E SR yIF & 2 N
LI2NIFofS YSaK BlIAdsadvani® SYSNHS LISNI adzLJLd A SNJ Ay aid NHzOe 2
b &5d GLSIUIES 6 SNB 42 dzNDODSR & AR NHEB & S Rt yiilNA Ay aiheed & Aifigooy . 2 4 |
ALISOASE 0SB oISCI dzA NISRF 2WE ONR L) 60f22Y G2 Syadz2NBE aYSte Svy
OF 3Sa O0F2NJ dzLJ (G2 F2dzNJ RIoe2daa Kk G0KS § AdeStataSyiie®2 o GSNI | yR &
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Figure 12: Managed pollinators used in experimental trials to gather Rubus pollination efficiency metrics: a) the
European honeybeeApis mellifera Linnaeus, 1758, visiting a blackberry Rubus fruticosusL.) flower, b) Australian
stingless bees, Tetragonula carbonariaSmith, 1854, visiting a blackberry flower, c) Australasian brown blowfly,
Calliphora stygia(Fabricius, 1781), visiting a blackberry flower, and d) European drone fligristalis tenax(Linnaeus,
1758), visiting a raspberry Rubus ideausL.) flower. All photos taken by Abby E. Davis.

The flyE. tenaxwas stocked at 10 flies per plant (20 for blackberry, 30 for raspberry), ®hgeygiavas stocked at higher
ratest 75 flies per plant (150 for blackberry, 225 for raspbarrgased on preliminary trials showing lower visitation rates.
Once released into cages, flies were not supplemented with food or wataitswere harvested when ripe (% weeks
after flowering) and weighed within 24 hours using a 0.01g precision scale.

Enclosed Polytunnel Trials (TAS)

To testthe efficiency ofE. tenaxXor springtimeblackbery pollination we enclosed a 376htunnel at Costa farms, Dunorlan,
¢ravYlyAl of&c mdpQe @ivehkedtdoaf nettingand stockedhe tunnelwith flies during floweing
(Octoberg November 2022). We starteat 8 flies/n? in early flower andncrea®d the stocking ratéo 30 flies/n? during
peak bloom. To assess the impacts of tunnel environment on fly dispersal and actiityeofaxwe conducted weekly
surveys along 15 transtcthroughout the tunnein which the number of foraging flies in each transect were counted.
urveyswere alsoscoredin an adjacent, open tunnel pollinated by honeybees. 8mpared the pollination efficiency of
E. tenaxwith open pollinata by taggng flowers over 5 daysthroughout the flowering periodin both the enclosedfly)
tunnel and an adjacent opefihoneybee)pollinated tunnel.ln each tunneltaggedflowers were either insect pollinated,
seltpollinated (flowers were bagged using fine m&® ¢ S ha§shpdivéto receptivitwhich were removed after flowering
to allow fruit development) or hand pollinated to demonstrate maximum fruit s@there were200 tagged flowrs per
treatment in each tunnel.

BlueberryGasshouselrials (WA)
Trial 1:Calliphora albifrontalisvs no flies

This experiment examined the ability of the western goldhaired blowfly, Calliphora albifrontalidMalloch (1932) to
pollinate southern highbush blueberry (corymbosunimybrid, variety 817) (Figure 13a and cland improve berry yield
(number and average weight). This fly is endemic to the saght of WA, is large and hairffigure 13b and g and is

often seen feeding on flowers in native bushland. For these reasons, it was considered a suitable fly to pollinate blueberry
flowers.
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Blueberry bushes (n=18) in 45L pulgaved bags (southern highbush) were moved from a commebtiaberry
production site into 2 adjacent glasshouses (9 bushes in each)®duiie 2018 at DPIRD, South Perth, WA. The bushes
were harvested the following day and two to three times every week thereafter uhtil@ember (150 days or 21 weeks).
Temperature and humidity were recorded during the trial duration using data loggers within each house. Two identical
guarantine insectary glasshouses (Z8mere use to house each of 9 blueberry bushes set up on a daily irrigation schedule
of 2.5L- 4.0L/plant/day over 8.0 waterings with a leaching fraction of-30% of applied volume on the advice of the
commercial producer. This was to keep the EC at 3¢g®000microsiemens per cm. Sulphate of ammoniasapplied
fortnightly to keep the soil pH at around 4.5. Each glasshouse had the air temperature controlled to maintain temperatures
between 10° to 30°C (night/day), which dataloggers placed in each glasshaismed along with a relative humidity of
35-80% over the 24veek trial duration.

A laboratory colony o€alliphora albifrontalisvere reared through to the pupal stage (F3 generation) and 1,000 pupae
placed under a 5cm bed of vermiculite into Glasshouse #1 (GH1) several days prior to adult emergence. Once all the adu
blowflies had emerged in the glasshouse, spent pupal cases aeerged to determine the exact number of flies in the
house. Releases of 500 blowflies were then repeated every 4 weeks thereafter. The 9 blueberry bushes in Glasshouse #
(GH2) had no insects in the houseepthe trial duration. The only source of sugar for the blowflies was from the blueberry
flowers themselves; there was ample water leaching from the bottom of the plant bags after each irrigation to provide the
flies with water. The number of blowflies eglsed was based on the number of bees used in commercial blueberry
production. The recommended rate ofi® hives/ha translates into 360,0€150,000 bees/ha (assuming 45,000 bees/hive).

The density of blueberry plants under commercial production is 3,680t@ha, which equates to 400,000/3,600 or 111
bees/plant. Therefore the equivalent number of blowflies to release with 9 plants was 111 x 9 or 999 flies.

Trial 2:Calliphora albifrontalisvs Calliphora dubia

A second blueberry pollination trial in the same quarantine glasshouse facilities was established in June 2019. This tria
compared Calliphora albifrontaliswith a blowfly endemic to mainland Australia (the western bheglied blowfly
(Calliphora dubig (Figure 14. As in the previous trial, blueberry bushes (n=8) were placed in the glasshouses and either
had C. albifrontalisor C. dubiaadult flies released over 5 months with blueberry yield per bush (weight and number)
recorded twice weekly

The yield from southern highbush blueberry plantag¢cinium corymbosutmybrid) sourced from a commercial blueberry
farm was recorded twice weekly from 8 blueberry bushes in each of 2 quarantine glassharsefouse had adults of
the blowfly C. albifrontalisand the other house adults of the blowf§. dubia Each house had adult blowflies in with the
bushes over 5 monthghe time from a flower being open till it is a mature berry ready to harvest is 2.5 months.

Data Collection for both trials

1) Adult Fly Mortality:A record of any dead flies within GH1 was kept to determine how @nalbifrontalisadults can
every 4 weeks to maintain a total house number of between 1;00000 flies. Fly releases were made 28" June (230
flies); 8" July (500 flies); 8July (493 flies); #3Aug (471 flies); 30Aug (500 flies) and ¥7Oct (581 flies).

2) Effect of Water Leachate on Adult Fly Survival: & YLX S 2F GKS € SIFOKIFGS FTNRY (KS
at 1,200 microsiemens/decimetre and placed in with some newly emerged @dltiifrontalis(100/cage) to see if the salt
content in the leachate or any other component could affect adult fly survival compared with fresh, distilled water.

3) Number of Open FlowersThe number of open flowers on each blueberry bush were counted on thad@g and the
2nd 5h 12 19" and 28" July to indicate how many flowers were available to the adult flies as a source of sugar, which is
essential to their survival.

4)Blueberry YieldOver a total of 46 harvest dates, the mature berry yield from each individual plant was recorded at every
harvest (total fruit weight and number of berries) from the 9 plants in each glasshouse.
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Figure 13: a) Blueberry bushes in flower in quarantine glasshouses (insect proof) and Galliphora albifrontalis flies
visiting flowers

Figure 14: An adult Calliphora albifrontalis (a) and an adultCalliphora dubia(b) in blueberry pollination trials
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Results andiscussion

In blackberry cage trials, total of 162fruits were harvested across all singlesit treatment groups. Fruits that resulted
from handpollinated flowers were heavier than those pollinated once by insects or left teps#ihate (Figure 1% Hand

and bee pollinated fruits had similar weightsuggesting tha#. melliferahoneybeesandT. carbonarisstinglesbees were
highly effective at transferring pollen to flowers in one widike the amount of pollen delivered to flowers in hand
pollination treatments. Further, selind fly pollinated fruits had similar weights, suggesting that flies may transfer less
pollen per visit, more lie natural selpollination outcomes.Kigure 1%. Beepollinated fruits, howeverwere 48.1% heavier
than those visited once by flierther indicating thatbeesmay be more efficient at transferring blackberry pollen in one
single visit compared to fliedzruits that seHpollinated without insect help were the smallest, showing that insect
pollination is essential fanigh-quality blackberryfruits.

Bees Flies Hand Self
Pollinator treatment

A N e W

w

Fruit weight (g)
B

w

Figure 15: Mean blackberry fruit (+ SE) weight (g) after ongisit to a blackberry flower by pollinator treatments.
Pollinator treatments included a combination of managed bees Apis mellifera and Tetragonula carbonarid,
managed flies Eristalis tenaxand Calliphora stygig, handpollination, and selfpollination.

Inraspberrycage trialsfruits pollinated once by insectseighed more than fruits that were hangbllinated orleft to self
pollinate (Figure 16. Fruits visited once by bees weld.6% heavieron averagethan those visited once by fliebut
ultimately singlevisit fruit size was similar between both insect pollinator gro(iigure 16, suggesting that both bees and
flies may deposit similar numbers of pollen grains onto raspberry flowers in one visit. Fruits that were |efiptollgedte
werethe gnallest in size and tended to form crumbly berries, showing ihseéct pollination is essenti& produce high

quality raspberry fruits.
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Figure 16: Mean raspberry fruit (+ SE) weight (g) after one visit to #ower by pollinator treatments. Pollinator
treatments included a combination of managed bees Apis mellifera and Tetragonula carbonaria),managed flies
(Eristalis tenaxand Calliphora stygig, handpollination, and selfpollination.

For bothraspberry and blackberry, allowing managed flies to visit flowers multiple times resulted in heavier fruit than just

a single visitRigure 1J. On average, raspberry flowers visited an unlimited number of times by flies produced nearly 20%
heavier fruits than those visited once, and blackberries were over 60% heavier. This shows that repeated visits by flies car
significantly improve fruit sizehighlighting the value of maintaining high pollinator activity during flowering.
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Figure17: Mean (+ SE)raspberry and blackberry( 6 C rfroitvéight (g) by a combination of managedflies (Eristalis
tenaxand Calliphoriastygiga f t er one vi si t ( 6 s Rubysflogdis)withinrcagesimlthe fieid.t e d v i
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Enclosed Polytunnel Trials (TAS)

This experimentlemonstrated that. tenaxs a highly effectivelackberrypollinatorboth in terms of fruit set and foraging
activity throughout the tunnelin general E. tenaxdispersecevenly throughout the tunnehowever, foragingactivity was
greatestat all transect locationsn the northern side of th@lants.Activity rangedfrom 15.1% to 162.9%mean =64.4%)
(Figure 18. Thiswas driven both by flower abundance and environmental factdherewas little evidencef fly mortality

over the5-week flowering periodFruit pollinated solely bi. tenaxwas 12% heavier on average than open pollinated fruit
(honeybees)FRigure 19. The stocking rateused in this trial (fron8 flies/m? in early flowerto 30flies/m? at peak bloon)

were adequate to pollinate blackberriegruit quality (shape) assessments based on a standardised criteria used by the
industry partner was consistently better for flowgsllinated byE. tenaxhan open(honeybee)pollinated fruit.

Foraginge. tenax Plant

2.5
2.0
15
1.0
0.5
0.0

5<E74»N

Figure 18: Mean distribution of Eristalis tenax (foraging flies perplant) within an enclosed blackberry tunnel. Each
location features two bars representing surveys conducted on the northern and southern sides of the row, respectively,
as indicated by the compass

Hort Innovation

35



Final report¢ Managing Flies for Crop Rimation

14 ¢
12 -
10 -
& 87
g
6_
4_
5 4
L
B C E HP
Tt

Figure 19: Distribution of blackberry fruit weight (g) between the different treatmentsn the Tasmanian trial Bd Apis
mellifera, C& control, Ed Eristalis tenaxand HPd hand pollination.

BlueberryGasshouseTrials (WA)
Trial 1:Calliphora albifrontalisvs no flies

Blueberry yields were monitored twice a week over six months in two quarantine glasshouses, each containing nine
southern highbush blueberry planfgaccinium corymbosuimybrid) from acommercial farmOne glasshouse had no flies,

while the other contained adult blowflie€élliphora albifrontalis Since it takes about 2.5 months for a flower to develop

into a mature berry, differences in yield between the two glasshouses became apparent around-thertbperiod, with

fruit yield in theC. albifrontalidblowfly glasshouse increasing at this tinfégure 2(. The green shaded area in Fig@fe
highlights theadditional yield attributed to the presence @. albifrontalisdemonstratingthat these flies contributed to
improved fruit production.
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Figure 20: Blueberry yield when pollinated by the blowfly C. albifrontalis( 6 + todmpaeed td bushes where no
insects were present 6 n o tdptomatesbldieberry pollination Yield extra fruit because of fles pollinating blueberry
flowers) differences between the two treatments is show by the green shading Pollinator treatments (flies vs. no
flies) are differentiated by colour.

Blueberry bushes exposed to adGlalbifrontalisblowfliesproduced both more and larger berries than those in the control
group with no fliesKigure 20 ® { LISOAFAOIf f &% o0dzaKS& 6AGK FfAS& @AStRSF
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Figure21: Exponential plot of cumulative blueberry yield (kg) when pollinated by the blowfy. albifrontalis(blue dots)
compared with bushes where no insects were present (red dots).
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Trial 2:Calliphora albifrontalisvs Calliphora dubia

In addition to the blowflyC. albifrontalisthe blowfly C. dubiavas also determined to be an effective blueberry pollinator.
Over the 5month trial, blueberry bushes pollinated 16 dubidflies produced both more and larger berries compared to
those pollinated byC. albifrontaligFigure 22. Specifically, bushes with. dubiayielded approximatelst4,500 berriest an
average oM ® po I , WiSlNGushés M albifrontaligoroduced aroundl0,500 berriesaveragingy @y p 3 . LIS NJ
(Figure 22. Further information about this study can be found in Ceokl. (2020)

B =Total Fruit Wt (kg)

20.0

15.0

m =Total Fruit Number)

Total Berry Yield (kg)

5.0

C. albifrontalis C. dubia

Figure 22: Total blueberry fruit yield (kg), total berry number and mean berry size of blueberries when pollinated by
either the blowfly C. albifrontalis (L) orC. dubia(R) over 130 days.

Key Outcomes and Recommendations

This research shows that certain fpecies particularly Eristalis tenaxand blow flies likeCalliphora albifrontaliand C.
dubia, can be highly effective pollinators of key berry crops such as blackberry, raspberry, and blueberry. In ¢émciesed
trials in TasmaniaE. tenaxoutperformed openield honeybee pollination for blackberry, and stocking rates3¢30
flies/m2 were sufficient to ensurkigh qualityfruit set. While bees deposited more pollen per visiNiBWblackberrytrials,

flies, including the blow fl{C. stygiastill played an important roléespecially when allowed multiple visjt resulting in
significantly largefruit. In NSWraspberrytrials, both flies and bees produced similar fruit weights after a single visit, and
repeated fly visits led to heavier fruit, reinforcing the importance of high pollinator activity during flowering. For
blueberries, fly presence clearly boosted both berry numéned size, witlC. dubisoutperformingC. albifrontalisacross a
five-month period. Together, these findings suggest that managed flies can serve as reliable, complementary pollinators to
bees, particularly in protected dow-bee environments. With proper management, flies can help increase yields and
improve fruit quality providing growers with an alternative or backup pollination strategy to support consistent
production outcomes.
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FlyPollination of SweeCheries

seedPurity

Raylea Rowbottorand Cameron Spurr

Introduction

The Australian cherry industry comprises 700 growers and approximately 3000ha of crop, with more than 80% of
production occurring in Victoria, New South Wales and Tasmania. Production volumes vary substantially from year to year
due to climatic factors buin 2021 the industry grew more than 20,000 tonnes of cherries, representing a farm gate value
of $231million (ClarkeandLe Feuvre, 2022The industry is currently in an expansion phase, targeting export opportunities

in Asia and the United Kingdo(@herry Strategic Investment Plan 262226, 2022) with increased plantings occurring
predominantly in Victoria and Tasmania.

One of the challenges faced by producers is that many sweet cherry varieties aicepipatible and require insect
mediated crosollination to ensure fruit seCachandWiinsch, 2014put flowering, which typically occurs in September

in mainland orchards or October at cooler Tasmanian locations, is characterised by a relatively short main bloom period
lasting just 24 weeks. To promote crogmllination, orchard designs typically feme different crosscompatible cultivars
planted either in alternating rows or within the same row. The selection and management of these different cultivars within
an orchard to ensure synchronous flowering is critical for achieving successful pollifgigintand Marte, 2004) Cherry
orchards are normally stocked with honeybee hives for pollination. WH&Res/ha is often considered adequdtelarke

and Le Feuvre, 20220me researchers have concluded that higher stocking rates may be deg¢Babherville, 1999)
Monck et al (2008)suggested hive requirements of between 2.5 and 5 hives/ha, whdedwin(2012b)recommended

that up to 10 hives/ha be used for pollinating cherri€arke and Le Feuvf@022)estimated the annual demand for
managed honeybees in the Australian cherry industry at 8,535 hives in 2021 and forecast 30% growth in hive requirements
over the following decade. Many growers are also heavily reliant on feral honeybees and native bapplénent the
pollination services provided by stocked honeyb@@sauwandIsaacs, 2014; Eeraers al., 2020; Holzschuét al.,, 2012;
Ostermanet al., 2023) However, the arrival of varroa mite in Australia and its inevitable spread will eliminate many feral
honeybee colonies and ultimately result in an increasing demand for managed pollination services within the cherry
industry that outstrips industry growvat

Issues surrounding pollinator availability are further compounded by insufficient or ineffective pollination, which is known
to be a key factor contributing to seasonal variation in fruit set in che(Besnerville, 1999; Reilgt al., 2020) Insufficient
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pollination is often the result of an orchard environment that is inhospitable to honeybee foraging during flowering. Cold,
wet or windy weather conditions are relatively common during the spring bloom period in some production areas and can
deter honeybes(Hanstedet al,, 2015; VicenandBosch, 2000)hile nets and plastic covers that are widely used to protect
ripening fruit from birds, hail damage and rain cracking can also reduce honeybee foraging éetygitgnd Eisikowitch,
1995; Dag and Eisikowitch, 1999; Dag, 2008; Lang, 2014; Evargdista014; Elligt al, 2017; Nielsewt al., 2017; Hall

et al, 2020; Kendalkt al, 2022) In addition, although cherry blossom is considered a relatively attractive forage source
(Goodwin, 201Z) O2YLISGAGA2Y FNRBY ySIENbBe FtOaSNYylIGA@Sa &adzOK | a
and white clover has been shown to draw honeybees away from flowering cherry (&tepghet al., 2010; Warreret al,,
2024)

The contribution of sulmptimal pollination to variable yield outcomes is wedtognised within the industry, as evidenced

by a recent review of pollination statistics for Australian cherry cr(@larkeand Le Feuvre, 20220 which growers
prioritised research into alternative pollinators and management of multiple pollinators in the crop. In this study, we
investigated potential for the hoverflgristalis tenaxo be used as a comghentary managed pollinator in cherry orchards.

Methods

Two years of field experiments were conducted in 2023 and 2024 in commercial blocks of sweet cherries at Reid Fruits
orchard in Jericho, Tasmankidure 23a). In 2023, a large cage trial was conducted under a retractable rootbekting

Cravo system (Cravo Equipment Lteig(re 23p) to test whetherkE. tenaxcould effectively pollinate cherries. In 2024, a

large cage trial and an open field release were undertaken in an adjacent orchard block covered with bird Rigitireg (

23, c). These trials &re used to determine the relationship betweé&nh tenaxstocking rates and fruit set, and to obtain
preliminary data on both fly deployment, dispersal and retention and yield outcomes from complementary stocking of
honeybees and hoverflies in an open orchard setting.

The Cravo system was planted with alternating rows of varieties Kordia and Regina, interspersed with polleniser trees (var
Sylvia). The 2024 trial block was like the Cravo block except that it also contained 3 rows of variety Fertard interspersed
betweenKordia and Regina rows.
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Figure 23: a) Google earth overview of Reids Cherry Orchard, Jericho, Tasmania. The Cravo system where we
conducted trials in 2023 is highlighted in red and the 2ha trial block fothe 2024 open releaseis highlighted in yellow,

b) Cravo system usedor large cagetrials in 2023 and c) the netted 2ha block used forcage-based stocking rate and

open releasetrials in 2024/25 . Photo credits Raylea Rowbottom.
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Pollinator Efficacy Trials (2023)

In late September, prior to flowering, four 35Rges were erected over 2 rows of cherry trees, with each cage enclosing

6 cherry trees: 2 to 3 trees each of Kordia and Regina (depending on cage location) and a single Sylvia (polleniser) tree. Ti
cages were netted with 3mm nylon mesh netting to preveamdvement of pollinators between cages and external trees.

At the time of construction, caged trees were inspected for potential pollinators and these were removed. At the onset of
flowering, each cage wasosked with 1000 adulE. tenaxequivalent t0200,000flies/ha). The surrounding open orchard

was stocked with honeybees 4.5 hives/ha(equivalent t0225,000 bees/ha). Ten flowering branch sections were tagged

on Kordia and Regina trees in each cage, with corresponding sets of 10 branch sections/cultivar also tagged outside eac
cage, giving a total of 40 branch sections per treatment (open pollinates taad caged trees pollinated exclusivelygby

tenax in each variety. The number of flowers on eachrked branch section was counted and recorded for comparison
with fruit set. After flowering, the cages were removed to allow for normal fruit development. On theflBecember,
approximately 5 weeks prior to commercial harvest, the number of fruit on each marked branch section was counted. Using
corresponding flower and fruit count data, we then determined the percentage of flowers to set fruit in each treatment
(Figure 23.

Figure24: Images from cherry pollination trial at Reids, Jericho. Clockwise from top left: trial cage set up over Sylvia,
Regina and Kordia trees withinthe Cravo system (4 cages in total, © October 2023); E. tenaxfeeding from cherry
flowers; tagged branches for flower counts (27 October 2023); and Mark van Schilt from seedPurity assessing fruit
set from the same tagged branches (18 December 2023). Photo credit: Raylea Rowbottom.

E. tenaxStockingRate Trial (2024)

Cage design, cultivars and fruit set assessment methods used in this trial were identical to those used for the 2023 efficacy
trial. Stocking rates ranged from 25,000 flies/ha to 200,000 flies/ha across six treatments.
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In October 2024 we stocked a small (2ha) commercial block of cherries under bird nettirig. wéthexpupae at 60,000
flies/ha. The site was also stocked with honeybees at a reduced3dteves/ha,equating to 90,00¢ 120,000 bees/ha).

The flies were deployed as pupae using flyscraper release boxes positioned in the centre of tifeitploek2. Following
deployment, we tracked hatching rates within the release boxes to determine the impact of climatic conditions in the
orchard on fly hatching ratesind to ensure the target density of adult flies was met. Fly dispersal and distribution was
tracked at approximately weekly intervals throughout flowering by visual counting of flies foraging on 90 trees (45 each of
Kordia and Regina) located on a gridoilghout the orchard. Visual counts were conducted betweeami@nd 2pm

D = Beehive locations

ﬂ = Flyreleaselocations

Figure 25: Field site for open pollination trial (2024) at Reid Fruits, Jericho depicting the approximate locations ¢.
tenax flyscrapers andA. mellifera hives.

Fruit setting rates were assessed on Kordia and Regina within the trial block and in a commercial block with similar aspect
planting configuration, tree age and cover typgeefer toFigure 23 stocked only with honeybees at 3.5 hilles At each

site, we counted the number of fruit set on 5 tagged flowers on 100 trees (500 flowers in total/site). Fruit set was
determined approximately 5 weeks before commercial harvest in January 2025. To minimise the potential for confounding
site effectsin the fruit set comparison between stocking with honeybees only or with both honeybees and hoverflies, we
applied a supplemental hand pollination treatment (hand pollination plus insect pollinatiotir favourable pollinating
conditions on the 23 of October to a matching set of 500 flowers at each site. This treatment supplied sufficient pollen to
individual flowers to allow measurement of fruit set at each site when pollination wadimitmg. We then standardised

fruit setting rates for the isect pollination treatments across the two sites (honeybees or honeybees + hoverflies) against
fruit set in the corresponding supplemental pollination treatment.
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Results

Trees caged witk. tenaxset more fruit than open trees pollinated predominantly by stocked honeybees, with 7% increased
fruit set in Kordia and 43% more fruit set in RegiR@re 26. This result confirmed thd. tenaxcan effectively pollinate
sweet cherries and identified that pollination in the adjacent orchard stocked with 3 bee hives/ha may have been sub
optimal.
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Figure26: Mean percent of flowers setting fruit for Kordia and Regina trees pollinated by either honeybeeA.(
mellifera) or hoverflies €. tenaX. Error bars indicate standard errors (n = 40)The letters above the columns denote
statistically significant differences between treatment means.

We observed a statistically significant relationship between the stocking denditytefiaxand fruit set Figure 2. When

E. tenaxwvas present as the sole pollinator in large cages, fruit set increased from 12.1% (Regina) and 19.6% (Kordia) in tree
stocked with 350lied tree (25,000 flies/ha) to 34.9 and 30.3%, respectively, at 1050 flies (75,000 flies/ha). However, at
higher stocking rates (150,000 and 200,000 flies/ha), fruit set declined, possibly due to antagonistic behaviour between
individualswhen stocked at high density, ovatilisation of pollen as a food resource resulting in limited pollen availability

for pollination, and/or starvation of flies due to insufficient nectar.
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Figure 27: Effect of hoverfly stocking density (adult flies/ha) orthe percentage of flowers setting fruit in Kordia (top
-blue) and Regina (bottom- green). Error bars are standard errors; n=40he letters above the columns denote
statistically significant differences between treatment means.

Hatching ofE. tenaxin the open release trial was delayed by approximatehydays and overall hatching rates were less
than normal (5%in this trialvs>80%typically) due to both overstocking release towers and low temperatures experienced
in the orchard(Figure 28. As cool conditions are common in spring in some chgmwing areas of southern Australia,
development of a pupal release box that maintain warm conditions around the hatching pupae may be important for
improving timeliness and precisioff fty deployment in early season crops.
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Air Temperature Comparisons for Release Tower and
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Figure 28: Temperature comparisons betweenthe open field (orange) and inside thepupal release towers (blue)
during peak bloom (14t Octoberd 30t Oct 2024).

Following an initial period of dispersal from the release poiBtsgnaxappeared to distribute relatively evenly throughout

the orchard(Figure 29. On the 23 of October, 21 days after pupae were placed into the trial block, we estimated numbers
of hoverflies foraging on cherry blossom equivalent to 19% of hatched flies from pupae deployed in the crop, with many
others observed foraging on clover on the orchéiabr. While it is possible that wilH. tenaxaccounted for some of the
surveyed flies, adseline survey conducted at the beginning of peak bloom before flies hatched from the release boxes
found almost nohoverfiesat the site.

AlthoughE. tenaxwas stocked into the trial release site at approximately one third the density of honeybees, hoverflies
outnumbered honeybees in the counts of foraging insects on trees of both varieties by approximately 2:1, on average,
during the survey periodjgure 29. The greatest difference in hoverfly and honeybee activity was observed on thef23
October Figure 29 when air temperature during the survey period averag@drC.
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Variety: Regina

Apis mellifera
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Figure 29: Heat maps for both Kordia (top maps) and Regina (bottom maps) comparing the number of foragirfy
mellifera and E. tenaxwithin the orchard over time. Foraging activity is scaled from low (yellow) to high (redNo
foraging activity was observed in grey areas.
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Comparison of standardiseduft set data (open pollinated fruit set expressed as a percentage of corresponding
supplemental hand pollinated fruit set) revealdtht complementary stocking &. tenaxandA. mellifera(60,000 hoverflies

and 37 hives/ha, equating td 85,000bees/ha) improved fruit set during peak blodm 44%elative to stocking honeybees

only at4.5hives/ha 225000 bees/ha JFigure 3(. This increase in fruit set is consistent with the overall improvement in
pollinator activity observe from complementary stocking compared to stocking honeybees alone, especially under cooler
conditions, and corroborates earlier results from 2023 cage trials suggesting that inadequate pollination was a yiajd limitin
factor in trees grown in a Cravo sgst stocked with 3 hives/ha.

Z
OMI'II'

hn I
=
(C‘f}: yn J

® T n

<

o cnh T
Z pn

o nn
> on
= HN
-~ Mn

n

ey St fAFTSNI 'arSt f BORSNAI E
t 2t EAYFG2N {0201Ay3 ¢

Figure 30: Comparisons between percent fruit set between supplementally pollinated fruit andpen pollinated fruit
in the commercial (bee only) pollinated block and the trial block that was stocked with both flies and bees for the
cultivar Kordia in a commercial 2ha orchard. Error bars are standard errors.

Key Outcomes and Recommendations

Data generated in this studsupportsearlier research findings pointing to inadequate pollination as a yield limiting factor

in sweet cherry production. We demonstrated in large cage trials and open release studies on Kordia and Regina trees tha
E. tenaxs an effective pollinator, dispersing evenly throughout the orchBxelayed and reduced hatching rates caused by

the low early season temperatures in this trial highlight the importance of a release box design that maintains warmth
around the hatching ppaefor early season release$vhile this meant we were only able to evaluate yield effect& of

tenax stocking for the later part of the flowering period, the results provide a promising preliminary indication of the
potential forE. tenaxas a managed pollinator in cherry orchards. Replication of this experiment across multiple and larger
sites, seasons and cultivars is essential so that the preliminary results can be confirmed, deployment protoco}sanefined
sufficient data generated to inform a desenefit analysis for the use of hoverflies as coenpgntary managed pollinators

in sweet cherry orchards.
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Pollination in Mango

University of New England and Western Sydney University
Romina Rader, Abby Davis; Jan@»ok and Jonathan Finch

Introduction

Mango Mangiferaindicd A& 2y S 2F ! dzZAGNI f Al Q& Y2ad AYLRNIIyYyGd GNBLRK
northern Queensland, the Northern Territory, and parts of Western Australia. Queensland leads national production,
O2y GNROGdzG Ay 3 | NP dzyngo volurie, fallotved byltheliNWhéri Te@tary with 2Q@tort Innovations,

2024) In 2024, over 63,000 tonnes of mangoes were produced nationally, with a total production value of $220 million
(Hort Innovations, 2024)

Despite these strong production figurgsllination remains a key limiting factor for fruit set in mango orclsgRlamirez

and Davenport, 2016)Mango pollination is often inefficient and highly variable. Each panicle can produce thousands of
flowers, yet only a small fraction (~@1%) mature into fruitThis low fruit set is often attributed to insufficient pollination

by insects, although studies suggest that environmental conditjbaget al.,2000; Sancheet al,, 2024) genetic factors

6! t t Sy attalS 20R2) ryfahagement practicegSiqueiraet al., 2008) or a combination ofll can also significantly
influence mango pollination outcomes.

Mango flowers attract a diverse array of wild insactacluding flies, native bees, and beetitewhich are believed to play

an important role in pollinatior{Andersonet al, 1982; Singh, 1985 Australia, mny growers rely on these naturally
occurring insect visitors to support fruit production. While sogrewersintroduce managed honey beéis mellifera

hives during bloommango flowers produce little nectar and limited pollédanchezt al., 2024; Siqueirat al., 2008)

making them relatively unattractive to honey bees. As a result, reliance on managed bees alone may not ensure optimal
pollination.

Research also indicates thasllination requirements vary across mango cultiveRamirez & Davenport, 2016nd the
effectiveness of different insect groups can diffeor example, some European fly species have been shown to be effective
mango pollinator§Hudaet al,, 2015; Sancheet al, 2022) However Singhet al.(2024)determined that Australian native
bees were more efficient pollinators of mango than Australian hoverflies and European honeyteetifying which
insects are the most effective pollinatarand finding ways to support these beneficial wild species on farimgssential

for improving mango yield and fruit quality.

Among the potentiafly pollinators,blowflies (Calliphoridad)ave been observed visiting mango flow@aget al., 2000;
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Marcaccet al.,, 2023; Saeedt al.,2016) and are known to pollinate other commercial crq@ooket al., 2020) The larvae

of flower-visiting blowfliegypically develop in decomposing organic mattBaviset al.,2023 Anecdotally, some growers

AY Y2NIKSNY ! dzad0dNFfAlF KFE@S adl NISR dzaAy3 OF NN 2y Sing2 NJ a2
However, the effectiveness of this practice in boosting fly abundance and improving pollinatmonmas has not been
scientifically tested.

Therefore, we conducted a series of experiments to 1) identify the diversity and abundance of mango floral visitors in
Queensland and the Northern Territory, 2) determine how effective common, wild insects are at depositing pollen onto
mango flowers, 3) d@ SNX¥A Yy S AT WadAy]l adldArAz2yaqQ LINRPY2GS GKS | 6dzyRI
set in Australian mango orchards.

Methods

University of New England

Sevenfield sites were located asix large, commercial farms owned by thipérty landowners within the Atherton
Tablelands, Queenslandll farmswere locatedapproximately 50 km from Mareeba, Queenslanili sdes were locatect

least 500 mapartandgrewO2 YYSNODAFf Yl y3d2 GNBSad aly3da2z2 OdzZ G§ASFNBE 3IN
WYSAGG QS Wwiable @ All fanyisRexdept i/ Rath 4,0brought managed honeybees into fields to perform
pollination servicesPermission to conduct fieldwork on all sites was grantethieyfarm owners.

Table4:Mango cultivars grown at each farm site, including
depending on farm and location.

Farm Cultivars

1 O0KP®, O0Keit
2 OKP8, OR2E:
3 60KPO

4 O6KPO

5 O0Keitto, ot
6 O0KP®, O0Keit

To identify the abundance and diversity of insects visitirago flowers visitation surveys were conducted ssvenfield
sitesselected across theixfarmsfor a total oftwo to three days (at each sitéom 2 August2022 to 25 August2022 (peak
bloom). Surveys were carried oon days with no rain and when temperatures were at leastCL3emperature, relative
humidity, and wind speed were recorded from nearby weather stations before each survey was conBoctahsistency,
adz2NpSea oSNB O2yRdzOGSR Ff2y3 (62 3mango orthardsid ah adlifoinal Walk 2 y S
G261 NR& (KS WwithilRdrdhadd rawg Albtranseétts were conducted walking slowly (one min pemm)e
looking at the flower panicles on one row ofingo trees Figure 31a), with the observer looking for insects on flowers

only from ground level to a height of 2 migure 31b). Edge and middle transect walks were at least 50 m apart. Insects
were collected in the field for identificatioio the lowest possible taxonomic level using keys or expert aide.
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Figure 31: Mango flowers and insect visitors in the Atherton Tablelands, Queenslan@) a mango panicle used for
insect visitor observations;(b) the snout fly Stomorhina discolor, family: Rhinnidae) visiting a mango flower. Photos
taken by Abby E. Davis.

Examining pollination effectiveness

To evaluate how effective fly species were at depositing pollen grains onto mango 8tgmas, we conducted single

visit pollen deposition (SVD) trialsvhere one insect visits a flower, and the number of pollen grains the insect deposits is
counted. These experiments were conducted during peak mango flowering (August 2022) at two confarensiial the

Mareeba regionBotKk FIF N¥Ya 3INBg GKS aryYS YIy3a2 OdzZ GADGFN oWYSYaAy:
and relied solely on abundant wildftinators,so they did not havenanaged bees or formal pollination protocols.

Because flies were commonly observed visiting mango flowers during the study period, we evaluated the pollination
effectiveness of two fly families frequently found in the field: snout flies (Rhiniidae) and blowflies (CalliphoridaejalSVD t
were conduted using four treatments: Calliphoridae, Rhiniidae, opetliination, and sefpollination. To collect replicates

for the Rhiniidae, Calliphoridae, asdlfpollination treatments, prior to bloom, mango panicles were bagged individually
with insectproof organza bags. When the flowers on the panicle opened but were not yet receptive to pollen, all imperfect
flowers (lacking stigmas) and the anthers from perfect flowers (containing both stigmas and anthers) were carefully
removed before pollen release (whguink anthers darkenedNext, the female flowersvere clippedfrom paniclesand

stored in a protected container for later us€his ensured that the remaining baggiaolwer stigmas were not exposed to

self, wind-, or accidental pollination prior to a ctolled insect visit.
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Western Sydney University

The study wasonducted across three major mangoowing regions in Australia: Darwin, NT (12.4°S, 130.0°E), Katherine,
NT (14.4°S, 132.2°E), and Burdekin, QLD (19.5°S, 14FatE9.in these regions primarily grew tR8E2and ensington

t N RaBdo varieties and were conventionally managed, using synthetic insecticidessefestiland drip irrigation.
Flowering occurredrom May to Julyin Darwin and Katherine, argtimarily in Augusin the Burdekin region.

To assess whether stink stations increased blowfly activity to mango flowers, pollinator surveys were conducted at control
(no stink stations) and treatment (stink stations present) sites. Surveys were performed at varying distances30m, 10

and 3650m) from stink stations at both treatment and control sitdsigure 32. Each tree was surveyed twice daily
between9:00cm m Y n and2:0cn Y n st oo nonconsecutive days during flowering. Surveys were avoided during
rain or heavy cloud cover, which ocoed on two days in midune. During each survey, observers slowly walked around
the tree forthree minutes recording all insects that contacted flowers witin Y 2 ¥ 3 Nihitdyr&presebteidd

75% of the flowers per tredBoth insect abundance and identity were recorded, with representative insects captured and
identified to the lowest taxonomic level.

Farms with stink stations x 3

s888888.

Legend 10-30 m 30-50 m
insect
Surveys Control farms without stink stations x 3
f:i} stink
station

sssssss.

10-30 m 30-50 m

Figure32: Design of experiment to test the effect of stink stations on blow fly visitation to mango trees. Insect surveys
were performed Om, 10-30m, and 30-50m from stink stations.

Results

In total, 203 floral visitationtransect walks(33.8hours) were conductedn mango trees. From these transects, we
identified 42 taxa (26 species and 16 morphospecies) from 16 insect families across four orders (Coleoptera, Diptera,
Hemiptera, and HymenopteraJéble 5. The dipterans (flies) were the most diverse group, followed by the hymenopterans
(bees and ants only), coleopterans (beetles), and hemipterans (true bugs).
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Table 5: Relative insect abundance of insect flower visitors recorded omango trees during peak bloom in the
Atherton Tablelands, Queensland. Insects were identified to the lowest practical taxonomic level and sorted by
pollinator group.

Abundance
Order Family Genus Species S
0-50 50-100 100 -500
500

Diptera Rhinidae Stomorhina  discolor
Diptera Rhinidae Stomorhina  xanthogaster
Diptera Rhinidae Metallea incisuralis n
Diptera Calliphoridae  Chrysomya  saffrenea n
Diptera Calliphoridae = Chrysomya rufifacies
Diptera Calliphoridae =~ Chrysomya  flavifrons n
Diptera Calliphoridae  Chrysomya  varipes n
Diptera Calliphoridae = Chrysomya incisuralis n
Diptera Calliphoridae  Onesia tibialis n
Diptera Calliphoridae  Calliphora centralis n
Diptera Calliphoridae  Calliphora augur n
Diptera Syrphidae Syritta luteinervis n
Diptera Syrphidae Simosyrphus grandicornis n
Diptera Syrphidae Mesembrius  hilaris n
Diptera Syrphidae Mesembrius  bengalensis n
Diptera Syrphidae Austalis resoluta n
Diptera Syrphidae Eristalinus punctulatus n
Diptera Syrphidae Melangyna viridiceps n
Diptera Syrphidae Citrogramma  sp. n
Diptera Bombyliidae Comptosia sp. n
Diptera Bombyliidae Geron sp. n
Diptera Muscidae Neomyia timorensis n
Diptera Muscidae Musca domestica n
Diptera Muscidae Hydrotea chalcogaster n

. Tachinidae
Diptera (Phasiini) sp. 1 n

. Tachinidae
Diptera (Phasiini) sp. 2 n
Dibtera Tachinidae s

P (Goniinae) P n
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Diptera Sarcophagidae Sarcophaga sp. n
Diptera Culicidae sp. n
Diptera Milichiidae sp. n
Hymenoptera Apidae Apis mellifera
Hymenoptera Apidae Apis cerana n
Hymenoptera Apidae Tetragonula  carbonaria
Hymenoptera Apidae Ceratina sp. n
Hymenoptera Apidae Xylocopa sp. n
Hymenoptera Halictidae Homalictus sp. n
Hymenoptera Halictidae Lipotriches sp. n
Hymenoptera Evaniidae sp. n
Hymenoptera Pteromalidae sp. n
Hymenoptera Formicidae I[ridomyrmex  sp. n
Coleoptera Tenebrionidae Lagria cyanea n
Hemiptera Pentatomidae Cuspicona simplex n

Insectabundance varied based on pollinator groups, with wild bees and flies generally more abundant than managed
honeybees Eigure 33. The three most common (> 500 observed in total) species seen visiting avocado flowers was the
Australian native stingless begdtragonulacarbonaria) the European honeybed\pis mellifera)and the rhinid (snout) fly
Stomorhina discolofTable §. The large numbers of wild bees and flies observed on mango flowers suggest that the food
sources and habitats to support thekelpful insects are nearby, or within, the local mango farms.

| Wild flies
m Wild bees
B Managed bees

Figure 33: Percentage of wild flies, wild bees, and managed bees seen on mango flowers in the Atherton Tablelands,
Queensland.
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In total, 161 mango flowers were assessed for pollen deposition. Qp#imated flowers had the highest pollination rate,
with 24%showing mango pollen on their stigmaBiqure 34 T suggesting the mango trees at the study sites were
producing pollen and polleflow was occurring naturally in the systeifhe fly family that pollinated the greatest number
of flowers after one visit was the Rhiniidae, with 12.5% of flowers pollind&gplife 3. It was determined that two species
of rhinid flies were depositing pollen onto mango flowers, inclu@btgmorhinadiscolorand S. xanthogaster.
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Figure34:Per cent age (%) of ©6Kensington Prided mango fl owers
based on pollinator treatments near Mareeba, Queensland. Treatments included Rhiniidae flies, Calliphoridae flies,
self-pollination (bagged flower9, and open pollination (natural conditions). Pollination success was measured by the
presence (O6pollinatedo) or absence (6unpol | iusadpreserd ) of
pollination success.

In contrast, none of the flowers visited by Calliphoridae flies received pollen, despite using the same method that showed
successful deposition by Rhiniidae fli&milarly,no pollen was found on seffollinated flowers confirming that the
organza bags effectively blocked wind and accidental pollination.

Across all farms in the Darwin region, the highest percentage of visits (55 %) was made by a large kiesgenihprius
bengalensigFigure 35a). Stingless beed étragonulaspp.) also made a high proportion of all visits (16%), but mostly on
farms without stink stationsHigure 35a). In contrast, European honeybeasp{smellifera) were rare and accounted for
less than 1% of all visitEigure 35a).

Hort Innovation
55



Final report¢ Managing Flies for Crop Rimation

A)
Stink Station (SS)
1]
= M- SS
S 40 +SS
-
o
(]
[=]
i)
520
2
L]
o
0 m Il - |
o %
% % s, e ¢ Z
3 @) 2% % £ Z, 2
% B B oz B Z g
© 45\{. % (] % %
%
B)
.| Stink Station (SS)
2 | W-ss
bt + SS
230
w
2
-
220
°
o
c
1]
@ 10
=
0 = _I_—I—; 4

sk HP  PT Lv ILL GG JK
Farms

Figure 35: Insect floral visitation rates of on mango flowers with and without stink stations in Darwin, Northern
Territory, Australia: A) Flower visitors by percentage of total visits to mango panicles on farms and B) Mean number
of blow flies observed per tree (surmed across pollinator surveys). Error bars show the standard deviation of the
mean.

Mango farms with stink stations had more blowfly visits per mango tree than those with®4f% of insect visits were from
blowflies on treated farms, compared to just 3% on control faffigure 35a). The number of blowflies seen on flower
panicles was much higher on farms with stink statidrigifre 35b). However, the increased abundance of blowflies did

not result in increases in early or late fruit set. As such, although stink stations successfully increased the abundance o
blowflies, we found no evidence that their use promotes yields in mango farmsfi@ling that stink stations did not
promote fruit set may have occurred because of the very high abundance of otheblaafly pollinators dumg our
experiment, namely a native hoverfifesembrius bengalens{Syrphidae).

Blowfly numbers decreased the further trees were from the stink stations. The highest fly activity was recorded on trees
closestto the statons@n Y0 X ¢ A (osseriedat NI TY A @R Figure 3. However, evenatt n Y
away, blowfly numbers were still significantly higher than on farms without stink statishewing thatstink stations can

attract and increase blowfly activity across a large area of the orchlndever, the beneficial effects of stink stations may
only occur in yearsr regions where other pollinators are less abundavitre information about this study can be found

in (Finch, Gilpin, & Cook, 2023)
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Figure 36: Mean numbers of blow flies observed per tree during pollinator surveys at increasing distances from stink
stations across seven mango farms around Darwin, dithern Territory,Australia. Boxes with a common letter are not
significantly different.

Key Outcomes and Recommendations

This study highlights the wide variety of insects visiting mango flowers in northern Australia, with wildtinsatisularly

native stingless bees and fliesnaking up most of the activity. Snout flies (family Rhiniidae) were frequently observed on
flowers and were effective at depositing pollen, suggesting they are important mango pollinators in Queensland. In the
Northern Territory, blowflies were successfully attracted to mango trees using stink stations, but this did not lead to highe
fruit set. Thiswas likely because other insects, such as the native hovéithgdmbrius bengalengisind stingless bees,

were likely providing strong pollination services crop fields alreadyThese results suggest that while stink stations can
increase blowfly numbers in orchards, they may not be as effective for pollination as other fly species. More research is
needed to understand the biology of Rhiniidae ftigzarticularly what they feen and where their larvae develop.
Knowing which insects are actively vigitifftowers andare effective pollinators in mango orchards will help guide better
pollinator management on mango farms.
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Fly Pollination of Glasshse Strawberres

Western Sydney University

James Cook, Jon Finétatsavee Utaipanon, Onyeka Nzie and Claire Allison

)

Introduction

Strawberries are an important fruit crop both in Australia and worldwide. They are often grown in fields, but also
increasingly in polytunnels or glasshouses, wifédiilitate crop management and mitigate the risks from extreme weather
events. By their nature, glasshouses exclude wild pollinators, requiring pollination to be managed inside the structure for
good cropping outcomes with pollinatiesependent crops. Althugh honeybees are the main managed pollinators used in
horticultural settings, they are less suitable for use in protected cropping and especially in glasshouses. This creates the
need for other pollination options for glasshouse berry crops and someespetflies are potentially good candidates. Our
major research aims were to:

1. Identify two species of flies available in Australia that readily visited strawberry flowers.
2. Testand comparehe ability of these flies to pollinate strawberries in a glasshouse setting.
3. Establish appropriate stocking densities for good crop pollination in medium to large glasshouse settings.

Methods

We performed a series of experiments to address our research aims, using thekthteart research glasshouse facilities

in the National Vegetable Protected Cropping Centre (NVPCC) facility at the Hawkesbury Campus of Western Sydne
University in Richmond, NSWigure 37. First, we conducted a smaltale trial to test three candidate fly species for
attraction to forage on strawberry flowers. This allowed us to identify two species for more detailed studies. We then
proceeded to a glasshouse trial tvia blowfly Calliphora stygipas the pollinating agent. We next performed essentially

the same glasshouse experiment, but this time using a droneefigtélis tenax These trials showed that both species

were very good glasshouse pollinators of strawberries, so we proceeded to the next stage of exploring stocking densities
and comparing the relative performance of the two species. We reduced the stocking derfiéyg obnsiderably from the
previous experiments and still found very good pollinatiatcomes.
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Figure37: Top) Strawberries growing in hydroponic gutters in the NVP@ttom) The NVPCC at the WSU
Hawkesbury Campus near Richmond, NSW

Experiment 1. Fl\¥eciesScreening

Between December 2019 and February 2020, we trialed three species of fly as glasshouse pollinators of strawberry. The
species used werk tenax (Syrphidae)C stygia (Calliphoridae) andHermetia illucengStratiomyidae) The drone flyE.

tenax was sourced from seedPurity, whilst the blow@ly stygiag I & LJIzZNDKIF aSR FTNRY { KSf R2YyC
breeder and supplier in South Australid. illucenswas obtained from a private colony maintained by Jon Finch. In a
preliminary experiment, 2(H. illucers were placed in a cage containing several flowering strawberry pjanis flies

showed no interest in visiting the flowers. As such, we chose not to continuethvittspecies

The remaining two speciesere place in BugDorm mesh cages (n=12Figure 38 within an experimental glasshouse
(18-24°C, 70% RH) and allowed to forage ehflbwering strawberry plants fahree consecutive days. Two adult fli€%

8 daysold) were placed in each cage and allowed a 12hr settling in period prior to any observations beindNoveelef

the flies had previously foraged on flowers of any kind, being primarily maintained on an artificial nectar diet (1:1-sucrose
water solution) prior to the experimenEvery day, flower visiting behaviour was recorded for one houaat,8 1am, 1pm,

3pm and 5pm. We then assessed two key metrics of pollinator efficiency to compare the two species: flower visit duration
and number of flower visits per hour.
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Figure 38: Fly pollination trials setup for experiment 1.Photo credit James Cook

Experiments 24. Glasshousé@ollination Trials

The methods and experimental treatments were essentially the same across these experiments, apart from the strawberry
variety and identity and stocking rate of the flies being tested. All trielee conducted in two fully enclosed glasshouse
chambersat the NVPCC. There were six suspended gutters per glasshouse cliaatihedd 80 strawberry plants each. As

in the first experiment, te drone fliegE tenaX) were supplied by project partnersgedPurity from their breeding colony

in Tasmaniawhilst blowflies C. stygia) wereLJdzZNO K I & SR T NP Ylie§ vieReiwaya gdaitionallyirokided with

an artificial nectar solution (1:water: sucrose) to promote longevity.

To assess the effexof fly pollinationon fruit weight, development time and quality, we conducted bagging experiment
with three experimental treatments:

1. Controlg This was alosed bag control with only unassisted getfilination. Nylon mesh bags were added prior
to the opening of flowers and not removeBlowers from the control group welater unbagged when they had
passed the pollination receptive stage.

2. Handpollination ¢ Closed bag with hand pollinatiolm the hand pollination treatment, flowers were bagged prior
to opening and then hand pollinated using a brush with pollen from an adjacent plant of the same variety. Hand
pollinated flowers were then bagged again to prevent further pollination by filesvers from the hand pollination
group werelater unbagged when they had passed the pollination receptive stage.
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3. Flypollination ¢ Open fly pollination with no bag. In the open fly pollination treatments, flowers were selected
prior to opening and then left unbagged until tfrelits were removed at harvest.

For all treatments, we recordech¢é date of treatment and date of harvest for each friRipe fruits were weighed and
classified according to a commercial grading system with grades from A (best) to E (Wigts) 89.

Figure 39: Example of strawberry quality grading system from A grade with very little deformity to E grade, in which
most part of the fruit is underdeveloped due to insufficient pollination intensity.

Results
Experiment 1. FlySpeciesScreening

Both the drone fliesand blowflies readily visitedtrawberry flowersand appeared to be good candidates for glasshouse
pollinators.Both species visited flowers most frequently during the late morning (10&igiie 40. At this stage it is not

clear whether this peak in activity towards the middle of the day was due to higher temperatures within the glasshouse or
other factors such as diurnal variation in daylight and irradiance, or intrinsic behavioural rhythmsindebts.

Flower visits by time of day

[ Calliphora
[l Eristalis

06:00 09:00 12:00 15:00 18:00
Time of day
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(2]

w

Figure40: Mean number of strawberry flower visits per fly in blow flyQalliphora stygig and drone fly Eristalis tenax
between 7am and 5pm under glasshouse conditions.

Hort Innovation
61



Final report¢ Managing Flies for Crop Rimation

The drone flies made significantly longer visits to strawberry flowers than the blowflies (t €l25¥5.4, p < 0.05Figure

41). However, blowflies made significantly more visits per hour than the drone flie2(#3, df = 19.51, p < 0.08igure

41). Both the number and duration of flower visits can be considered as proximate measures of the effectiveness of a
pollinator, with longer durations and greater number of visits suggesting higher effectiveness. As such, both species show
promising but contasting attributes as pollinators of strawberries. Both species warranted further investigatidrmore

data were needed to dermine the most effective pollinator of the two species.

A) Flower visit duration B) Flower visits per fly per hour
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Figure41: A) mean duration of flower visits per fly and B) mean number of visits per fly per hour

Experiment 2. Glasshousdrials of Blowflies with High Socking Density

We placed 40®lowfly pupae into each of two chambers containing flowering strawberries (Red Rhapsody cultivar). We
counted the number of flies that successfully eclosed after seven days to determine the number of adults in each chamber:
324 and 366 flies respectively. The nwenlof flowers was also counted each day. Because the trial occurred late in the
season, flowering density was low, providing a relatively high daily average of 0.3 and 0.06 flies per availabkerfiysss.

of the data from this tial revealed that fruit weight was considerably higher with fly pollination than with hand or no
pollination Figure 42.

Hort Innovation
62



Final report¢ Managing Flies for Crop Rimation

15

—_—
210
E
2 " closed
(3 B hand
= I open
=
=
S
('S

5

0

closed hand open

Figure42: Average fruit weight (SE) across three pollination treatments

SecondBlowfly Trial

In Ocbber to December2021, we conducted a second trial witte blowflies.We ordered two batches of blowflies. The

first batch that arrived emerged with defective winffiigure 43 and could not fly properlypossiblydue to a delay in
transportation or genetic defects caused by the breeding conditions of our supplier. Instead of discarding these flies, we
released 50 deformed wing flies into each of the two chambers. We tagged >15 of the open flowers per chamber and
designated them as a deformeding fly pollination treatment (DF). This additional treatment group helped us understand
the impact of fly health on pollination efficiency.

Figure43: An adult blow fly Calliphora stygig with deformed wings.
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When deformed wing blowflies were no longer observed in the glasshouse chambers, we repeated the blowfly experiment
with healthy flies450 and 50healthyflieswereintroduced to the first and second chamber respectively. The numbers of
flies were recorded by counting individual flies as they were releaseebgiume into the chamber. Each chamber had at
least30 floral replicates of each dfie three treatments:fly, handand controlflowers. Wholeday video footage of -8

flowers was used to confirm that flies visitettawberry flowers. After pollination, flowers were tagged and monitored until
they developed into fruitThey were then harvested and assessed far aizd quality.

We found that flypollinated fruitswere the heaviest and developed the quickeftllowed by hand pollinated flowers
(Figure 44. Control (bagged)ldwers and thosepollinated by deformed wing fliekad the lowest weights and longest
developmenttimes to fully ripen. Furthermoreflowers pollinated by healthy flieproduced the best qualityfruits, again
followed by the hand pollinated group, bagged group and deformed wing group respeckigalyg 44. In addition,15%
of baggedlowers, and 8.5% of deformed wing flowers did not develop into &tiail
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Figure 44: Pollination outcomes from the blowfly glasshouse experiment. Graphs compare fruit weight (A) and
development time (B) by pollination treatment. In both cases healthy fly pollination is significantly better than hand
pollination, which is significantly beter than the control group or deformed flies. The stacked column chart on the
right shows proportions of fruits of different qualities from A (best) to E (worst). Again, the best outcome is with fly
pollination.
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The video footage confirmed that blowflies were foraging on the flowigufe 4%andthe maximum time that blowfly
spent foraging on a floweras148 seconds (n = 73).

Figure45: A blowfly Calliphora stygig foraging on a strawberry flower.

In Felsuary toMarch 2022, we conducted a similar trial to assess the ability of drone flies to pollinate strawberry flowers.
The same experimental design was used as for the second blowfly trial outlined above, with 30 replicates of each treatment
in each of two NVPCC glasske chambers. We introduced 3@nd 11Zliesinto chambes 1 and 2due to the reduced

density of flowers in this trigbecause of the crop being older and later in the season).

We found that flypollinated fruitswere the heaviest and developed the quickefllowed by hand pollinated flowers
(Figure 46. Control (bagged)ldwers had the lowest weights and longestevelopmenttimes. Furthermore,flowers
pollinated by healthy flieproducethe best qualityfruits, againfollowed by the hand pollinated group, bagged group and
deformed wing group respectivel§igure 49.

Hort Innovation
65



Final report¢ Managing Flies for Crop Rimation

S a b
L]
L]
15, b 30 1.00
a s
—_ T
K= E % & 0.75
£10 23T 45
=) 24 Treatment
2 ©
= z E ‘25’ 0.50 . Bag
é 8 ' . Hand
w
5 Fly
T n
e 20
0.25
L]
o A B
Bag Hand Fly Bag Hand Fly 0.00
Treatment Treatment A B c D E

Grade

Figure 46: Pollination outcomes from the drone fly glasshouse experiment. Graphs compare fruit weight (A) and
development time (B) by pollination treatment. In both cases fly pollination is significantly better than hand
pollination, which is significantly better than the control group. The stacked column chart on the right shows the
proportions of fruits of different qualities from A (kest) to E (worst). Again, the best outcome is with fly pollination.

In addition, we trialed tagging individual flies using queen honeybee figsiré 47. This was successful and allowed
continuous monitoring of the activity of an individual fly for up to 30 minutes. This novel approach allowed us to see that
an individual fly would sometimes make repeated visits (up to 5 recorded) to the same flowsingle day anaften

spend up to 2 minutegmax 6.53)on the flower in a single visit. It may also allow better assessment of wider foraging
patterns and fly lifespan ithe glasshouse settinig future studies.

Figure47: A taggedEristalis tenaxdrone fly foraging on a strawberry flower in the glasshouse.
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In summary, experiments 2 & 3 established that both fly species were effective pollinators of glasshouse strawberries. In
our trials, we found that average fruit weight was higher in the blowfly trial and fruit quatityhigher in the drone fly

trial. However, as these were successive trials, the strawberry plants were older and the season later for the drohe fly tria
and this led to fewer and smaller flowers. To counteract this, we used about 100 flies per chambibrevdtne flies, as
opposed to abat 400 with the blowflies. Smaller flowers, rather than the fly species, is probably the reason for slightly
lower fruit weights with the drone fly trial and may also contribute to the difference in fruit qualities in the two trials.
Nevertheless, the mainesult was that fruit weight and quality outcomes were very good with both species. To further
compare the two pollinators and gain further insight to stocking densities we next planned to compare the two species
side-by-side in different chambers, but #te same time and stage of crop maturity.

Experiment 4. SimultaneousGasshouseTrial of Drone Hies and Blowflies with Low Socking
Densities

In this final glasshouse trial,ercontinued work withthe blowflyC. stygiaanddrone flyE. tsnaxthat we showed previously

to be effective pollinators of glasshouse strawberridge did this experiment twigestockng one chamber withblowflies

andthe other with drone flies. We used 80 flies pelnamber in the first run and 120 in the second run. Based on previous
trials we thought these fly numbers werabout the lowest thatcould provide good pollination outcomes, and we also
hoped to compare the relative performance of the two fly species. Each chamber contained 480 strawberry plants
(Lowanna variety), and thus a ratioafe fly per6 plants(run 1) or per 4 plantsHowever, because run 2 was with a new
crop with more flowers, we believe that the fly to flower ratio was very simitaaddition, we individually tagged almost

all of the flies in each chamber with honeybgeeentags(Figure 48.

Figure 48: Tagged flies (a)Eristalis tenaxfly foraging on a strawberry flower, (bYCalliphora stygiafly trying to
access bagged control flower, (cCalliphora stygiafly on strawberry leaf.
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After the flies were released, we bagged-opened flower buds. When the flower buds opened, we then randomly
assigned open flowers tthe standardthree pollination treatments: fly (open) pollination, hand pollination control and
bagged control. We repeated the process daily until there were about 100 replicates per treatheatso placed 5 video
cameras on tripods per chamber to record fly visits to open flowers to monitor fly visitation rate and behaviour on the
flowers. These videos were kept runnifog a full day on a single flower, apart from one that was used to monitor visitation
at a sugar feeder. The video files were then transferred to external hard drives for later analysis

Within this trial, we also conducted a single visit experiment to test the impact of one visitlipnafly on fruit quality.
After the flies were released into the experimental chambers, we baggeapened flower buds. When the flower buds
opened, we then removed the bags and observed individual flowers until thelfosefly visited. We recorded the length
of time the fly spent on the flower to test if this was correlated with fruit quality. The flower was théxagged until all
petals had falleroff and pollen had been released from the anthersl(rdays), after which bags were removed so that
they did not affect fruit development. Ripe fruits were harvested for assessment of fruit quality as in previous work.

Tagging was fairly successful in both fly species, with only a few attempts leading to individual flies with reduced mobility
and plenty of observations of marked flies visiting flowers. As noted in previous trialiraheflies were mostly observed
visiting flowers, while the blowflies were observed landing in various places, including both strawberry leaves and flowers.
In fact, blowfly visitation was not observed often enough to allow for a sufficient amount of sisfjldata to be collected.

As in the previous glasshouse trials, both fly species produced significantly higher quality fruits than either the hand
pollination or control treatmentsKigure 4%nd Figure 50. In addition, we found that aingle (controlled) drone fly visit,

while better than no fly pollination, was significantly worse than hand or open fly pollinafigure 50. The results for

open drone fly pollination were particularly gooBigure 50, outperforming the blowfliesKigure 49 at a similar density

and fly:plant ratio. Nevertheless, while these trials were performed at the same time, unlike previous ones, it is possible
that a chamber effect could contribute to this difference. However, the repeated pattern acrosstriglesting that drone

flies are the better pollinators is also consistent with their more flowentric behaviour and longer visit times to flowers,

so is probably a genuine performance difference.
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Figure49: Fruit quality outcomes from different pollination treatments in the blowfly chamber of the final experiment.
The chart shows proportions of fruits of different qualities from A (best) to E (worst) for the different treatments. Fly
pollination is significantly better than hand pollination, which is significantly better than the control group.
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Figure 50: Fruit quality outcomes from different pollination treatments in the drone fly chamber of the final
experiment. The chart shows proportions of fruits of different qualities from A (best) to E (worst) for the different
treatments. Fly (open) pollination is gnificantly better than hand pollination, which is significantly better than the
other treatments. Finally, the single fly visit treatment is significantly bettethan the control (no flies) treatments.

In summary, experiment 4 provided further evidence that both fly species can be highly effective pollinators of glasshouse
strawberries. This result was achieved with a stocking density of one fly per four plants, which produced excellent fruit
quality resilts with drone flies and very good results with blowflies, which may still benefit from a slightly higher stocking

density.

Key outcomes and recommendations

1.

2.

We have shown that both the blowflE. stygiaand the drone flyE tenax are very googollinators of glasshouse
strawberries, capable of producing high quality strawberry crops with modest stocking rates in closed glasshouses.
Overall, our results suggest thit tenaxis a more effective pollinator (per fly) due to its stronger attraction to
flowers and longer average visit time. However, the less flewemtric C. stygiaalso performed very well in a

closed glasshouse environment. The difference might be greater in open protected cropping structures with the
blowflies more likely to abandon the crop.

A stocking ratio of one drone fly per four plants yielded excellent fruit quality outcomes in our final experiment. A
similar ratio for blowflies did not give quite such impressive results but was still very good. We would therefore
recommend perhaps douinlg the stocking rate for blowflies.

C.stygiha NBIFIRAf& FT@FLAfIFTo6fS FTNBY a2YS &adzZlll)f ASNBR 2F FAa
pupae for about $30 and it is fairly easy to hatch the flies and then introduce them to theEertgmaxs not yet
Srarte I @LAtFIofS a27F7T scedR@Bity hakeSdevEldpad goodzearingMdtRo8sQlliring thisNJi
project andE. tenaxmay soon be more readily available to buy.

These fly species offer a complementary glasshouse pollination option to managed bees. The flies can be bought
inand appliedtothecropasao@e¥ ¥ aiGNBI GYSyldé¢sx gKSNBIFIaA KAO®S 0SSa |
managed (or rented with a magament contract).

While flies are effective pollinators for glasshouse strawberries, it is possible thalfiyated strawberries will

be less appealing to customeend this may warrant further consideration and study.
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Managed Fly Pollinatofer Vegetable Seed

Crops

seedPurity and University of New England

Cameron Spurr, Raylea Rowbottom and Amy Lucas; Romirea, Rada Schmidt, Blake Dawson, Karen SantosAbbg
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Introduction

Australia produces approximately 2700ha of vegetable seed crops annually with an estimatedatarwvalue of $40
million. Production is centred in soutastern Australia (NSW, SA, VIC and TAS) and largely services export markets in
Europe, Asia and North America, as well as the domestic market. The Australian industry has established a reputation f
reliable, high quality carrot seed production, which has resulted in significant growth. Approximately 1800ha of carrot seed
is currently produced in Tasmania (950ha), South Australia (600ha) and, to sbdsseiin New South Wales and Victoria.
Other major insecipollinated vegetable seeds grown in Australia inclbdessicagcabbage, cauliflower, broccoli, kohlrabi,
brussessproutsand Asian greensalliums(bulband bunchingnionsand leek$, and other Apiaceae crops, including celery

and parsnip These crops typically feature smalhspecialised white, yellow or green flowers clustered in umbels (Alliaceae
and Apiaceae) or raceméGruciferae), and are predominantly pollinated by honeybees, both managed and\diickrse
assemblage of othénsects including flies, native bees, wasps and beetlescalswibutesto pollination in open field crops
(Howlettet al., 2005; Radeet al, 2009; Gaffnegt al, 2011) where most vegetable seed is grown. In other settisigsh

as cages, glasshouses or polytunnels, which are commonly utilised for production of bri@eeirand small, highialue

seed lots, flies can be used as an alternative or supplement to hongdikeation (Clementet al., 2007)

Much of the vegetable seed grown in Australia is hybrid seed, which is produced by pollmategl bearing (female)
parent line with pollen from a pollen donor (pollinator) parent lifollinatorand female hybrid seed parent lines are
typically grown in alternating 1m tém wide stripswithin the crop to facilitate pollen transfer and separation of the parent
lines during harvest. To ensungbridisation, theseedbearing line features either male sterilifgloesnot produce pollen)

or strongselfincompatibility (produces pollen but is largely incapable of-fetilisation) (Brownet al., 2006)

The prevalence of hybrid seed production in Australia is important because inadequate pollicetidre a yieldimiting
constraint in many hybrid vegetable seed crops, including cgEdtkson and Peterson, 1979; Spurr, 20@83ssicas
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(Brownet al., 2006)and onion(Delaplane and Mayer, 20Q0)Ynderlying factors restricting pollination include the nded
insects to move from a pollinator to a male sterile plant féeet pollination(Erickson and Peterson, 1979; Rodétl.,

1991) Another important factor is thedifferences betweerhybrid parent lines which elicit discriminatory foraging
behaviour in honeybeeand often resultin one parent line being visited to the exclusion of the otdele tovariation in
flower colour andmorphology, nectar production rateand/or nectar qualityErickson and Peterson, 1979; Rodetl.,

1991) In addition, honeybees sometiméad carrot and onion seed crops less attractive than other nearby forage sources
and leave thearget crop to forage elsewherfelaplane and Mayer, 20Q@nclosure coverings rotected crops can
compromisethe ability of honeybees to navigate and forage normélyer and Gould, 1981; Hait al., 2019) whilst
periods of inadequate pollination may also result from low temperature conditions limiting honeybee activity, particularly
in early season brassica crops.

The challenge of optimising pollination is reflected in the relatively high stocking rates for managed honeybees in hybrid
vegetable seed crops, which are typically around 10 hives/ha. This demand for hives can cause local supply issues and
reflected inthe relatively high price growers pay for crop pollination services. For example, in Tasmania, where there are
around 28,000 registered beehivé&griGrowth Tasmania, 202@pproximately 10,000 will be required in resgimmer to
pollinate the hybrid carrot seed crop but this need coincides with strong demand for hives from other pollination dependent
industries and occurs during the peak period of leatherwood honey productidrich is a mainstay of income for
Tasmanian beekeeper&iven the substantial reliance enanaged honeybees to pollinate vegetable seed crops, and the
challenges that this can present fachieving reliable yields in some situatiorgfforts to develop #ernative and
complementarypollinators for use in thisontext are warranted.

After bees, flies are one of the most common pollinators to visit vegetable seed @opart and Nye, 1960; Bohaat al,,
1970; Howlettet al., 2005; Radeet al., 2009; Gaffnegt al., 2011)andarethusan obvious target for research in this area.
To date, attention hasocusedlargelyon the use of flies for mass pollination in covered systems, including individually
bagged plantssmall cages, polythene tunnels and glassho@€ésmentet al., 2007; Curraland Ockendon, 1984; Faulkner
andHinton, 1980; Howlett, 2012; Wilsaat al., 1991) Comparatively few studies have examined the potential for flies to
be used as managedbgetable seed cropollinators in opersettings Animalmanureand carrionhave sometimesbeen
introduced into cropsn the hope that fliesand otherinsects will beattracted to the fieldfrom elsewhereand contribute

to pollination (Robertonet al, 2023) However, information regardinthe timing of suchintroductions, theirimpact on
pollinator species compositiomnd abundance, and any demonstrated improvementspailination and seed yield
outcomesin open fieldsettings isscarce

Although there is some evidence that species such as the European Drokeigtblistenax DipteraSyrphidae) could be

well suited to mass rearing for crop pollinati@®purr, 2003; Radet al., 2009; Howletit al., 2017; Gaffnewt al,, 2018)

specific information relating to the use of massared flies as managed field crop pollinators is lackitmwlett and Gee,

2019) We undertook this study to identify and develop promising candidate fly species for use as vegetable seed crop
pollinators in both open and protected cropping systems. The scope of our work included: crop surveys to identify promising
candidate speciesiiTAS, SA and NSW; evaluation of their effectiveness as pollinators relative to honeybees (the industry
standard managed pollinator) in open and protected settings; and, in conjunction with developing theraagsg
protocols and deployment strategies st@ibed elsewhere in this report, preliminary evaluation of fly dispersal, retention
and crop yield outcomes following pilstale open field releases in Tasmania. Additionally, we investigated habitat
augmentation strategies to promote wild populations momising fly pollinators in and around carrot seed crops. This
work will not only be of direct benefit to the vegetable seed industry but also to other horticultural industries interested
developing managed fly pollination through identification ofnrepecialised fly pollinators suited to mass rearing and
experience gained in deployment of managed fly pollinators into commercial cropping systems.

Methods

seedPurity, TAS and SA; University of New England, NSW

Pollinator surveys to identify candidate fly species with potential for development as managed pollivatersonducted
in commercial hybrictarrot seed crops grown at 11 sites 2018and 2019in the DerwentValley,Coal River Valley and
northern Midland§(TAS) and Naracoorte and Mt Gambier (scetist SA). In addition, 4 open pollinated and hybrid crops
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grown near Griffith (NSW) were surveyed in 202darvey crops varied in size from 1 to 20ha.

To avoid sampling method bias, 3 survey techniqwese employed in TASweep netting (sweeping), flight intercept
traps, and visual countsKigure 5). In SA survey methods were visual counts owlgual cound and sweeping surveys
were conducted alonfijve 30mtransectsof adjacent pollinator and male sterile beutseach field, with one transect located

in each quarter and one in the centfgach site was surveyed at weekly intervals on 4 to 5 occasions during the main bloom
period (December Januarypn days whemweather conditionswithin the crop were favourable fguollinator activity(i.e.

wind speed <18km/hour, no rainfall between 6am and commencement of survéig)al surveys were performed by
walking (0.5m/secondalong a20m bed section within the transect and recording all insects foraging on flowering carrot
umbels. Individual sweeping surveys comprised 10 back and forth net sweeps at canopy level over a 10m section of a singl
bed. Flight intercept traps were positiode20m from the end of each survey transect between the pollinator and male
sterile beds.Visud and sweeping surveys weoenducted between 10am and 4pm twincide with the main period of
viable pollen and nectar availability within carrot seed cr(ggurr, 2003)The timing of individual surveys at each site was
varied within this windowto prevent temporal bias in samplinglight intercept traps were deployed for a-Béur period

in each survey.

Figure 51: Tasmanian hybrid carrot field surveysa) Jack Connell emptying a flight intercept trapp) Emma Spurr
conducting counts of floral visitors;p) Tracy Thornley sweeping a crop. Photo credits: Diane Spurr, seedPurity.
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In NSWpollinator surveyscomprisedvisualcounts alongransectsonly, but the range of times over which surveys were
conducted was extended 105:00;9:00, 9:0@13:00, and 13:0€17:0Q to account for hotter and drier climatic conditions
rveys were conducted along twik® m transects: one along the edge of the carrot figdthd one positioned towards the
middle of the field. Each transect consisted of &ljacent bedsof plants;in hybrid crops this meant that transects
incorporatedadjacent pollinator and male sterile beds, with bdthing surveyedData loggers placed at each survey site
recorded climate dat#o identify relationships between insect abundance patterns and environmental conditions.

Identificatiors of samplesollected in sweeping and flight intercept surveys were derived from multiple squnodsding
the online AustraliarfPollinator Database subsection of Paliepartment of Agriculture, Water and the Environmetttg
OAGAT Sy aOASyOS & A Orfne field GoaASRDRISY angl Ellingsénd2012)y RIGHKEtb Mative Beenf
I dza  KHoustarl; ZD18)Pollinators observed in visual surveys were identified as faraicalunder field conditions
based on defining visible features afidr the majorpollinator groupsyoucher specimens that were collected and formally

identified.
Pollinator Efficiency
seedPurity, TAS; University of New England, NSW

Pollinator efficiency studies were conducted in NSW in 2024 commercial hybrid carrot seed crop grown near Griffith
Studies were performed botim open conditiongnd in nettedenclosuressm (L) x 3m (W) x 2(i)positioned over adjacent
rows of pollinator andnale sterileparentlinesin the same crop.

In TASlargecage trialsnvestigating pollinatoefficiency wereconducted at South Pacific Seeds trial ground in Richmond
(2020 and 2021)Three30m (L) x 10m (W) 2.4m (H) netted seed production cagese erected over 6 beds of a model
hybrid carrot seed parent line combination sown in42 (MS:pollinatorline) row arrangement(Figure 52. Prior to
flowering, each cage was divided irtree 10mx 10m rooms with verticainsectproof net walls. Open field work was
also conductedn commercial hybrideed cropsand a hybrid carrot seed production triacated near Richmon¢rAS)All
field sitesfeatureda brownanther MS parent line grown in a 4:2 (MS:pollinator line) eovangement.

Figure52: a) Pollination cages used for pollinator efficiency trials in TAS5) Hannah Allwright and Annik Witte (SPS
TAS) scoring foraging behaviour within a pollinator efficiency trial.
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seedPurity, TAS

In 2020, representative specimens of 11 focal pollinator species were collected\iBline plants in a commercial crop at
Richmond (TAS) assess pollen loading. Target insects were collected directly from flowering umbels into sample phials,
euthanised and assessed for pollen loading using a rinse method followed by microscopic examination of thé€Spusgte
2003) The corbiculae were removed frofn mellifergprior to rinsing.To evaluate the viability of pollesarriedby E. tenax

and A. mellifera we adapted the rinsing procedure to incluRfluorochromatic reactionktaining(Spurr, 2003and
evaluation under a UV fluorescence microscope.

seedPurity, TAS; Uwnérsity of New England, NSW

Given thenecessity ofcross pollinatiorfor hybrid seed production andvidence that pollinators display discriminatory
foraging of seed parent lind&ricksoret al,, 1979; Galuszket al, 1989) we investigated foraging behaviour by visually
trackingthe movement of three focal pollinatspecies (European honeybedspis mellifery, hoverflies Eristalis tenax

and brown blowfliesQalliphora stygipwithinand between parent lines in Eha open hybrid carrot trial in Richmond, TAS.

On 4 days during peak bloom, we assessed pollinator activity in spot counts of 20m transects in 3 time intervals 10am to
12noon, 12noon to 2pm and 2pm to 4pm. During the peak period of activity for each species, 10 individuals of that species
were locatedon a bed of the pollinator line and their next 10 moves to other umbels recorded in terms of parent line
(pollinator or MS) and royosition.

We assessd insectmediated pollen transfeby offering umbellets excised from pfgagged virgin MS umbels to target
insects in the open or in cages (NSW) or allowing an individuasit prebagged virgin umbels in large seed production
tents stocked with the target pollinator species (TASYisét wasrecordedwhen the insectommencedfeeding/probing
flowers for nectar or pollenand visits were timed until the insect left the umbellet. When visits weréisitu umbels
(TAS), we also counted the nber of umbellets contacted by the insect during its viitvisit completionthe umbellet
was subsampled and 5representative florets were scored for pollen deposition (in TAS we used'iiabellet contacted
during the umbel visit)Pollen depositiorper stigma and the number of pollinated flowers per umbelietre estimated by
observingthe number of carrot pollen grains adhered to teegmasurface offlowers mounted in basic fuchsin jelly and
examined under a compound microscof&purr, 2003)

In NSW, dcal insect specider the SVDexperimentswere A. mellifera, the native sweat be€lLasioglossum cognaturand
two hoverflies(E tenaxand Eristalinus punctulatysWhile thetwo bee specieseadily visited umbelletsffered to them
in open field conditionsthe two hoverfly speciedlid not, and so to collect SVD replicatege caught wilchoverfliesfrom
the adjacent cromnd placed them within cageBor both bee species artel tenax we collected SVData intwo time
periods: before noon (05:@12:00) and afternoon (12:@17:00. Data forE. punctulatuwisits were only collected in the
morning period aghese flies usually visited flowers before nodn.Tasmaniafocal insect species fo® experiments
were theA. mellifera the C. stygiaandE. tenaxand dl samples were collected from-situ visits between 11:00 and 14:00.
At both locations, walsosampledbetween1-3 unvisited umbellets pevirginumbel to test if pollen flow occurred without
pollinator visitation.

seedPurity, AS

Seed yield data were collected from the Tasmardarrot seedcage trials to compare the performance of two potential
managed fly pollinatorsH. tenaxandC. stygid with that of A. mellifera(the current industry standard managed pollinator).

In 2020, the rooms within the cages were individually stocked #vittmellifera(1 nucleus hive with ca. 3000 bees) tenax

(600 adults) ocC. stygig 600 adults). In 2021, the rooms within the cages were individually stockedAwitkelliferaonly

(1 nucleus hivger room),E. tenaxonly (600 adults), or a combination Af melliferaandE. tenax1 nucleus hive plus 600
hoverflies). Each year, individual pollinator treatments were replicated 3 times (9 rooms total) in a randomised complete
block design. Seed yields were determined for 40 whole plant samples taken from each room. Samples dere drie
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threshed, and cleaned to a commercial standard.

seedPurity TAS

In collaboration with industry partners SPS, BSA and TPS, seedPurity monitored corrsoelejalperfield releases of
massrearedE.tenax as a complementary pollinator to honeybees in hybrid carrot and brassica seed crops between 2021
and 2024. The key objective was to understand fly survival, dispersal and retention within the target crop to inform
deployment strategies. Field sites varieetween 2ha and 17.5ha, with stocking rates ranging from 5,000 to 60,000 pupae
per hectare. We arranged a grid aftlveen10 and61, 20m long transects at each study site and, at weekly intervals during
flowering, conducted visual counts &. tenaxand A. melliferaforaging on pollinator and MS line flowers within the
transects. Surveys were conducted between 10:00 and 14:00 each day, under favourable conditions for pollinator activity.
Survey data were visualised using the geocoordinate function with HeatmappshgW/Research Group, University of
Alberta), a wekbased application used under creative commons license

Following on from a separate industry funded study that demonstrated pollination limitation of seed yields in hybrid
Brassica oleraceseed crops in Tasmaniggurr and Lucasnpublished daty we conducted field experiments in 2023 and
2024 to determine whether complementary stocking wkh tenaxand A. melliferaimproved yield outcomes in hybrid
cauliflower and hybrid broccoli seed crops. Three commercial sites, each approximately 2ha in size, were selected neal
Richmond (TAS) for the study. Each sitswtocked withA. melliferafor the full flowering period, in accordance with
commercial production standards, but drone fly stocking regimes varied between sites. Sites 1 and 3 were stodked with
tenaxonly for the latter half of peak bloom, while Site 2 vgasckedwith themonly for thefirst half of peak bloomStocked

flies at Site 2 were eradicated after 2 weeks by application of a low residual contact insecticide, applied at night to avoid
disruption to A. melliferaand native beesPollinator adwity was surveyed 2 3 times per weeHlor the duration of the
flowering period along a grid ofwelve 20m transects spread throughout each cr@neach surveydate, we applieda
supplemental hand pollination treatment to 5 flowers on 2 plants in each transect and tagged a matching set afrihsect
pollinated flowersi(e. a total of120 flowers per pollination treatment on each survey date). The supplemental pollination
treatment was used to represent yield potentiahder conditions of unlimited pollinatignwhereas the inseebnly
treatment represented realised yield potential under the different pollinator stocking regimes. At maturity, pods from
plants receiving eacpollination treatment were collected for yield determination (% of flowers setting padd number

and weight of seeds/pod).o comparecomplementary pollination witi\. melliferaonly pollination we standardised yield

data from the insecbnly pollinatedflowers against the corresponding data for supplementally pollinated flowers from the
same stocking regime

University of New EnglandNSW

In 2022 ve investigated whether nofioral habitat could attract and support reproductiarf E. tenaxand E. punctulatus

using portable poolgleployed at 4 commercial hybrid carrot fields in Griffith, N&Wure 53, a SinceE. punctulatusvas
observed ovipositing on decaying male carrot plants removed before harvest, we tested two habitat treatments: (1)
decaying carrot plants with water, and (2) decaying carrot plants with water and farm soil. One of each treatment was
placed atl-2 locations atach site(14 poolsin total) and left to decay for 121 days. Pools were then examined to count
syrphid fly eggs and larvae, record where eggs were laid within the pools (e.g., stems, roots, umbels, leaves), and determin
larval instar stages (the pied in which the maggot is growing). Syrphid fly larvae were reared to adults to confirm species
identifications(Figure 53, b)
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Figure53: Experimental design of the habitat pools deployed to attraceristaline flies: (a) habitat pool yet to be filled
with water within a seed carrot field; (b) an adult, femaleEristalis tenax(Linnaeus, 1758) fly within a deployed habitat
pool. Arrowheads are pointing to the habitat pool and adult eristaline fly foclarity.

Results

seedPurity

Excluding insects <3mm in length, wbserved 25,572 florabisitors in carrot seed crops in the TAS and SA surveys,
comprising at leas¥8 different taxa 81 species andd7 morphospeciesavere identified. Although the abundance of
different taxa varied between survey methods in TasmaRigL{re 54, overall trends were broadly similarhe main insect
ordersobserved, beginning with the most abundamtereHymenopterabees and wasps), dominated By melliferafrom
managed hives stocked into the croiiptera (flies); and, in TAS but not S&pleoptera(beetles), dominated by nectar
scarabs, lady beetles and soldier beeflegure 5%. We identified 24 families of flies that visited carrot flowégure 56.

The dominant species (by number) were the common houshkflys¢a domesticathe blowflies,C.stygiaand Calliphora
vicina(Bluebottle Fly andLucilia sericat§Common green bottlély); and the hoverfliesE.tenax Simosyrphus grandicornis
andMelangyna viridicepérigure 56 and 57
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