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Abstract

Hoverflies (Syrphidae) are a family of flies of the Diptera
order that provide a range of ecological services to agri-
culture, including pollination services. Most crops are re-
liant on animal-plant interactions to aid their pollination,
including those intended for human consumption such
as apple trees. While Hymenopteran species are the most
well-known insects that provide pollinating services, hov-
erflies are the second most important pollinators. However,
hoverflies are often partly overlooked in scientific research,
commonly only identified to family. Little is therefore
known about the diversity, abundance, and phenology of
this family of insects. This report will give an overview of
what hoverflies are, their importance to agriculture, and
subsequently what services they provide to aid pollination
and ecosystems. A description of species diversity, abun-
dance, and phenology in inner Hardanger will be provided.
Additionally, this text will discuss i) the differences in hov-
erfly diversity of different sites in inner Hardanger, ii) what
hoverfly diversity tells us about the ecological integrity of
these sites, and iii) the phenology of hoverflies in Hardan-
ger and what the differences in species phenology can tell
us about their species-specific importance as apple flower
pollinators in apple orchards in Hardanger. The data from
this report has been collected in connection with the AP-
PLECore project, specifically for Silje Maria M. Hoydal s
master thesis on bee pollinators in apple orchards in Har-
danger, Norway. Hoverflies were not the intended insects
for capture in this project, and it is therefore noted that the
methodologyis not streamlined for the capture of hoverflies.

Introduction

Pollination is an ecological service that is essential to the
success of agricultural practices and is provided by a range
of different animals. Amongst animals that provide polli-

nating services, insects are the largest and most important
group (Doyle et al., 2020). Pollinating insects are insects
that aid in the fertilization of plants (Berner & Sunding,
2021). This can occur in differing ways, the most common
being a visit to a flower by an insect foraging for nectar or
pollen (Berner & Sunding, 2021). The insects most famous
for pollinating services for fruit-bearing plants are insects
of the Hymenoptera order and the flies of the Syrphidae
family. Although many plants do not require insect-spe-
cific pollinating services, up to 76% of crops intended for
human consumption are reliant on animal-crop inter-
actions to aid the pollination process (Bates et al., 2011;
Doyle et al., 2020). Agriculture is a fundamental part of
food production and has been a part of the foundation of
modern societies. For the region of Hardanger, the pro-
duction of apples has been a cornerstone of their econo-
my and history for hundreds of years (Thorsnzs, 2021).

There are several factors that contribute to effective
fruit yield, an essential one being the success of pollina-
tion during the spring (Ramirez & Davenport, 2013). Fruit
trees, including apple trees, are reliant on animal-plant
interactions, in particular visitations of insects on their
flowers to aid their pollination (Berner & Sunding, 2021;
Ramirez & Davenport, 2013). One of the reasons why ap-
ple trees specifically need insect visitations is due to insects
being effective cross-pollinators, on which apple trees are
reliant (Berner & Sunding, 2021; Ramirez & Davenport,
2013). Cross-pollination is a process in which pollen is
transferred between the main cultivar and a polliniser
cultivar (Berner & Sunding, 2021; Ramirez & Davenport,
2013). Farmers have long practiced keeping colonies of
pollinating insects in the vicinity of their crops to aid pol-
lination (Delaney & Tarpy, 2008). Honeybees (Apis mellif-
era, Linnaeus, 1758) is a species of social bees which have
been domesticated and is amongst other things used for
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pollination of commercial fruit trees (Delaney & Tarpy,
2008). However, recent research shows that the pollination
services provided by wild pollinators is more effective than
those provided by domesticated bees (Bates et al., 2011;
Berner & Sunding, 2021; Doyle et al., 2020). Wild pollina-
tor diversity and abundance is therefore important for the
increase in crop yield in apple orchards (Bates et al., 2011;
Delaney & Tarpy, 2008; Ramirez & Davenport, 2013).

The Diptera order is amongst the most important wild
pollinators. In fact, by regularly visiting 72% of crops, it
is the second most important pollinating wild insect
(Boyle & Philogene, 1983; Doyle et al., 2020). Hoverflies
(Syrphidae) are a family of the Diptera order, which rep-
resent 52% of crop visitations attributed to all flies, dis-
playing the importance of this family for the pollination
of apple trees (Doyle et al., 2020; Ottesen, 2021; Ramirez
& Davenport, 2013). They are popularly known for their
Batesian mimicry of the insect order Hymenoptera which
includes bees, bumblebees, and wasps (McLean et al.,
2019; Nottingham, 2000; Penney et al., 2014; Wilson et al,,
2013). Hoverflies are abundant and diverse in Norway and
are known to visit many of the same fruit plants as bees
(including bumblebees) (Ball & Morris, 2015; Bengtson
et al,, 2022; Djellab et al.,, 2019). Furthermore, the larvae
of the subfamilies Syrphinae and Eristalinae have other
ways to contribute services to their ecosystems; Syrph-
inae larvae are a natural enemy of the crop pest’s aphids
(Aphidoidea) and have showed to lower pest populations
by 70%, whereas the saprophagous Eristalinae larvae are
known to decompose dead plant matter (Ball & Morris,
2015; Dijellab et al., 2019; Doyle et al., 2020). Because of
the aforementioned, they are an asset to their surround-
ing environments throughout their entire life cycle (Ball
& Morris, 2015; Djellab et al., 2019; Doyle et al., 2020).

As a highly migratory species, hoverflies will travel great
lengths throughout the year, providing a large geographical
spread of pollinating services that widen ecological gene
pools significantly (Doyle et al., 2020; Wotton et al., 2019).
Throughout their life cycle, hoverflies make use of a wide
range of habitats, and it has been shown that they thrive
in specific microhabitats (Ball & Morris, 2015; Bengtson
et al,, 2022; Gittings et al., 2006; Lucas, 2017). They often
make use of various forms of faeces, composts heaps, tree
bark and herbaceous plants for laying eggs (Ball & Morris,
2015; Bengtson et al., 2022). Adult hoverflies that will spe-
cialize in a single plant type are typically early season fliers
(Lucas et al., 2018). Of species that fly during late summer
months, only a small portion are generalists that will inhab-
it a range of different types of habitats (Lucas et al., 2018).
As such, these insects are often uniquely suited to correlate
species diversity with ecological diversity (Ball & Morris,
2015; Bengtson et al., 2022; Gittings et al., 2006). Because
of the close connection between hoverflies and specific

plant types, hoverfly diversity can thus directly tell us vital
information about the ecological integrity of an ecosystem
(Djellab et al., 2019). Hoverflies undergo full metamor-
phosis, and have four main life stages of egg, larvae, pupae,
and adult (Ball & Morris, 2015; Bengtson et al., 2022). The
lifespan of most adult hoverflies is about 35 days, and they
seldom become active at temperatures below 15°C (Ball
& Morris, 2015; Bengtson et al., 2022). As conservation
strategy, they will therefore spend up to nine weeks during
winter months and three weeks in summer months in their
pupal stage (Ball & Morris, 2015; Bengtson et al., 2022;
Weems, 2000). Hoverflies visit flowers to feed on nectar and
pollen which aids them in ovulary production (Doyle et al.,
2020). Largely due to this, phenological activity for species
have been found to peak during flowering seasons of plants
(early April-late August), which usually coincides with
the same seasons and locations as bees, bumblebees, and
wasps (Ball & Morris, 2015; Bengtson et al., 2022; Djellab
et al., 2019; Howarth et al., 2004). Therefore, it is general-
ly possible to observe an approximate positive correlation
between the appearance of hymenopteran species and their
syrphid mimics (Howarth et al., 2004; Penney et al., 2014).

Pollinator diversity and species richness have been
shown to follow an urbanisation gradient, where bee
and hoverfly diversity was found to be most diverse and
abundant in rural areas, as opposed to being the least di-
verse urban areas (Bates et al., 2011; Luder et al., 2018).
As such, conserving rural areas with highly diverse insect
populations is expected to also benefit and support their
surrounding habitats (Bates et al., 2011). Applying knowl-
edge about the intrinsic connection between insect diver-
sity and plant diversity will allow us to help increase insect
populations in urban areas (Bates et al., 2011). One could
therefore pose the question as to why a family of insects
that provide such a wide range of agricultural and ecolog-
ical services are relatively unprioritized both in academia
and the media. The pollinator crisis has been central in
media during the last 20 years of discussions surrounding
environmental conservation (Balfour et al., 2018). Due to
the decline in pollinator populations, research pertain-
ing to the study of the Hymenoptera order has increased
dramatically. However, there is little research focused on
hoverflies on the west coast of Norway, or indeed world-
wide. Due to this, there is a gap in knowledge related to
the diversity, abundance, and phenology of hoverflies in
Norway, specifically to the hoverflies in inner Hardanger.

Purpose

The purpose of this study is to provide an overview and
analysis of diversity, abundance, and phenology of the hov-
erflies (Syrphidae) in a selection of apple orchards located
in inner Hardanger from data collected in connection with
the APPLECore project. The APPLECore project is led by
the Norwegian Institute for Nature Research (NINA) in
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collaboration with the Norwegian Institute of Bioeconomy
Research (NIBIO), where they are investigating a series
of questions surrounding pollination and ecology (AP-
PLECore, 2021). The effect of pollinator diversity in apple
orchards on autumnal fruit yield is among the research
questions of the APPLECore project (APPLECore, 2021).

Material & methods
Choice of data analysis

The data analyses for this study included: i) Shannon-Weav-
er diversity index and ii) species accumulation plots.

The Shannon-Weaver diversity index was used as Al-
pha Diversity estimate used for the evaluation of spe-
cies diversity for the three sites. Alpha diversity is an
evaluation of how diverse a sample is (Willis, 2019).
The Shannon-Weaver diversity index gives a numer-
ic estimate of species diversity and richness for a loca-
tion (Bobbitt, 2021; Ortiz-Burgos, 2016). The formu-
la for calculating Shannon-Weaver diversity index is:

(H): H'=-2(pi*logsp)

where:
pi = proportion of each species in sample
log2pi = natural logarithm of pi proportion

Shannon-Weaver  diversity index gives a val-
ue between 0-4.5, where the usual values range be-
tween 1.5-3.5 (Bobbitt, 2021; Ortiz-Burgos, 2016).

Species accumulation curves were used to estimate spe-
cies diversity and richness and is a representation of sam-
pling effectiveness for a site (Deng et al., 2015). If the curve
of a species accumulation plot is flattened, the samples an-
alysed are representative of the whole species diversity for
a site (Deng et al., 2015). If a species accumulation plot is
still rising, the data analysed is an underrepresentation of
site-specific species diversity, and further data is required to
accurately represent all species that are discoverable (Deng
et al., 2015). The shaded area of a species accumulation
curve shows a 95% confidence interval (Deng et al., 2015).

Sampling design

Triplets of pan traps (yellow, blue, and white) and blue
vane traps were placed in the locations Djenno, Urheim
and Opedal in Hardanger, Western Norway between late
April - mid-June 2022. Djonno and Urheim are locat-
ed in relatively rural areas, whereas Opedal is located in
a more urbanized area. Six triplets of pan traps and three
blue vane traps were placed in each of the three locations
(Hoydal, 2022). Both types of traps contained a soap water
mixture to break the surface tension of the water to ensure

insects drowned when caught (Hoydal, 2022). The insects
were sampled through four sampling periods separated by
14 days to prevent over trapping too early in the season
(Hoydal, 2022). In every sampling period the traps were
placed in the field for four days and only emptied every
two to three days (due to limitations in available work-
force) (Hoydal, 2022). Trap contents were bagged and
labelled and stored in a freezer prior to identification.

In the laboratory, insects were defrosted and all in-
sects with a false wing vein Vena spuria were selected.
After hoverflies were identified to species, they were
pinned through thorax with a size 000 pin needle. Indi-
viduals identified were given a species_ID. Every individ-
uals’ identification was double checked using materials
provided by The University Museum of Bergen, of which
included Swedish identification literature and pinned
museum examples of the most abundant species identi-
fied (Bartsch, 2009b; Bartsch, 2009a; Gammelmo, 2017).

Data Analysis

Data summarised in the excel sheet was exported and
loaded into an R Studio workspace where the software R
version 4.0.3 was used to process the data (The R Founda-
tion, 2020). To visualise species diversity and abundance,
phenological activity and trap colour and trap preference
we used the plot() and barplot() functions. The values of
Shannon-Weaver diversity index for each of the three sites
were calculated and were used as a numerical estimation
of diversity. Shannon-Weaver diversity index was calculat-
ed using the diversity function, diversity() from the vegan
package version 2.5-7 (Oksanen et al., 2022). To check if
the sampling portion was an adequate representation of
species in the areas, we produced a species accumulation
curve. The species accumulation curve was produced by
firstly collecting data for species and all traps as a value us-
ing the table() function. Secondly, using the default extract
method for the specaccum() function on the values sorted
into a table, a polygon plot was made by using the plot()
function with the specification of ci.type being “polygon”.

Results
Phenological activity

Hoverflies were found to be mostly active during
the summer months of June (Figure 1). The high-
est abundance of hoverflies was found to be mid-June
in post-flowering period of apple trees (Figure 1).

Shannon-Weaver diversity index

The Shannon-Weaver diversity index for Urheim was
approximately 2.66 and was the most diverse site.
Close to Urheim on the diversity index was Djon-
no with an approximate value of 2.52. The least diverse
site with an approximate value of 1.71 was Opedal
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Hoverfly phenology in inner Hardanger spring 2022
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Figure 1. Bar graph showing hoverflies caught on dates throughout the field season in total for all locations.

Species accumulation curve the available hoverflies in Djonno, Urheim and Opedal (Fig-
ure 2). The species accumulation curve did not represent

The species accumulation curve did not flatten (Figure 2). A - )
the total species richness for inner Hardanger (Figure 2).

Due to the rising graph, individuals of the hoverfly family
Syrphidae collected was likely an underrepresentation of
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Figure 2. Species accumulation curve for hoverflies caught in all trap types throughout the entire field season.
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Species abundance

The most abundant subfamily was found to be Eri-
stalinae, representing 65.96% of all the individuals
caught (Figure 3). Syrphinae represents the remaining
34.04% of the individuals caught (Figure 3). There were
no individuals caught in the Microdontinae subfami-
ly, and it is therefore not represented in this sampling.

Cheilosia spp. were found to be the most abundant
hoverflies, representing 26.6% of all individuals collected.
Collectively, Xylota spp. was nearly as abundant as Chei-
losia spp., with a representation of 22.34% of individuals.

Number of specimens per subfamily

M Number of specimens per species

DISTRIBUTION

2 ——

Eristalinae Syrphinae

SUBFAMILY

Figure 3. Boxplot displaying the distribution of specimen found
for subfamilies Eristalinae and Syrphinae. No data for subfamily
Microdontinae.

Site-specific Species abundance

The highest abundances were found in Djenno, with 63
individuals (25 females, 38 males) (Figure 4). Urheim and
Opedal were both similar in terms of hoverfly abundance
(Figure 4). Identified from Urheim were 15 individuals (6
females, 9 males) (Figure 4). From Opedal, 16 individu-
als (11 females and 5 males) were identified (Figure 4). A
disclaimer is placed here to inform that there were dates
with missing trap materials for both Djenno and Opedal.

Methodological eftectiveness

Insects collected using pan traps and vane traps un-
der-sampled the available species for all sites (Figure
5). Pan traps were more effective than vane traps (Fig-
ure 5). Yellow pan traps were more effective than white
and blue pan traps (Figure 6). 94 individuals of the
hoverfly family were identified from this field season.

Discussion
Phenological activity

The results show that hoverflies in Hardanger become ac-
tive at the same time as the beginning of apple tree flower-
ing season, where they peak in activity in summer during
mid-June (Figure 1)(Djellab et al., 2019). A peak around
June is consistent with both optimal temperature levels
for activity and hoverflies need for pollen during ovu-
lary production (Figure 1)(Djellab et al., 2019). As their
life span lasts about 35 days, the peak in activity in June
would be expected and is consistent with the results (Fig-
ure 1). As the availability of pollen rises over time, a cor-
related abundance of hoverflies can be observed (Figure 1).

To adequately provide a true representation of the
phenological activity, more consistent sampling would
be needed. The 14-day period between trapping ses-
sions potentially allowed for hoverfly species that are
active between these periods to go undetected. In addi-
tion, one must also consider a different methodology.
Sampling with an entomological net every day would be
an alternative method that would allow for a line-graph
to be produced and would likely yield a higher degree
of certainty about the activity of hoverfly species (Bates
et al, 2011; Gittings et al., 2006; van Steenis, 2016).

Shannon-Weaver diversity index

The hoverflies were found to be most diverse in Urheim
and the most abundant in Djenno, the two most rural of the
three sites. This is consistent with findings of earlier studies
of pollinator diversity under urbanisation gradients (Bates
et al., 2011). All Shannon-Weaver diversity index values
are consistent with the estimated Hymenoptera order di-
versity for the sites as well. Additionally, diversity metrics
for all three sites also corroborate with their urbanisation
gradients (Bates et al., 2011). Opedal being a relatively ur-
ban site, roads and the cropland nearby are cultivated and
relatively monocultured both in diversity of insects and
plants. The diversity of Djonno was equally consistent with
urbanisation gradients, as the site was far away from heavi-
ly trafficked roads, and the surrounding ecology was not as
heavily modified from natural habitats. Urheim has median
value with an index of 2.66, which corresponds with the site
being in a relatively rural area. While the Shannon-Weaver
diversity value found for Djenno was not as high as Urhe-
im, the difference between the two sites is only a numer-
ical value of 0.14, and as such, they are approximately as
diverse. Nevertheless, there is a clear numerical division
in the diversity index between the most urbanised site
(Opedal) and the most rural sites (Urheim and Djonno).
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Abundance of hoverflies for Djenno, Opedal and Urheim
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Figure 4. Species abundance for Djenno, Opedal, and Urheim with gender distribution.

Species accumulation curve and Opedal. Methods used for capture of insects are in a
higher degree streamlined for the capture of Hymenop-
tera. To get a sample size that is properly representative for
the area, one would need to be consider alternative meth-
ods for hoverfly capture, such as entomological netting.

The species accumulation curve is still rising and shows
no flattening (Figure 4). We can therefore ascertain that
the data was an underrepresentation of the available hov-
erfly species diversity and richness for Djenno, Urheim

Trap effectiveness for Djenno, Opedal and Urheim
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Figure 5. Distribution of individuals captures in 1) pan traps (VIP) and 2) vane traps (WT).
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Figure 6. Distribution of individuals per trap colour for all three locations.

The period where the traps where placed was broken
into four periods. To obtain a greater representation of
what the phenological activity of hoverflies looks like,
one would need to have a consistent and continued sam-
pling of all three areas. A greater sample size over a lon-
ger time period would therefore likely show a better rep-
resentation of the diversity, abundance, and phenology
of hoverflies in the area. Common methods for hoverfly
capture used in studies of hoverflies are entomological
nets or Malaise traps. Capture is usually done consistent-
ly at the same times and locations every day over a time
period of between 5-12 months, with variations depend-
ing on the study (Bates et al., 2011; Gittings et al., 2006;
van Steenis, 2016). Recognized here is that the main pur-
pose of the trapping of insects was not to trap hoverflies,
but rather to sample bees and bumblebees in the area.

Species diversity and abundance

All species identified were registered as having strong pop-
ulations (abundant) in Norway (Artskart, 2022). Generally,
hoverflies become active at around the same temperatures
as the start of the flowering season of apple trees (~15°C)
(Bengtson et al., 2022; Ramirez and Davenport, 2013). In
regard to the Hardanger region, a wide range of syrphids
can be observed. The different species become active at
different times during the year. Finding the species Me-
langyna barbifrons (Fallén, 1817), was particularly inter-

esting, as this is a species of hoverfly that becomes active
early in the year. The timing of Melangyna barbifrons ac-
tivity coincides with the beginning of the flowering season
of apple trees, and this species is therefore likely especial-
ly important for the pollination of apple trees (Ramirez
and Davenport, 2013). There are no earlier registrations
of this species in this area, and this species is therefore a
particularly important find for Djenno (Artskart, 2022).

Other species found to be important for pollination are
species of Eristalis spp. which have shown to carry simi-
lar pollen loads to Apis mellifera (Ramirez and Davenport,
2013). It is positive that an individual of Eristalis pertinax
(Scopoli, 1763) was identified, where the region of Hardan-
ger already have seven sightings recorded (Artskart, 2022).
Uncommon species that were observed and not previously
registered in Hardanger but are represented in our data-
set include species such as Cheilosia proxima (Zetterstedt,
1843), Cheilosia pegana (Meigen, 1822), Chrysotoxum fas-
ciolatum (De Geer, 1776), Orthonevna geniculate (Meigen,
1830) and Parasyrphus nigritarsis (Zetterstedt, 1843). Of
hoverflies identified through this study, the species that
have previously been found to be the most abundant in
inner Hardanger area are the species Cheilosia sahlbergi
(Becker, 1894), Platycheirus albimanus (Fabricius, 1781),
Syritta pipiens (Linnaeus, 1758), Syrphus ribesii (Lin-
naeus, 1758), Syrphus vitripennis (Meigen, 1822) and
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Syrphus torvus (Osten-Sacken, 1875). These species are
therefore expected to see in our dataset (Artskart, 2022).
Notable mentions are species such as Ferdinandea cu-
prea (Scopoli, 1763), Cheilosia albitarsis (Meigen, 1822),
and Xylota jakutorum (Bagathanova, 1980), which are
species of which only a few sightings are recorded. They
additionally represented some of the highest abundancies
of specimens per species in our results (Artskart, 2022).

The results show a large variation of species that emerge
and are active as adults at different parts of the year with a
mix of species that are both early season fliers such as Me-
langyna barbifrons and late season fliers such as Melanos-
toma mellinum (Linnaeus, 1758), Syritta pipiens and Xy-
lota segnis (Linnaeus, 1758) all of which are saprophagous
late spring-early autumn fliers. There are species of hover-
flies identified in this study that one would expect to see,
such as Syritta pipiens which is a species known to inhabit
compost heaps and a species that we could expect to find
in areas that require farmers to use fertilizers on their crops
(Bengtson et al., 2022). Melanostoma mellinum are species
known to inhabit areas that include grasslands as they are
a species that feed on grass pollen (Artsdatabanken, n.d.).

Species activity and abundance are both variables that
can differ between years, and seasonal activity is a vari-
able that also depends not only on flowering plants, but
also on temperature and weather conditions (van Steenis,
2016). As such, it is recognized that there is a limitation
to the dataset that is used in this study, and to be able to
ascertain to a greater degree what species are expected in
inner Hardanger, we would need to study these insects
over a multitude of years. Hoverflies are likely a species
that are underrepresented in The Norwegian database for
species Artsdatabanken. Attention is drawn to this due
to some species were found to be highly abundant in this
study. Examples of such species are Cheilosia albitarsis
and Xylota jakutorum which are rarely reported for the
Hardanger area in the species register (Artskart, 2022).

Conclusion

Given the materials sampled, the peak phenological activity
of hoverflies in inner Hardanger region was mid-June. Pan
traps sampled hoverflies in greater degree than vane traps.
Shannon-Weaver diversity metric showed that the rural
areas of Djonno and Urheim were the most diverse, while
Opedal, the most urbanised area, was the least diverse. Due
to the missing dates and trap materials in data, there is un-
certainty in the Shannon-Weaver diversity index for both
Opedal and Djenno as opposed to Urheim. Species accu-
mulation curve showed that traps underrepresented the
available species, and the data collected is therefore unlikely
a true representation of what the hoverfly community looks
like. To obtain a better representation of diversity, abun-
dance, and phenology of hoverflies in Hardanger, we would

need to reassess the methodology used for capture and sam-
ple insects over a greater and more consistent time period.
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