Basic and Applied Ecology 84 (2025) 21-28

Contents lists available at ScienceDirect = mmidkdow
Basic and Applied Ecology
éLSEVI ER journal homepage: www.elsevier.com/locate/baae e
RESEARCH PAPER ' :.)

Check for

Adding non-floral resources increases wild insect abundance but not yield =
in Australian hybrid carrot crops

Blake M Dawson °®, Nikolas P Johnston ", Stephanie Cerato *, Raylea Rowbottom ¢,
Cameron Spurr °, Abby Davis *, Romina Rader

@ School of Environmental and Rural Science, University of New England, Armidale, NSW 2350, Australia

Y Molecular Horizons Institute, School of Chemistry and Molecular Bioscience, University of Wollongong, Wollongong, NSW 2522, Australia
€ School of Life Sciences, Faculty of Science, University of Technology Sydney, Ultimo, NSW 2007, Australia

d seedPurity, Margate, TAS 7054, Australia

ARTICLE INFO ABSTRACT

Keywords:
Diptera
Horticulture
Food security
Biodiversity
Agroecosystem

Many insect pollinator-dependent crops heavily rely on managed honey bees for pollination, yet flies and other
wild taxa can be highly abundant and efficient, thus having potential as complementary pollinators. However,
unlike bees, fly pollinator life history requirements and foraging behaviour are often unsupported in agro-
ecosystems, or completely unknown. We aimed to determine the effectiveness of different non-floral resources in
attracting fly pollinators and supporting their life history requirements, and whether higher fly abundance would
result in improved seed yield in hybrid carrot crops. We introduced three decomposing organic resources
(carrion, manure, and carrot plant material) to four commercial carrot farms in Northern Tasmania, Australia
and sampled fly activity on carrot umbels around each treatment. In total, we recorded 46 adult insect species
visiting carrot umbels across all treatments, consisting of 32 Diptera (flies), eight Coleoptera (beetles), four
Hymenoptera (bees, wasps and ants), and two Hemiptera (true bugs). We collected 10 fly species and one beetle
species as larvae from the resources. Both the carrion and carrot treatments supported five different larval
species, while the manure supported two. Only Lucilia sericata, Australophyra rostrata, and Oxysarcodexia varia
were more abundant on carrot umbels around treatments compared to the control, and seed yield around the
treatments did not differ to the control. Our results suggest that the inclusion of non-floral resources can fulfil the
life history requirements of flies in agroecosystems. However, determining whether the addition of non-floral
resources also results in increased yield, requires further investigation.

Introduction

Pollination is a crucial ecosystem service, facilitating the reproduc-
tion and dispersion of flowering plants (Kevan & Viana, 2003). Insects
play a pivotal role in pollination, serving as primary pollinators for a
wide range of plant species (Kearns & Inouye, 1997). This dependency
on insect-mediated pollination is of vital importance to horticultural
crops, where approximately 80 % of crops are reliant on insect polli-
nation for adequate yields (Aizen et al., 2019). Currently, the European
honey bee (Apis mellifera Linnaeus 1758) is the primary managed
pollinator utilised globally to pollinate most global food crops (Hung
et al., 2018). Honey bees are ideal managed pollinators due to their high
flower visitation rates and ease of hive management and relocation
(Roquer-Beni et al., 2022). However, global reliance on honey bees as
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primary managed pollinators is concerning, especially as honey bees
face several threats such as disease, pathogens, pesticide usage, and
Varroa mite, all of which adversely affect honey bee health and polli-
nation efficacy (Goulson et al., 2015; Klein et al., 2007; Meixner, 2010;
Vanengelsdorp et al., 2008). Other insects are known to visit crop
flowers and greater research is needed to determine if their life history
requirements can be supported in agricultural landscapes and the extent
to which they can be used as supplementary pollinators to support
global food security (Osterman et al., 2021).

Wild non-bee insect taxa are understudied crop pollinators that could
be incorporated into management practices to supplement managed
honey bee pollination on farms (Rader et al., 2020). Among these
non-bee taxa, flies are often the most common pollinators observed, and
have been documented pollinating crops such as avocado, mango,
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blueberry, macadamia, and carrot (Cook et al., 2020b). Research has
shown that flies can be efficient crop pollinators (Jauker & Wolters,
2008), more active than honey bees under certain conditions (Rader
et al., 2013), and can simultaneously fulfil other beneficial ecological
roles such as biocontrol agents (e.g., feeding on pest aphids) (Dunn et al.,
2020). Trials have shown flies have been able to produce adequate
yields of seed and/or fruit in avocado (Cook et al., 2023), blueberry
(Cook et al., 2020a), hybrid celery and fennel (Sanchez et al., 2022a),
watermelon (Sanchez et al., 2022b), onion (Currah & Ockendon, 1983),
hybrid carrot (Howlett, 2012), mango (Saeed et al., 2016), strawberry
(Hodgkiss et al., 2018), and sweet pepper (Jarlan et al., 1997); however,
experiments focused on flies as managed pollinators have generally
focused on mass releasing laboratory-reared flies within a limited spatial
scale (e.g. caged single tree or green house) (Dunn et al., 2020). Addi-
tionally, unlike honey bees, most flies require additional resources apart
from nectar and pollen to fulfil their life history requirements (Davis
et al., 2023a). For example, the common fly pollinator Eristalis tenax
(Linnaeus, 1758) requires organic matter that is partially submerged in
water for larval growth and development (Howlett & Gee, 2019), while
several blowfly species require decomposing carrion for reproduction
and larval development (Dawson et al., 2021). Therefore, retaining and
maintaining fly populations in agroecosystems would be difficult as flies
would leave to seek these additional habitat resources. The complex life
history of fly pollinators has yet to be fully incorporated into experi-
ments investigating the utility of these insects as supplement pollinators
in agroecosystems.

Additional resources could be added to the crop landscape to support
the life history of the targeted fly pollinators. Supporting and promoting
fly populations, and insects in general is critical for maintaining
ecosystem function, especially as insect populations decline globally due
to several factors like deforestation and land-use changes (Wagner et al.,
2021). While it has been shown that the addition of floral resources,
such as floral strips enhances insect biodiversity and pollination
(Carvalheiro et al., 2012; Desaegher et al., 2021; Feltham et al., 2015;
Munoz et al., 2021), the importance of non-floral resources, such as
decomposing organic matter for retaining and supporting pollinator
diversity has received comparatively less attention (Cook et al., 2020b).
Many fly species observed visiting and pollinating crops require
decomposing organic matter for larval development (Davis et al.,
2023a). Adding non-floral resource could be an effective strategy to
support fly populations in agroecosystems and thereby maintain key
ecosystem services like pollination (Davis et al., 2023b).

Further research is required to determine the effectiveness of non-
floral resources in attracting and retaining fly pollinators in different
crop systems. In this study, we investigated how introducing three
different non-floral resources to hybrid carrot crops influenced insect
pollinator activity and seed yields. Specifically, our study addresses the
following three research questions:

1) Does the introduction of non-floral resources support flower visiting
insects within carrot seed crops?

2) Does the composition of flower visiting insects vary with different
non-floral resources?

3) Do these non-floral resources result in improved seed yields around
the non-floral resources?

Materials and methods
Study site

We conducted this study at four commercial hybrid carrot crops
(Daucus carota L) around the Longford region in Tasmania (TAS),
Australia. The four sites were located a minimum distance of 7 kms away
from each other and all had managed honey bee hives on site for
pollination. The sites ranged in size from 14.8 ha to 26.8 ha and were
located in an area dominated by commercial agriculture, surrounded by
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other crops, livestock, and patches of dry eucalypt woodland. Each site
consisted of a single carrot cultivar, with a different cultivar planted at
each site (see Appendix A: Table S1 for site details). In hybrid carrot seed
production systems, two parent plant lines, the male fertile (pollen-
producing) plants and the male sterile (seed bearing) plants are grown in
alternating strips within fields. This is to facilitate cross-pollination
between the two parent lines, as pollen from the male fertile line must
be transferred to the male sterile flowers for successful pollination to
occur. Therefore, the plant is dependent on insects for pollination to
move the pollen between the plant lines. Currently, managed honey bees
are the main pollinator used in hybrid carrot seed crops, however, crop
yields are sometimes low, potentially due to a shortfall in pollination
(Broussard et al., 2017). To overcome this shortfall, a high hive density
is often used, but even this may be insufficient for some varieties
(Quarrell et al., 2023).

Experimental design

Three resource treatments and a control were used in this study,
decomposing kangaroo mince (‘carrion’), horse manure (‘manure’),
carrot plant material (‘carrot’), and a control consisting of no resource
(‘control’). These resources were chosen as they were most likely to
attract fly species that were previously observed on carrot umbels in
field surveys in TAS (Gaffney et al., 2011). The kangaroo mince was
purchased from Greens Quality Meats, Dynnyrne TAS, horse manure
from Margate, TAS and the carrot plant material was collected on site at
each trial location. We placed 1 kg of each resource in a 5-litre bucket
with 500 ml of tap water and 500 g of soil collected from each trial
location, while an empty bucket was used for the control treatment.
On-site soil was incorporated into each resource to introduce local mi-
crobes to facilitate decomposition and release of volatile organic com-
pounds (Crippen et al., 2015). Only 1 kg of resource was used per
replicate as we were interested in determining which species were
attracted to the resources and used the resources as a breeding substrate,
not whether the resources could support a large quantity of larvae. A lid
was secured to the top of the bucket to prevent access by scavengers and
three 2-3 cm? holes were cut along the top edge of the bucket to allow
access by insects. The buckets were hung approximately 1 m off the
ground on a wooden stake and placed along the outside of the crop field
(no >30 cm away from the crop edge) so they were not in the way of
machinery and workers. Three replicates of each treatment were placed
at each site, totalling 12 replicates per site, and 48 in total across the four
sites. Treatments were placed around the whole perimeter of a crop field
at a minimum distance of 50 m apart. This distance was chosen due to
the size of sites, and it is the minimum distance required to maintain
independence between replicates when attracting saprophagous insects
(Perez et al., 2015). Treatments were placed in the field on the 16-17th
December 2022 just as the primary umbels began to open and resources
were left to decompose naturally for 12-13 days before sampling
commenced. This time frame was chosen to allow all resources to at least
begin decomposing before sampling occurred as different necromass
decays at different rates and we wanted to observe what species are
attracted to each resource during decomposition (Butterworth et al.,
2022).

Sampling

Sampling was conducted between 09:00-15:00 on sunny days with
no rain, and sampling occurred at least five times per site. Sampling
occurred between 29th December 2022 — 7th January 2023, lasting a
total of 12 days. To count pollinator abundance and diversity, a 5 m
transect was observed for 5 min at each replicate. Each transect was
conducted along the male sterile row, beginning at the edge of the field
adjacent to a bucket, and extending toward the centre of the crop field.
Only insects that were directly on the carrot umbels were recorded.
Species that could not be visually identified to species-level on site were
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identified to morphotypes and representatives of each species were
collected for identification. Within every transect, the number of
blooming umbels were recorded and separated into four categories:
0-49, 50-99, 100-149 & 150+ umbels. Ambient temperature was also
recorded at each transect using Kestrel Drop 2 data loggers (Nielsen-
Kellerman Company). At the conclusion of the sampling period, on 8th
January 2023, all replicate resources were searched for eggs, larvae, and
pupae, and representatives of each type present were collected for
identification. All collected specimens were stored in 70 % ethanol.
Adult specimens were identified to species level where possible, or to the
lowest possible taxonomic level (e.g., genus or family) using several
taxonomic keys (Colless, 1982; Crosskey, 1973; Johnston & Wallman,
2021; Li & Yeates, 2018; McAlpine, 2012; Pont, 1973; Wallman, 2001)
and the online resource “What bug is that?" provided by CSIRO,
Australia. Calliphora stygia (Fabricius, 1781), and Calliphora hilli Patton
1925 were grouped together for analysis as they could not be reliably
distinguished in the field. When morphological techniques were not
possible, some adult specimens and all larvae were identified using
analysis of the cytochrome oxidase 1 barcoding region. DNA extraction,
amplification and sequencing were completed commercially using the
Australian Genome Research Facility (AGRF; Melbourne, Australia)
using the primer pair LCO1490-L & HCO2198-L, previously shown to be
successful across a range of Diptera (Gibson et al., 2011; Johnston et al.,
2021; Meiklejohn et al., 2013). Sequences were edited using Ugene
(Okonechnikov et al., 2012) and compared against sequences deposited
in the GenBank database via nucleotide BLAST facilitating species
identification.

Carrot seed yield

Yield samples of the number of seeds produced from carrot umbels
was also collected. At crop maturity, on the 6th March 2023, 20 primary
umbels were collected from a 10 m radius around each replicate and
transported to the seedPurity laboratory for yield determination. Pri-
mary umbels were only collected from the male sterile row. Harvested
samples were packed in net bags and held in a laboratory air drying
chamber (30 C° and 25 % RH) for 1 week. After drying, the samples were
threshed and debearded using a laboratory thresher (Wintersteiger, Salt
Lake City, USA). Seed cleaning was performed using a laboratory sized
clipper-cleaner (Blount Agri- Industrial, Indiana, USA) and a South
Dakota seed blower (Seedburo, Chicago, USA). Seed yields were deter-
mined on a dry weight basis by the low constant temperature method
(ISTA, 1993). We calculated the average total seed weight per umbel
around each replicate (g/umbel).

Data analysis

To determine the effectiveness of the treatments in attracting polli-
nators we performed a series of analyses on different metrics of polli-
nation. First, we conducted a generalised linear mixed model (GLMM) to
determine how the treatments influenced insect abundance on umbels.
We used treatment (categorical variable with 4 levels) as a fixed effect
and included ambient temperature as a covariate in the model. We also
included a quadratic term for temperature into the model to account for
the likely non-linear relationship between insect abundance and tem-
perature due to physiological reasons (Rojano et al., 2021). We included
site as a random effect to account for differences between cultivars and
we nested replicate ID in site to account for repeated measures. We also
included the number of umbels as a random effect in the model to ac-
count for an uneven number of umbels between transects. We used a
negative binomial distribution and the R package “glmmTMB” (Brooks
et al., 2017) to fit the GLMM. The R package “performance” (Liidecke
et al., 2021) was used to assess the model performance. We also con-
ducted a pairwise comparison of the GLMM predicted variables using
the R package “emmeans” (Lenth, 2023).

Second, we conducted a permutational multivariate analysis of
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variance test (PERMANOVA) to determine how the treatments influ-
enced the insect community composition on umbels. We used a Bray-
Curtis dissimilarity matrix to calculate the distance matrices, and used
treatment as a fixed effect. We also included site and number of umbels
as random effects. Rare species, defined as those that had an overall
abundance less than or equal to 5 across all samples were removed prior
to analysis. A complete species list can be seen in Appendix A: Table S2.
We used the R package “vegan” (Oksanen et al., 2022) to conduct the
PERMANOVA. We visualised the insect community by plotting the
ordination as a non-metric multidimensional scaling (nMDS) plot.

Third, we conducted a Bayesian ordination and regression analysis to
determine how individual insect species responded to the treatments.
We used the same data (with rare species removed) and variables as the
PERMANOVA. We used a negative binomial distribution and two latent
variables. We plotted the X-coefficient estimates as effect sizes and
interpreted the effects as significant if their 95 % credible intervals did
not cross the zero-effect posterior median line. We used the R package
“boral” (Hui, 2016) to conduct the Bayesian analysis.

Finally, we conducted another GLMM to determine how the treat-
ments influenced carrot seed yield. We used average dry seed yield (g/
umbel) around each replicate as a response variable, treatment as a fixed
effect and site as a random effect. We used a gaussian distribution and
the same R packages as the previous GLMM. All analyses were per-
formed in R version 4.2.3 (R Core Team, 2023) and plots were created
using the R package “ggplot2” (Wickham, 2016).

Results

In total we conducted 205 transect counts and found 46 insect spe-
cies on hybrid carrot umbels across all treatments, consisting of 32
Diptera, eight Coleoptera, four Hymenoptera and two Hemiptera
(Appendix A: Table S2). The sepsid fly Parapalaeosepsis plebeia (Meijere,
1906) was found to be the most abundant species on umbels, followed
by the blowfly Calliphora accepta Malloch, 1927 (Appendix A: Table S2).
Honey bees (A. mellifera) were the fifth most abundant species observed.
Six fly species (C. stygia, Lucilia sericata (Meigen, 1826), Oxysarcodexia
varia (Walker, 1836), Australophyra rostrata (Robineau-Desvoidy 1830),
Muscina stabulans (Fallén, 1817) and P. plebeia) were observed visiting
carrot umbels and also found as larvae on one or more of the resources
provided (Table 1).

Larval species diversity differed between the treatments. In total, we
collected larval representatives from 11 insect species. Most species (10)

Table 1

Number of replicate resources where insect larval species collected directly from
the decomposing carrion, manure, and carrot material treatments. Total repli-
cates for each resource = 12 and * indicates that the species was also observed
on carrot umbels as an adult.

Order Family Species Carrion  Manure  Carrot
Diptera Calliphoridae Calliphora stygia* 12 1
Calliphora sp.

Lucilia sericata* 1

Diptera Sarcophagidae = Oxysarcodexia 4
varia*

Diptera Muscidae Australophyra 7
rostrata*

Diptera Muscina 1
stabulans*

Diptera Musca 2
vetustissima

Diptera Sciaridae Bradysia pallipes 4

Diptera Anisopodidae sp. 6

Diptera Sepsidae Parapalaeosepsis 1
plebeia*

Coleoptera  Histeridae Saprininae sp. 1
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were Diptera, while the remaining one species was a Coleopteran
(Table 1). The carrion and carrot resource both had five different larval
species, while the manure only had two species. There was only one
blowfly species, C. stygia, that was found on both the carrion and carrot
resource. All other larval species were only collected from a single
resource.

We found the abundance of insects on umbels was not significantly
different between treatments (GLMM: p > 0.05, Appendix A: Table S3).
There was a large amount of variation in insect abundance around each
treatment, with several outliers of high abundance (Fig. 1 (a)). Average
abundance on umbels around the carrot treatment was the highest,
while the lowest was around the control. We found that insect abun-
dance on umbels was significantly affected by ambient temperature,
with a positive linear effect (GLMM: estimate = 0.925, std. error =
0.126, z value = 7.343, p < 0.001) and a significant negative quadratic
effect (GLMM: estimate = —0.021, std. error = 0.003, z value = —7.021,
p < 0.001) (Fig. 1 (b)).

We found treatment did not significantly influence the insect com-
munity composition on umbels (PERMANOVA: F = 1.11, p = 0.065).
The insect community on umbels around each treatment did not differ,
and there was a large amount of community overlap between the
treatments (Fig. 2). As for individual species, most species observed on
umbels were not significantly affected by the treatments (Fig. 3).
However, L. sericata, A. rostrata and O. varia had significantly higher
abundance on umbels around the carrion resource compared to the
control. In addition, L. sericata also had a higher abundance on umbels
around the carrot resource compared to the control. Only the abundance
of one species, larvae of the lady beetle Hippodamia variegata (Goeze,
1777) was reduced on umbels near the manure resource compared to the
control.

We harvested 20 primary umbels around each replicate treatment
and found the average clean, dry seed yield from the primary umbels
was not significantly different between any treatments (GLMM: p >
0.05, Appendix A: Table S4). Average yield around the manure treat-
ment was found to be the highest, while the other three treatments had
similar yield (Fig. 4).
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Fig. 2. NMDS plot comparing insect community composition on carrot umbels
around the treatments (control (no resource), carrion, manure, and
carrot material).

Discussion

We aimed to determine if non-floral resources could support fly
pollinator life history requirements in a crop landscape, and whether
this would lead to increased insect activity on carrot umbels. Each
resource supported the larval development of unique species, thereby
highlighting the potential for non-floral resources to maintain biodi-
versity. Although these resources could be present in the surrounding
environment, adding these types of non-floral resources to agro-
ecosystems could increase species distributions and connect habitats
given the patchy nature of these resources (Butterworth et al., 2022).
Our results are similar to other studies that demonstrate how increasing
agroecosystem heterogeneity can promote insect biodiversity (Benton
etal., 2003; Fijen et al., 2022) and possibly pollinator activity; however,
further examination of the larval species reared in this study is needed to
determine if they are able to effectively pollinate carrot crops. Not only
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Fig. 1. (a) Predicted abundance of insects on carrot umbels around the treatments (control (no resource), carrion, manure, and carrot material). (b) Abundance of
insects on carrot umbels compared to ambient temperature ( °C). Smoothed line represents predicted abundance and shaded region represents 95 % confidence

intervals. Predicted values and confidence intervals are derived from the GLMM.
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can non-floral resources potentially promote biodiversity, but they may
also benefit other ecosystem services as many species provide dual
ecosystem benefits such as decomposition or biocontrol (Dangles &
Casas, 2019; Dunn et al., 2020). Landscape simplification and habitat
destruction are some of the leading causes of insect decline globally, but
by altering agroecosystem landscapes with non-floral resources, we may
be able to support and bolster insect biodiversity and maintain key
ecosystem services (Cardoso et al., 2020).

The addition of non-floral resources increased the abundance of
three fly species observed on carrot umbels, however most other species
were unaffected by the resources, and subsequent seed yield was unaf-
fected. A similar study in mangos used decomposing fish to attract fly
pollinators and found no yield benefits, which they hypothesised was
due to pollination saturation by a highly abundant hoverfly (Finch et al.,
2023). Yield may have been unaffected in our experiment as flies
attracted to the resources were potentially not moving between male
and female flowers, unable to carry and transfer pollen efficiently
(Gaffney et al., 2018), and/or resources were not out long enough or in a
large enough quantity. The yield in our experiment is considered above
average compared to yields from previous years and other sites, which

25

suggests that there might not have been a substantial pollination gap at
our sites this year. A pollination saturation by managed honey bees
could have occurred at our sites as they were located in an area domi-
nated by commercial agriculture. However, it’s important to note that in
other locations and seasons, yields are low in part due to a pollination
shortfall (Broussard et al., 2017).

Alternatively, other factors may have impacted yield including the
timing of resource deployment and the scale of the experimental study.
The timing of resource placement should be considered when attempt-
ing to attract insect pollinators to crops. Insect abundance around
ephemeral resources often fluctuates over time (Butterworth et al.,
2022). For example, fly abundance around carrion is generally high
during the first few days of decomposition (Payne, 1965). As decom-
position progresses, adult flies around the carrion become less abundant
as they finish ovipositing and the carrion changes in quality and quantity
(Dawson et al., 2022). Abundance increases again later in decomposi-
tion as a new generation emerges from pupae if the resource is large
enough to support larval development. Recently emerged flies may also
be more likely to visit flowers as females require a protein source just
after emergence to develop their ovaries, which they can acquire from
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pollen (Mackerras, 1933). In our experiment, the resource quantity and
duration of resource deployment might not have been sufficient for
widespread emergence or alter local fly population abundance and di-
versity. Future experiments should incorporate a time series-based
approach to determine the optimal length of time for resource deploy-
ment, and measure fly populations in surrounding landscapes to assess
whether pollination services are already sufficient.

The resources in our experiment facilitated the reproduction of
several species, and therefore biodiversity benefits in a generally ho-
mogenous environment. However, caution must be used when choosing
non-floral resources and taxa to target as some species have costly
negative impacts. For example, blowfly larvae of L. sericata were found
in the carrion resource, and adult abundance of L. sericata on umbels was
found to have increased around the carrion and carrot resource. This
species of blowfly can cause myiasis in livestock which can result in the
death of the host animal if left untreated (Bambaradeniya et al., 2022;
Phillips, 2009). Species like hoverflies which have additional positive
impacts such as biocontrol agents should be targeted in future non-floral
resource addition experiments (Dunn et al., 2020; Wotton et al., 2019).
There are also some potential health risks that need to be examined
before some non-floral resources are implemented into agricultural
systems. It currently remains relatively unknown if harmful pathogens
from decomposing organic matter can be carried by flies, transferred to
flowers, and persist from flower to fruit (Forster et al., 2007; Fotedar
et al., 1992).

Conclusions

Overall, we have shown there are potential biodiversity benefits in
adding non-floral resources to localised crop landscapes as flies were
able to utilise the resources for larval development. However, any
benefits the resources provide to crop yield require further investigation
and is likely dependent on several factors such as the biology and
management of the crop system, the non-floral resource used, and the
timing of non-floral resource placement. Future experiments should
consider these factors carefully, and consider other management prac-
tices such as mass releasing reared flies simultaneously to placing re-
sources (Cook et al., 2020b). This would ensure released flies do not
disperse quickly out of open crops as they have the necessary resources
within the vicinity to fulfil their life history requirements. Understand-
ing fly behaviour, biology, and life history requirements is key to uti-
lizing flies as managed pollinators to supplement honey bees.

26

Basic and Applied Ecology 84 (2025) 21-28
CRediT authorship contribution statement

Blake M Dawson: Writing — review & editing, Writing — original
draft, Visualization, Methodology, Investigation, Formal analysis,
Conceptualization. Nikolas P Johnston: Writing — review & editing,
Methodology, Formal analysis. Stephanie Cerato: Writing — review &
editing, Investigation. Raylea Rowbottom: Writing — review & editing,
Methodology, Investigation. Cameron Spurr: Writing — review & edit-
ing, Methodology, Investigation. Abby Davis: Writing — review &
editing, Methodology, Conceptualization. Romina Rader: Writing —
review & editing, Methodology, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

We thank all growers who allowed us to conduct the experiment on
their property and we thank Annick Upchurch for her assistance with
field work.

Funding

This work was funded by Hort Innovation as part of the national
collaborative project on Managing Flies for Crop Pollination (PH16002)
with the support of the Department of Primary Industries and Regional
Development (DPIRD) (formerly the Department of Agriculture and
Food Western Australia), Western Sydney University, University of New
England, The University of Western Australia and seedPurity Pty Ltd.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.baae.2025.01.007.

References

Aizen, M. A., Aguiar, S., Biesmeijer, J. C., Garibaldi, L. A., Inouye, D. W., Jung, C.,
Martins, D. J., Medel, R., Morales, C. L., Ngo, H., Pauw, A., Paxton, R. J., Sdez, A., &
Seymour, C. L. (2019). Global agricultural productivity is threatened by increasing
pollinator dependence without a parallel increase in crop diversification. Global
Change Biology, 25, 3516-3527. https://doi.org/10.1111/gcb.14736

Bambaradeniya, Y., Magni, P., & Dadour, I. (2022). Traumatic sheep myiasis: A review of
the current understanding. Vet Parasitology, 109853. https://doi.org/10.1016/j.
vetpar.2022.109853

Benton, T. G., Vickery, J. A., & Wilson, J. D. (2003). Farmland biodiversity: Is habitat
heterogeneity the key? Trends in Ecology & Evolution, 18, 182-188. https://doi.org/
10.1016/S0169-5347(03)00011-9

Brooks, M. E., Kristensen, K., Van Benthem, K. J., Magnusson, A., Berg, C. W., Nielsen, A.,
Skaug, H. J., Machler, M., & Bolker, B. M. (2017). glmmTMB balances speed and
flexibility among packages for zero-inflated generalized linear mixed modeling. The
R Journal, 9, 378-400. https://doi.org/10.32614/RJ-2017-066

Broussard, M. A., Mas, F., Howlett, B., Pattemore, D., & Tylianakis, J. M. (2017). Possible
mechanisms of pollination failure in hybrid carrot seed and implications for industry
in a changing climate. PloS One, 12, Article e0180215. https://doi.org/10.1371/
journal.pone.0180215

Butterworth, N. J., Benbow, M. E., & Barton, P. S. (2022). The ephemeral resource patch
concept. Biological Reviews, 98, 697-726. https://doi.org/10.1111/brv.12926

Cardoso, P., Barton, P. S., Birkhofer, K., Chichorro, F., Deacon, C., Fartmann, T.,
Fukushima, C. S., Gaigher, R., Habel, J. C., & Hallmann, C. A. (2020). Scientists’
warning to humanity on insect extinctions. Biological Conservation, 242, Article
108426. https://doi.org/10.1016/j.biocon.2020.108426

Carvalheiro, L. G., Seymour, C. L., Nicolson, S. W., & Veldtman, R. (2012). Creating
patches of native flowers facilitates crop pollination in large agricultural fields:
Mango as a case study. The Journal of Applied Ecology, 49, 1373-1383. https://doi.
org/10.1111/j.1365-2664.2012.02217.x

Colless, D. (1982). Australian anthomyiidae (Diptera). Australian Journal of Zool, 30,
81-92. https://doi.org/10.1071/209820081

Cook, D. F., Deyl, R. A., Mickan, B. S., & Howse, E. T. (2020a). Yield of southern
highbush blueberry (Vaccinium corymbosum) using the fly Calliphora albifrontalis


https://doi.org/10.1016/j.baae.2025.01.007
https://doi.org/10.1111/gcb.14736
https://doi.org/10.1016/j.vetpar.2022.109853
https://doi.org/10.1016/j.vetpar.2022.109853
https://doi.org/10.1016/S0169-5347(03)00011-9
https://doi.org/10.1016/S0169-5347(03)00011-9
https://doi.org/10.32614/RJ-2017-066
https://doi.org/10.1371/journal.pone.0180215
https://doi.org/10.1371/journal.pone.0180215
https://doi.org/10.1111/brv.12926
https://doi.org/10.1016/j.biocon.2020.108426
https://doi.org/10.1111/j.1365-2664.2012.02217.x
https://doi.org/10.1111/j.1365-2664.2012.02217.x
https://doi.org/10.1071/ZO9820081

B.M. Dawson et al.

(Diptera: Calliphoridae) as a pollinator. Australian Entomology, 59, 345-352. https://
doi.org/10.1111/aen.12455

Cook, D. F., Tufail, M. S., Voss, S. C., Deyl, R. A., Howse, E. T., Foley, J., Norrish, B.,
Delroy, N., & Shivananjappa, S. L. (2023). Blow flies (Diptera: Calliphoridae) ability
to pollinate hass avocado trees within paired tree enclosures. J Appl Entomol, 147,
577-591. https://doi.org/10.1111/jen.13159

Cook, D. F., Voss, S. C., Finch, J. T. D., Rader, R. C., Cook, J. M., & Spurr, C. J. (2020b).
The role of flies as pollinators of horticultural crops: An Australian case study with
worldwide relevance. Insects, 11, 341. https://doi.org/10.3390/insects11060341

Crippen, T. L., Benbow, M. E., & Pechal, J. L. (2015). Microbial interactions during
carrion decomposition. In E. M. Benbow, J. K. Tomberlin, & A. M. Tarone (Eds.),
Carrion ecology, evolution, and their applications (pp. 31-64). CRC Press.

Crosskey, R. W. (1973). A conspectus of the Tachinidae (Diptera) of Australia, including
keys to the supraspecific taxa and taxonomic and host catalogues. A conspectus of
the Tachinidae (Diptera) of Australia, including keys to the supraspecific taxa and
taxonomic and host catalogues. Bulletin of the British Museum (Natural History).
Entomology. Supplement., 21, 221. https://doi.org/10.5962/p.193226

Currah, L., & Ockendon, D. (1983). Onion pollination by blowflies and honeybees in
large cages. Annals of Applied Biology, 103, 497-506. https://doi.org/10.1111/
j-1744-7348.1983.tb02789.x

Dangles, O., & Casas, J. (2019). Ecosystem services provided by insects for achieving
sustainable development goals. Ecosystem Services, 35, 109-115. https://doi.org/
10.1016/j.ecoser.2018.12.002

Davis, A. E., Bickel, D. J., Saunders, M. E., & Rader, R. (2023a). Crop-pollinating diptera
have diverse diets and habitat needs in both larval and adult stages. Ecological
Applications : A Publication Of The Ecological Society Of America, 33, €2859. https://
doi.org/10.1002/eap.2859

Davis, A. E., Schmidt, L. A., Harrington, S., Spurr, C., & Rader, R. (2023b). Provisioning
Australian seed carrot agroecosystems with non-floral habitat provides oviposition
sites for crop-pollinating diptera. Insects, 14, 439. https://doi.org/10.3390/
insects14050439

Dawson, B. M., Barton, P. S., & Wallman, J. F. (2021). Field succession studies and
casework can help to identify forensically useful Diptera. Journal of Forensic Sciences,
66, 2319-2328. https://doi.org/10.1111/1556-4029.14870

Dawson, B. M., Wallman, J. F., Evans, M. J., & Barton, P. S. (2022). Insect abundance
patterns on vertebrate remains reveal carrion resource quality variation. Oecologia,
198, 1043-1056. https://doi.org/10.1007/500442-022-05145-4

Desaegher, J., Sheeren, D., & Ouin, A. (2021). Optimising spatial distribution of mass-
flowering patches at the landscape scale to increase crop pollination. The Journal of
Applied Ecology, 58, 1876-1887. https://doi.org/10.1111/1365-2664.13949

Dunn, L., Lequerica, M., Reid, C. R., & Latty, T. (2020). Dual ecosystem services of
syrphid flies (Diptera: Syrphidae): Pollinators and biological control agents. Pest
Management Science, 76, 1973-1979. https://doi.org/10.1002/ps.5807

Feltham, H., Park, K., Minderman, J., & Goulson, D. (2015). Experimental evidence that
wildflower strips increase pollinator visits to crops. Ecology and Evolution, 5,
3523-3530. https://doi.org/10.1002/ece3.1444

Fijen, T. P. M., Read, S. F. J., Walker, M. K., Gee, M., Nelson, W. R., & Howlett, B. G.
(2022). Different landscape features within a simplified agroecosystem support
diverse pollinators and their service to crop plants. Landscape Ecology, 37,
1787-1799. https://doi.org/10.1007/5s10980-022-01423-x

Finch, J., Gilpin, A.-M., & Cook, J. (2023). Fishing for flies: Testing the efficacy of "stink
stations" for promoting blow flies as pollinators in mango orchards. Journal of
Pollination Ecology, 32, 79-100. https://doi.org/10.26786,/1920-7603(2023)711

Forster, M., Klimpel, S., Mehlhorn, H., Sievert, K., Messler, S., & Pfeffer, K. (2007). Pilot
study on synanthropic flies (e.g. Musca, Sarcophaga, Calliphora, Fannia, Lucilia,
Stomoxys) as vectors of pathogenic microorganisms. Parasitology Research, 101,
243-246. https://doi.org/10.1007/s00436-007-0522-y

Fotedar, R., Banerjee, U., Singh, S., & Verma, A. (1992). The housefly (Musca domestica)
as a carrier of pathogenic microorganisms in a hospital environment. Journal of
Hospital Infection, 20, 209-215. https://doi.org/10.1016/0195-6701(92)90089-5

Gaffney, A., Allen, G. R., & Brown, P. H. (2011). Insect visitation to flowering hybrid
carrot seed crops. New Zealand Journal of Crop and Horticultural Science, 39, 79-93.
https://doi.org/10.1080/01140671.2010.526619

Gaffney, A., Bohman, B., Quarrell, S. R., Brown, P. H., & Allen, G. R. (2018). Frequent
insect visitors are not always pollen carriers in hybrid carrot pollination. Insects, 9,
61. https://doi.org/10.3390/insects9020061

Gibson, J. F., Kelso, S., Jackson, M. D., Kits, J. H., Miranda, G. F., & Skevington, J. H.
(2011). Diptera-specific polymerase chain reaction amplification primers of use in
molecular phylogenetic research. Annals of the Entomological Society of America, 104,
976-997. https://doi.org/10.1603/AN10153

Goulson, D., Nicholls, E., Botias, C., & Rotheray, E. L. (2015). Bee declines driven by
combined stress from parasites, pesticides, and lack of flowers. Science (New York, N.
Y.), 347, Article 1255957. https://doi.org/10.1126/science.1255957

Hodgkiss, D., Brown, M. J., & Fountain, M. T. (2018). Syrphine hoverflies are effective
pollinators of commercial strawberry. Journal of Pollination Ecology, 22, 55-66.
https://doi.org/10.26786,/1920-7603(2018)five

Howlett, B. G. (2012). Hybrid carrot seed crop pollination by the fly Calliphora vicina
(Diptera: Calliphoridae). Journal of Applied Entomology, 136, 421-430. https://doi.
org/10.1111/j.1439-0418.2011.01665.x

Howlett, B. G., & Gee, M. (2019). The potential management of the drone fly (Eristalis
tenax) as a crop pollinator in New Zealand. New Zealand Plant Protection, 72,
221-230. https://doi.org/10.30843/nzpp.2019.72.304

Hui, F. K. (2016). boral-bayesian ordination and regression analysis of multivariate
abundance data in R. Methods in Ecology And Evolution / British Ecological Society, 7,
744-750. https://doi.org/10.1111/2041-210X.12514

27

Basic and Applied Ecology 84 (2025) 21-28

Hung, K-L. J., Kingston, J. M., Albrecht, M., Holway, D. A., & Kohn, J. R. (2018). The
worldwide importance of honey bees as pollinators in natural habitats. Proceedings of
the Royal Society of London, Series B: Biological Sciences, 285, Article 20172140.
https://doi.org/10.1098/rspb.2017.2140

International Seed Testing Association ISTA. (1993). International rules for seed testing.
Seed Science and Technology, 21, 296.

Jarlan, A., De Oliveira, D., & Gingras, J. (1997). Pollination by Eristalis tenax (Diptera:
Syrphidae) and seed set of greenhouse sweet pepper. Journal of Economic Entomology,
90, 1646-1649. https://doi.org/10.1093/jee/90.6.1646

Jauker, F., & Wolters, V. (2008). Hover flies are efficient pollinators of oilseed rape.
Oecologia, 156, 819-823. https://doi.org/10.1007/500442-008-1034-x

Johnston, N. P., & Wallman, J. F. (2021). A new species of carrion-breeding "golden
blowfly" from south-eastern Australia (Diptera: Calliphoridae). Transactions of the
Royal Society of South Australia, Incorporated. Royal Society of South Australia, 145,
143-151. https://doi.org/10.1080/03721426.2021.1995311

Johnston, N. P., Wallman, J. F., Szpila, K., & Pape, T. (2021). Integrative taxonomy
reveals remarkable diversity in Australian protomiltogramma (Diptera:
Sarcophagidae). Zootaxa., 5043, 1-104. https://doi.org/10.11646/zootaxa.5043.1.1

Kearns, C. A., & Inouye, D. W. (1997). Pollinators, flowering plants, and conservation
biology. BioScience, 47, 297-307. https://doi.org/10.2307/1313191

Kevan, P. G., & Viana, B. F. (2003). The global decline of pollination services.
Biodiversity, 4, 3-8. https://doi.org/10.1080/14888386.2003.9712703

Klein, A.-M., Vaissiére, B. E., Cane, J. H., Steffan-Dewenter, 1., Cunningham, S. A.,
Kremen, C., & Tscharntke, T. (2007). Importance of pollinators in changing
landscapes for world crops. Proceedings of the Royal Society of London, Series B:
Biological Sciences, 274, 303-313. https://doi.org/10.1098/rspb.2006.3721

Lenth, R.V. (2023). emmeans: Estimated Marginal Means, aka Least-Squares Means, vol.
R package version 1.8.5.

Li, X., & Yeates, D. K. (2018). Morphological phylogeny of the Australian genera of the
bee fly subfamily Bombyliinae (Diptera : Bombyliidae) with description of four new
genera. Invertebr Syst, 32, 319-399. https://doi.org/10.1071/1S17039

Liidecke, D., Ben-Shachar, M., Patil, I., Waggoner, P., & Makowski, D. (2021).
performance: An R package for assessment, comparison and testing of statistical
models. Journal of Open Source Software, 6, 3139. https://doi.org/10.21105/
joss.03139

Mackerras, M. J. (1933). Observations on the life-histories, nutritional requirements and
fecundity of blowflies. Bulletin of Entomological Research, 24, 353-362. https://doi.
org/10.1017/50007485300031680

McAlpine, D. K. (2012). Notes and descriptions of Australian helosciomyzidae or comb-
winged flies (Diptera: Schizophora). Records of the Australian Museum, 64, 51-70.
https://doi.org/10.3853/j.0067-1975.64.2012.1582

Meiklejohn, K. A., Wallman, J. F., Pape, T., Cameron, S. L., & Dowton, M. (2013). Utility
of COI, CAD and morphological data for resolving relationships within the genus
Sarcophaga (sensu lato) (Diptera: Sarcophagidae): A preliminary study. Molecular
Phylogenetics and Evolution, 69, 133-141. https://doi.org/10.1016/j.
ympev.2013.04.034

Meixner, M. D. (2010). A historical review of managed honey bee populations in Europe
and the United States and the factors that may affect them. Journal of Invertebrate
Pathology, 103, S80-S95. https://doi.org/10.1016/].jip.2009.06.011

Munoz, A. E., Plantegenest, M., Amouroux, P., & Zaviezo, T. (2021). Native flower strips
increase visitation by non-bee insects to avocado flowers and promote yield. Basic
and applied ecology, 56, 369-378. https://doi.org/10.1016/j.baae.2021.08.015

Okonechnikov, K., Golosova, O., Fursov, M., & U.G.E.N.E. team. (2012). Unipro UGENE:
A unified bioinformatics toolkit. Bioinformatics (Oxford, England), 28, 1166-1167.
https://doi.org/10.1093/bioinformatics/bts091

Oksanen, J., Simpson, G.L., Blanchet, F.G., Kindt, R., Legendre, P., Minchin, P.R.,
O’Hara, R.B., Solymos, P., Stevens, M.H.H., Szoecs, E., Wagner, H., Barbour, M.,
Bedward, M., Bolker, B., Borcard, D., Carvalho, G., Chirico, M., Caceres, M.D.,
Durand, S., Evangelista, H.B.A., Friendly, R.Fa.M, Furneaux, B., Hannigan, G., Hill,
M.O., Lahti, L., McGlinn, D., Ouellette, M-H., Cunha, E.R., Smith, T., Stier, A., &
Weedon, J. (2022). Vegan: Community Ecology Package.

Osterman, J., Aizen, M. A., Biesmeijer, J. C., Bosch, J., Howlett, B. G., Inouye, D. W.,
Jung, C., Martins, D. J., Medel, R., & Pauw, A. (2021). Global trends in the number
and diversity of managed pollinator species. Agriculture, Ecosystems & Environment,
322, Article 107653. https://doi.org/10.1016/j.agee.2021.107653

Payne, J. A. (1965). A summer carrion study of the baby pig Sus scrofa Linnaeus. Ecology,
46, 592-602. https://doi.org/10.2307,/1934999

Perez, A., Haskell, N., & Wells, J. (2015). Commonly used intercarcass distances appear
to Be sufficient to ensure independence of carrion insect succession pattern. Annals of
the Entomological Society of America, 109, 72-80. https://doi.org/10.1093/aesa/
sav102

Phillips, C. J. (2009). A review of mulesing and other methods to control flystrike
(cutaneous myiasis) in sheep. Animal Welfare (South Mimms, England), 18, 113-121.
https://doi.org/10.1017/50962728600000257

Pont, A. C. (1973). Studies on Australian Muscidae (Diptera). IV. A revision of the
subfamilies Muscinae and Stomoxyinae. Australian Journal of Zoology Supplement
Series, 21, 129-296. https://doi.org/10.1071/AJZS021

Quarrell, S. R., Weinstein, A. M., Hannah, L., Bonavia, N., Del Borrello, O.,

Flematti, G. R., & Bohman, B. (2023). Critical pollination chemistry: Specific
sesquiterpene floral volatiles in carrot inhibit honey bee feeding. Journal of
Agricultural and Food Chemistry, 71, 16079-16089. https://doi.org/10.1021/acs.
jafe.3¢03392

R Core Team. (2023). R: A language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing.


https://doi.org/10.1111/aen.12455
https://doi.org/10.1111/aen.12455
https://doi.org/10.1111/jen.13159
https://doi.org/10.3390/insects11060341
http://refhub.elsevier.com/S1439-1791(25)00007-6/sbref0013
http://refhub.elsevier.com/S1439-1791(25)00007-6/sbref0013
http://refhub.elsevier.com/S1439-1791(25)00007-6/sbref0013
https://doi.org/10.5962/p.193226
https://doi.org/10.1111/j.1744-7348.1983.tb02789.x
https://doi.org/10.1111/j.1744-7348.1983.tb02789.x
https://doi.org/10.1016/j.ecoser.2018.12.002
https://doi.org/10.1016/j.ecoser.2018.12.002
https://doi.org/10.1002/eap.2859
https://doi.org/10.1002/eap.2859
https://doi.org/10.3390/insects14050439
https://doi.org/10.3390/insects14050439
https://doi.org/10.1111/1556-4029.14870
https://doi.org/10.1007/s00442-022-05145-4
https://doi.org/10.1111/1365-2664.13949
https://doi.org/10.1002/ps.5807
https://doi.org/10.1002/ece3.1444
https://doi.org/10.1007/s10980-022-01423-x
https://doi.org/10.26786/1920-7603(2023)711
https://doi.org/10.1007/s00436-007-0522-y
https://doi.org/10.1016/0195-6701(92)90089-5
https://doi.org/10.1080/01140671.2010.526619
https://doi.org/10.3390/insects9020061
https://doi.org/10.1603/AN10153
https://doi.org/10.1126/science.1255957
https://doi.org/10.26786/1920-7603(2018)five
https://doi.org/10.1111/j.1439-0418.2011.01665.x
https://doi.org/10.1111/j.1439-0418.2011.01665.x
https://doi.org/10.30843/nzpp.2019.72.304
https://doi.org/10.1111/2041-210X.12514
https://doi.org/10.1098/rspb.2017.2140
http://refhub.elsevier.com/S1439-1791(25)00007-6/sbref0037
http://refhub.elsevier.com/S1439-1791(25)00007-6/sbref0037
https://doi.org/10.1093/jee/90.6.1646
https://doi.org/10.1007/s00442-008-1034-x
https://doi.org/10.1080/03721426.2021.1995311
https://doi.org/10.11646/zootaxa.5043.1.1
https://doi.org/10.2307/1313191
https://doi.org/10.1080/14888386.2003.9712703
https://doi.org/10.1098/rspb.2006.3721
https://doi.org/10.1071/IS17039
https://doi.org/10.21105/joss.03139
https://doi.org/10.21105/joss.03139
https://doi.org/10.1017/S0007485300031680
https://doi.org/10.1017/S0007485300031680
https://doi.org/10.3853/j.0067-1975.64.2012.1582
https://doi.org/10.1016/j.ympev.2013.04.034
https://doi.org/10.1016/j.ympev.2013.04.034
https://doi.org/10.1016/j.jip.2009.06.011
https://doi.org/10.1016/j.baae.2021.08.015
https://doi.org/10.1093/bioinformatics/bts091
https://doi.org/10.1016/j.agee.2021.107653
https://doi.org/10.2307/1934999
https://doi.org/10.1093/aesa/sav102
https://doi.org/10.1093/aesa/sav102
https://doi.org/10.1017/S0962728600000257
https://doi.org/10.1071/AJZS021
https://doi.org/10.1021/acs.jafc.3c03392
https://doi.org/10.1021/acs.jafc.3c03392
http://refhub.elsevier.com/S1439-1791(25)00007-6/sbref0061
http://refhub.elsevier.com/S1439-1791(25)00007-6/sbref0061

B.M. Dawson et al.

Rader, R., Cunningham, S. A., Howlett, B. G., & Inouye, D. W. (2020). Non-bee insects as
visitors and pollinators of crops: Biology, ecology, and management. . Annual Review
of Entomology, 65, 391-407. https://doi.org/10.1146/annurev-ento-011019-025055

Rader, R., Edwards, W., Westcott, D. A., Cunningham, S. A., & Howlett, B. G. (2013).
Diurnal effectiveness of pollination by bees and flies in agricultural Brassica rapa:
Implications for ecosystem resilience. Basic and Applied Ecology, 14, 20-27. https://
doi.org/10.1016/j.baae.2012.10.011

Rojano, F., Ibarra-Juarez, L. A., Powell, J., Salazar, R., & Lira-Noriega, A. (2021).
Modeling the impact of temperature on the population abundance of the ambrosia
beetle xyleborus affinis (Curculionidae: Scolytinae) under laboratory-reared
conditions. Journal of Thermal Biology, 101, Article 103001. https://doi.org/
10.1016/j.jtherbio.2021.103001

Roquer-Beni, L., Arnan, X., Rodrigo, A., & Bosch, J. (2022). What makes a good
pollinator? Relationship between pollinator traits and pollination effectiveness in
apple flowers. Entomologia Generalis, 42, 875-882. https://doi.org/10.1127/
entomologia/2022/1571

Saeed, S., Nagqash, M. N., Jaleel, W., Saeed, Q., & Ghouri, F. (2016). The effect of blow
flies (Diptera: Calliphoridae) on the size and weight of mangos (Mangifera indica L.).
PeerJ, 4, €2076. https://doi.org/10.7717 /peerj.2076

Sanchez, M., Belliure, B., Montserrat, M., Gil, J., & Velasquez, Y. (2022a). Pollination by
the hoverfly Eristalinus aeneus (Diptera: Syrphidae) in two hybrid seed crops: Celery

28

Basic and Applied Ecology 84 (2025) 21-28

and fennel (Apiaceae). The Journal of Agricultural Science, 160, 194-206. https://doi.
org/10.1017/50021859622000314

Sanchez, M., Velasquez, Y., Gonzalez, M., & Cuevas, J. (2022b). Pollination effectiveness
of the hoverfly eristalinus aeneus (Scopoli, 1763) in diploid and triploid associated
watermelon crop. Insects., 13, 1021. https://doi.org/10.3390/insects13111021

Vanengelsdorp, D., Hayes, J., Underwood, R. M., & Pettis, J. (2008). A survey of honey
bee colony losses in the U.S., fall 2007 to spring 2008. PloS One, 3, e4071. https://
doi.org/10.1371/journal.pone.0004071

Wagner, D. L., Grames, E. M., Forister, M. L., Berenbaum, M. R., & Stopak, D. (2021).
Insect decline in the Anthropocene: Death by a thousand cuts. Proceedings of the
National Academy of Sciences, 118, Article €2023989118. https://doi.org/10.1073/
pnas.2023989118

Wallman, J. F. (2001). A key to the adults of species of blowflies in southern Australia
known or suspected to breed in carrion. Medical and Veterinary Entomology, 15,
433-437. https://doi.org/10.1046/j.0269-283x.2001.00331.x

Wickham, H. (2016). ggplot2: Elegant graphics for data analysis. New York: Springer-
Verlag. https://doi.org/10.1007/978-3-319-24277-4

Wotton, K. R., Gao, B., Menz, M. H., Morris, R. K., Ball, S. G., Lim, K. S., Reynolds, D. R.,
Hu, G., & Chapman, J. W. (2019). Mass seasonal migrations of hoverflies provide
extensive pollination and crop protection services. Current Biology, 29, 2167-2173.
https://doi.org/10.1016/j.cub.2019.05.036


https://doi.org/10.1146/annurev-ento-011019-025055
https://doi.org/10.1016/j.baae.2012.10.011
https://doi.org/10.1016/j.baae.2012.10.011
https://doi.org/10.1016/j.jtherbio.2021.103001
https://doi.org/10.1016/j.jtherbio.2021.103001
https://doi.org/10.1127/entomologia/2022/1571
https://doi.org/10.1127/entomologia/2022/1571
https://doi.org/10.7717/peerj.2076
https://doi.org/10.1017/S0021859622000314
https://doi.org/10.1017/S0021859622000314
https://doi.org/10.3390/insects13111021
https://doi.org/10.1371/journal.pone.0004071
https://doi.org/10.1371/journal.pone.0004071
https://doi.org/10.1073/pnas.2023989118
https://doi.org/10.1073/pnas.2023989118
https://doi.org/10.1046/j.0269-283x.2001.00331.x
https://doi.org/10.1007/978-3-319-24277-4
https://doi.org/10.1016/j.cub.2019.05.036

	Adding non-floral resources increases wild insect abundance but not yield in Australian hybrid carrot crops
	Introduction
	Materials and methods
	Study site
	Experimental design
	Sampling
	Carrot seed yield
	Data analysis

	Results
	Discussion
	Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Funding
	Supplementary materials
	References


