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Summary

Non-bee pollinators (NBP) are a group of species with very diverse ecology. Indeed, they inhabit
various habitats, using these as nesting sites, for shelter, as source of food and as hunting
ground for prey. Depending on the life stage of species, NBPs can inhabit different areas and
their overall contribution to pollination can be diverse. For example, adult butterflies mainly
forage on nectar, whereas their larvae are herbivorous. Based on the highly diverse lifestyle,
NBP’s exposure to biocidal products can take place over different environmental compartments
or matrices and they can be more exposed during certain life stages in which they are more
sensitive. Mainly, exposure can take place through consumption of contaminated food (e.g.,
nectar, pollen, leaves) and water (e.g., puddles, natural water bodies) and/or through contact
to contaminated materials used for shelter or nesting sites (e.g., soil, mud, litter, wood, stems).
Also, when products are sprayed and insects come in contact to them while flying, exposure in
airspace can be assumed. As some biocidal products are used against fly larvae in manure or
dung, exposure of species is possible, if they use dung or manure as food source (e.g. some
adult butterflies) or as nesting sites. Hence, the NBP can get exposed to biocidal products
according to different routes of exposure. This scientific report aims to collect the available
information on NBP in order to facilitate future research on the effects of biocides on these
organisms. To reach this aim, firstly, a literature review related to the ecology and the sensitivity
to insecticides of Diptera, Lepidoptera, non-bee Hymenoptera (Symphyta), and Coleoptera was
done. Furthermore, a collection of toxicity endpoints of NBP exposed to active substances has
been conducted. Ultimately, a data set of 143 toxicity end points in arthropod pollinators has
been gathered across nine active substances and further analysis has been conducted to
establish whether their sensitivity significantly differs to that of the honey bees (HBs). Although
the database is relatively scarce, it seems to indicate that some NBP species, at certain life
stages (e.g., larvae), can be as sensitive or even more sensitive than HBs for some active
substances. Nevertheless, the results shows that the development of a risk assessment approach
on NBP would have to deal with a high heterogeneity and limited knowledge of sensitivity
variability of these organisms. In conclusion, further research is needed to fill the current data
gaps on the NBP ecological traits, which species and for which substances/mode of action they
appear to be more sensitive to address the risk assessment of biocidal products.
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1. Introduction

Nowadays, bees are well documented as effective pollinators of global crops of economic
importance. However, the contributions by pollinators other than bees have been little explored
despite their potential to contribute to crop production and stability in the face of climate change.

On 2 December 2019, the European Commission mandated ECHA to develop a guidance for
assessing the risks to arthropod pollinators (including bees) from biocides exposure to ensure a
high and harmonised level of protection of the environment, considering EFSA’s Guidance
Document on the Risk Assessment of Plant Protection Products on Bees (currently under review).
In addition, ECHA was requested to specify the information required to enable a conclusion by
the evaluating authority on whether products comply with the criteria under Article 19(1)(b)(iv)
of the Biocidal Products Regulation concerning bees and other arthropod pollinators.

In order to fulfil the Terms of Reference from the mandate, a scientific expert group composed
of experts from Member States with specific scientific competence in risk assessment to bees,
other arthropod pollinators and bee biology with the support from experts from the European
Food and Safety Authority (EFSA) has been set up by ECHA. Within the group, several experts
have been focusing on the non-bee pollinators with the goal of ensuring that a risk assessment
methodology will be available in the future to protect these organisms and therefore ensure that
the ecosystem service of pollination they provide is sufficiently protected.

During the development of this report two consultations have been carried out to the ECHA's ad
hoc stakeholder consultation group on pollinators guidance (experts from academia, industries,
and NGOs) to ensure all relevant information with regards to non-bee pollinators (NBP) had been
collected.

NBP include, among others, flies, beetles, moths, butterflies, wasps, ants, birds and bats. The
first aim of this scientific report is to compile and analyse available studies on families of non-
bee arthropod insects that are known to visit flowers and identify those ones have a role in
pollination, focusing on their ecological traits, habitat types and feeding behaviour (chapter 3).

Once the key families of organisms were identified, the work focused on collecting available data
by a scientific literature review on sensitivity of these organisms with the aim of understanding
whether HB can be used as surrogate species to protect other NBP (chapter 4). Overall, a data
set of 143 toxicity end points in arthropod pollinators has been gathered across nine active
substances and further analysis have been conducted to establish, whether their sensitivity
significantly differs to that of the HB, and thus would need to be considered in the environmental
risk assessment in the future (chapter 4, section 4.2).

This report should form the basis to decide in the future whether a quantitative risk assessment
for NBP is possible based on the currently available data and should serve as starting point for
further guidance development. Furthermore, important data gaps are highlighted and
recommendations for future research are proposed (chapter 4, section 4.3).
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2. Definitions and scope

The above-mentioned mandate of the EU COM focuses on arthropod pollinators. In general,
pollination is the act of transferring pollen grains from the male anther of a flower to the female
stigma. However, most so-called pollinators have only been determined to be flower-visiting
insects (FVI) because the usual visual observations on flowers are not sufficient to prove pollen
deposition on the stigma (Uhl and Brihl 2019). FVI are defined as insect species that directly
interact with flowers at least in the flying adult life stage (Wardhaugh 2015). Therefore, the
term “flower-visiting insects” and the term “non-bee pollinators” will be used side-by-side. The
focus of this scientific report is on non-bee arthropods, visiting flowers and their contribution
to pollination.

This report does not aim at providing a risk assessment strategy nor to conclude on whether
non-bee pollinators could be protected by the risk assessment strategies set up for HB.
However, it aims to collecting the available information and state of the art with regards to
these organisms to facilitate later discussions, research and guidance development in the
future.

3. Ecological profile of flower-visiting insects and their
role as pollinators

FVI are an ecologically diverse group of mobile, flying species (Uhl and Brihl 2019) with
representatives from the orders: Diptera (mainly dominated by flies), Lepidoptera (moths
and butterflies), Hymenoptera (bees, wasps and ants), and Coleoptera (various beetle
families) (Wardhaugh 2015). The group “bees”, which includes Apis mellifera (the western
honey bee), species belonging to the genus Bombus (bumble bees) and different families
known as “solitary bees” (e.g., species belonging to the families Megachilidae and Halictidae),
is addressed in the EFSA guidance (2012). Therefore, only non-bee FVI/pollinators are
considered in this document.

Some of the above-mentioned families contain flower-visiting species, which are also pests,
and therefore target organisms for biocidal products (e.g., ants, mosquitoes). Thus, it was
decided to exclude ants and mosquitoes from the group of relevant FVI, supported by the
fact that these families do not significantly contribute to pollination in Europe. Some further
species/families are agricultural pests regarded as nuisances like housefly/stable fly, paper
wasps and blow flies. However, Diptera and Hymenoptera are important flower visitors and
pollinators. Therefore, it was decided not to disregard these species in this document. The
same accounts for the herbivorous life stages of Lepidoptera.

A study from Wardhaugh (2015) estimates that more than a million arthropod species
globally regularly visit flowers, mainly to find food, shelter or a mate. As a side effect, some
of these species also contribute to pollination. The most abundant flower-visiting arthropods
are from the “big four” insect orders, namely the orders Diptera (flies), Lepidoptera (moths
and butterflies), Hymenoptera (bees, wasps, ants) and Coleoptera (beetles), (see e.g. Kevan
and Baker 1983; Wardhaugh 2015; Uhl and Brihl 2019).
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Recent research done by Grass et al. (2016) investigates flower visitations of insects in
wildflower plantings situated in the central German agricultural landscape. Figure 1
summarizes the results and shows that in fact a diverse community of species are visiting
flowers (UBA-Texte 54/2019). The study also shows, that aside from bees and hover flies,
flowers were visited by a diverse community of other insect taxa. In fact, non-bee/non-hover
fly insects made up more than half of the visiting individuals and accounted for more than
75% of FVI species (Figure 1).
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Footnote: The dashed line shows the cumulative fraction of honey bee and hover fly flower visits

Figure 1: Contributions of different insect taxa to flower visitations in wildflower plantings in central
Germany (UBA Texte 54/2019; adapted from Grass et al.,2016).

More research done by Rader et al. (2015) investigated flower-visits in crop systems and
they found that the 38% of the flowers were visited by non-bee species. In addition,
Wardhaugh (2015) presented an overview of species of the orders Diptera and Coleoptera,
their reason on visiting flowers and if they are known or suspected pollinators (see
supplementary data in Annex).

Ecology

Other than visiting flowers, in at least their adult stage, FVI differ substantially in their ecology
(Ollerton 2017, cited in Uhl and Briihl 2019). While adult bees feed predominantly on nectar
and their larvae mostly on pollen (Michener 2007), other FVI groups such as moths,
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butterflies and beetles also have herbivorous life stages (Koch and Freude 1992; Ebert 1994;
Scoble 1995, cited in Uhl and Brihl 2019). Similar to a large part of solitary bee species,
there are also other FVI groups with soil-dwelling larval stages, for example flies and beetles

(Koch and Freude 1992; Frouz 1999).

Habitat types

There are multiple habitat types that FVI species use throughout their life cycle according to
specific functions at certain phases (Uhl and Brihl 2019) in their life cycle. Table 1 gives an

overview of relevant habitat types used by NBP.

Table 1: Habitat types for NBP (Diptera, Lepidoptera, non-bee Hymenoptera, Coleoptera), adapted

from Uhl and Brihl, 2019.

Habitat type

Airspace

Flowers

Other parts of plants (e.g.
leaves, stems, twigs)

Sail

Water (e.g. rivers, lakes,
puddles), macrophytes

Dung, manure

Other organic matter (e.g.
litter, animal carcasses, faeces)

Life stages

Adults

Larvae, adults

Larvae
(herbivorous),
pupae, adults

Larvae (soil-
dwelling), adults

Larvae, adults

Larvae, adults

Adults

Function

Food search (foraging), mate search,
nest search

Food source (pollen, nectar), nesting,
prey hunting

Food source, nesting, shelter

Nesting, prey hunting

Food source, water consumption,
nesting, shelter

Food source, shelter, nesting

Food source

Depending on the ecological attributes of FVI species, relevant habitat types vary in time and
space. In general, airspace, different plant parts (e.g. flowers, stems, leaves), soil and
different natural (e.g. rivers, lakes) and artificial (e.g. puddles) water sources are recognized

as relevant habitat types for FVI by Uhl and Brihl (2019).
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Exposure pathways

Considering the diverse habitat types used by FVI during their life stage also their exposure
pathways to biocidal products vary according to different compartments used during their life
cycle. Table 2 gives an overview of the NBP relevant exposure pathways.

Table 2: Exposure routes and compartments/matrices of concern for life stages of FVI.

FVI order Life stage Exposure route Compartments/ma

trices of concern

Two-winged Larvae Oral Plant structures (e.g. leaves, stems,
flies (Diptera) twigs); dung, manure
Contact! Plant structures (e.g. leaves, stems,
twigs); dung; manure; air; water;
soil
Adults Oral Nectar (floral and extra-floral),

pollen; soil; water, macrophytes;
dung, manure; other organic matter
(e.g. litter, other insects)

Contact Plant structures (e.g. leaves, stems,
twigs); nectar (floral and extra-
floral); pollen; dung, manure; air;
soil; water, macrophytes

Moths and Larvae Oral Plant structures (e.g. leaves, stems,
butterflies twigs)
(Lepidoptera)

Contact! Plant structures (e.g. leaves, stems,
twigs); soil; air

Adult Oral Nectar (floral and extra-floral),
pollen; puddles formed from dung,
manure;-other organic matter (e.g.
animal carcasses)

Contact Nectar (floral and extra-floral),
pollen; plant structures (e.g. leaves,
stems, twigs); air; dung, manure

Non-bee Larvae Oral Plant structures (e.g. leaves, stems,
Hymenoptera twigs)
(wasps,
sawflies)
Contact?? Soil; man-made habitats (e.g.

wooden buildings?); air

Adults Oral Nectar (floral and extra-floral),
pollen
Contact Plant structures (e.g. leaves, stems,

twigs); air; soil; man-made habitats
(e.g. wooden buildings?)
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Beetles Larvae Oral Plant structures (e.g. leaves, stems,
(Coleoptera) twigs)
Contact?! Air; plant structures (e.g. leaves,

stems, twigs); water; soil

Adults Oral Nectar (floral and extra-floral),
pollen; plant structures (e.g. leaves,
stems, twigs); water

Contact Nectar (floral and extra-floral),
pollen, plant structures (e.g. leaves,
stems, twigs); water; air; soil

" also relevant for pupae

2 relevant for PT 08 products (Wood preservatives)

It can be deducted that FVI exposure to biocides through airspace, pollen and nectar,
stems/leaves, soil, and water sources (rivers/lakes, puddles, guttation water) can
subsequently lead FVI to exposure by direct overspray or spray/dust drift, by consuming
contaminated food items such as pollen and nectar, stem or leaf material (e.g. lepidopterans,
beetles) and contaminated water sources. Furthermore, they can be exposed by collecting
nesting materials or by digging their nests in soil (e.g. beetles, flies) (UBA-Texte 54/2019).
Not only herbaceous plants are attractive for bees and other pollinators, but also woody
plants. Shrubs and trees can produce large numbers of flowers and are therefore contributing
to the availability of nectar/pollen for arthropods (Mach and Potter 2018). This is supported
by the results of the study done by Mach and Potter (2018), where they came up with a bee
attractiveness rating for flowering plants, shrubs and trees. As a conclusion, they identified
many species of flowering trees and shrubs that are highly attractive to bees. Supposedly,
these plants could also be attractive to other pollinators. Also, non-attractive crop fields might
be habitats for FVI due to weedy undergrowth consisting of flowering wild plant species. As
reviewed by Uhl and Briahl (2019), linking habitat and plant protection products (PPP)
contamination therein to individual exposure of FVI is difficult. Whereas there is some
knowledge on food uptake and water intake by bees, data on the food spectrum of other FVI
is scarce. Food intake is highly variable between species, hence single-species estimates
cannot be generalized (Miller et al. 2006).

Overall, flower visiting insects encompass many ecologically important species that
differently contributes to pollination. Indeed, FVI are a highly heterogeneous group as they
use various habitat, and they contribute to pollination differently. Due to this heterogeneity,
also their exposure routes to biocides and compartments of concern differ among FVI. In the
recent years, knowledge regarding the benefits provided by insect pollinators is growing.
However, there is limited information regarding how FVI, which represent a large proportion
of insect, can benefit the entire biodiversity, and provide pollination services along with
additional ecosystem services, such as the control of crop pests. The following chapter
describes in more detail the biodiversity and the ecology of the four order Diptera,
Lepidoptera, Coleoptera and Hymenoptera, that together cover the majority of FVI, focusing
on their role as pollinators.
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3.1 Order Diptera

3.1.1. Main characteristics of relevant species

This diverse taxonomic group of globally over 150000 species is recognised as the second most
important flower visitors (Larson et al. 2001; Winfree et al. 2011). FVI species are found in three
families: Bombyliidae (bee flies), Syrphidae (hover flies/syrphid flies), and Tachinidae (tachinid
flies). Hover flies are considered the key group (ca. 800 species in Europe) where nearly all
species' adults consume nectar and sometimes also pollen (Larson et al. 2001; Winfree et al.
2011). However, this statement might need re-evaluation since recent findings by Grass et al.
(2016) and Orford et al. (2015) show that a substantial part of FVI species in wildflower plantings
and farmland are dipterans other than hover flies (UBA-Texte 54/2019).

Bombyliidae (bee flies, humbleflies)

Bombyliidae are one of the largest families of Diptera. This family comprises about 6,000 species,
widely distributed in the northern hemisphere (Kastinger and Weber 2001). They are found on
all continents except Antarctica and many oceanic islands, but Bombyliid species are typically
and most frequently encountered in arid areas (Evenhuis and Greathead 2015). In Europe, this
family is represented by more than 330 species (Pape et al. 2015). Bombyliidae are diverse in
terms of size, ranging from barely from 1 mm to 20 mm in length. Adults are usually brown or
grey. Their body is typically furry, which is very characteristic of this group, or covered with
scales (Figure 2). Most genera are composed of broad-bellied species, although some have a
narrow, conical abdomen (Aguado Martin et al. 2017). When flying, they make a sound, which,
together with their hairy aspect, makes this group resemble to bees or bumble bees. As members
of the order Diptera, they possess a unique pair of wings, large eyes, long and thin legs and very
short antennae. This group is characterized by their flying skills, staying in the air without moving
or flying very fast and agile.

Figure 2: Bombylius major (L., 1758) Large bee fly.
source: Christian Kantner
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Larvae are predators or parasitoids of other insects. Adults typically feed on nectar and pollen,
behaving as important pollinators. They play a major role to ecosystems contributing to cross-
pollination of plants and, in some cases, conservation of endangered species depends on bee fly
pollination (Evenhuis and Greathead 2015). Very often, they present a long tubular feeding and
sucking structure (proboscis) to sip flower nectar. Unlike butterflies, bee flies hold their proboscis
straight, and cannot retract it.

Syrphidae (hoverflies)

Syrphidae are a cosmopolitan family distributed worldwide, except in deserts and high latitude
regions. Adults are among the most abundant and conspicuous Diptera (Vockeroth and
Thompson 1987), and, in Europe, this family is represented by more than 800 species (Pape et
al. 2015).

Hoverflies, also called flower flies or syrphid flies, are diverse in terms of size depending on the
species. In general, they range from small (4 mm) to relatively large individuals (25 mm). They
are usually black, very often with yellow or orange markings on head and thorax and particularly
on the abdomen (Figure 3), more rarely predominantly brown, yellow, metallic green, or blue,
or with various combinations of these or other colours (Vockeroth and Thompson 1987).
Hoverflies of the family Syrphidae often mimic Hymenoptera.

Figure 3: Episyrphus balteatus (De Geer, 1776) Marmalade hoverfly.
source: Nancy Ludwig

Larvae have a wide variety of habitats and food source, feeding on fungi, plant tissue or even
other insects (Vockeroth and Thompson 1987). Adults are significant pollinators of many plant
species, as most members of this family are FVI and feed on pollen and nectar (Innouye et al.
2015).
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Muscidae (houseflies/stable flies)

Worldwide, the family Muscidae include approximately 9,000 species within 190 genera (Moon
2002). Muscidae are a family within the suborder Brachycera and, in Europe, there are about 45
genera and 575 species (Oosterbroek 2006).

Muscidae are small to large in their size (2-18 mm), usually coloured grey and black, some
species show yellowish brown or extensive green to blue metallic coloration (Oosterbroek 2006).
Muscidae are a richly shaped family, some typical blowfly-like (Chinery 2012). The mouthparts
are well developed (Oosterbroek 2006), the antennae are 3 segmented and the second antennal
segment is distinctly grooved (Watson and Dallwitz 2003). Ocelli are present, the eyes are mostly
asymmetric, sometimes connected above the antennae or nearly closed (Watson and Dallwitz
2003). The thorax shows dorsal suture continuous across the middle with well-defined posterior
calli (Watson and Dallwitz 2003). The scutellum is bare underneath and the subscutellum is
absent (Oosterbroek 2006). The abdomen consists of 3-5 segments and are visible (Watson and
Dallwitz 2003).

The larvae are carnivorous (Phaoniinae, Mydaeinae, Coenosia, Limnophora, Lispe, Graphomya),
saprophagous in decomposing organic material (excrement, vegetable or animal), the third
larvae instar may be also carnivorous (Muscini, Stomoxyni, Hydrotea) and rarely phytophagous
(Atherigona) (Oosterbroek 2006). Many species are related to the human environment, the most
commonly known species is Musca domestica (d'Assis-Fonseca 1968; Watson and Dallwitz
2003). The adult stages of most species are visiting flower and feed on nectar, some species are
predators (Coenosiinae), feeding on blood (Stomoxyni) and wound liquor (Hydrotaea) and are
therefore vectors of diseases (Oosterbroek 2006). Some species also eat pollen and use flowers
as sites for predatory activity (Inouye et al. 2015). Some species are predators on other fly
larvae like flower flies, crane flies and midges (Skevington and Dang 2011). Floral visits can be
quite long up to 15 min for the pollen eating genus Thricops (Elvers 1980). The survey by
Clement et al. (2007) showed that Muscidae are efficient pollinators for the plant genus Allium.
Muscidae are also known as pollinators for brood-site deception including the mimicking of dung
and carrion (rev. by Jirgens et al. 2013; Urru et al. 2011) but also important for the pollination
of non-mimetic flowers (Orford et al. 2015).

Nemestrinidae (tangle-veined flies)

Most of the species of the family Nemestrinidae are found in the tropics and subtropics, especially
in South America and Australia (Narchuk 2006). The family covers around 250 species worldwide
in 23 genera (Woodley 2009). In Europe, 6 genera with 13 species are spread (Oosterbroek
2006).

Nemestrinidae are large flies, with a size range of 10 to 18 mm, frequently have a long proboscis
with narrow sucking lobes and a densely pubescent body (Narchuk 2006). The head can be wider
than the thorax with very large eyes (Bernardi 1973; Woodley 2009). The body is variable
coloured, sometimes the thorax and the abdomen are banded, the wings are elongated and with
complete venation (Oosterbroek 2006).

The larvae are endoparasitoids of beetles (family Scarabeidae) and grasshoppers. The host is
still alive until the fourth larvae stage develops (Narchuk 2006; Oosterbroek 2006). Pupation
takes place outside of the host’s body (Narchuk 2006). The adults hover in the air over flowers
and frequently visit flowers (Oosterbroek 2006). Since the adults are frequently covered with
pollen, they are considered important for cross-pollination of plants (Narchuk 2006), especially
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for plants with long tubes.

Stratiomyidae (soldier flies)

Worldwide, around 380 genera with 2,700 species are described (Zhang 2011). In Europe, 27
genera can be found with 140 species (Oosterbroek 2006).

Many of the species are brightly coloured with a size range of 3 to 20 mm (Woodley 2001). The
shape is mostly slender to stout, sometimes flattened (Oosterbroek 2006). The antennae are
divided into 7-10 segments, sometimes with swollen basal segments, the mouthparts are very
often short, the wings are often clear with a distinct venation (Oosterbroek 2006), however the
ability to fly is often not well developed (Chinery 2012). The feet have 3 lobes at the end (Chinery
2012).

The larvae are not predators or parasitoids, which is in contrast to many other families of the
Diptera (Oosterbroek 2006). The aquatic larvae feed on algae and rotting material and the
habitats are stagnant (genera Oplodontha, Odontomyia, Stratiomys and Nemotelus, see
Woodley 2001) or running waters (genus Oxycera, see Woodley 2001), moist rock faces up to
marshes and saline environments (Oosterbroek 2006). Terrestrial larvae can be found under
different rotting material like leaves in the topsoil (genera Beris, Sargus, Chloromyia and
Microchrysa, see Woodley 2001). Some species also dwell in ant nests (Woodley, 2001). Adults
feed on honeydew and nectar and frequently visit flowers, however some species also hunt
insects under the bark like dark beetles (Skevington and Dang 2011). Typcial habitats cover
woodland, dunes, coastal habitats and always in the vicinity of water (Oosterbroek 2006).

Tabanidae (horseflies)

Worldwide, there are around 4,400 species distributed (Pape 2011). In Europe, 13 genera with
220 species are spread (Oosterbroek 2006).

Tabanidae have a massive physique and can fly very fast (Chinery 2012). The eyes are very
large and often have brightly coloured patterns (Chinery 2012). The size is about 6 to 30 mm,
the body is generally brown coloured with patterns and sometimes metallic (Oosterbroek 2006).
The antennae have 6 or more segments, usually the third segment is very large, and the legs
are powerful (Oosterbroek 2006).

The larvae are aquatic, semi-aquatic or terrestrial, mostly predators (on worms, snails and other
larvae of dipterans) but also facultative saprophages (Oosterbroek 2006). The female adults are
bloodsuckers to cattle and humans and can also transmit diseases, the males suck nectar
(Chinery 2012). Many species of the family Tabanidae live in wetland soils and in beds of fast
flowing streams (Skevington and Dang 2011).

Conopidae (thick-headed flies)
Worldwide, about 800 species in 47 genera are described. In Europe, 14 genera with 85 species

are distributed (Oosterbroek 2006).

Conopidae are small (3 mm) to large (20 mm) with a slender to strong body shape (Oosterbroek
2006). Often the species are yellow-black patterned, and the mouthparts are conspicuously long
(Oosterbroek 2006) and double kneed (Arnold and Jentzsch 2016).

The larvae develop parasitically in bumble bees (BBs), bees and wasps. The injection of the eggs
is carried out in flight with special structures on the abdomen (Oosterbroek 2006). Some species
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are parasitoids of honey bees (HBs), ant flies and cockroaches (Skevington and Dang 2011).
The adults often visit flowers and feed on nectar, species with long mouths, for example, visit
long-cup flowers (Oosterbroek 2006). Many different flowering plants are often visited, as a
study by Fligel (1999) suggests. They are therefore considered important pollinators for
different wild plants. The adults usually prefer warm conditions and can be found in flower-rich
vegetation, such as near blooming heather or on trees and shrubs in flower (Oosterbroek 2006).

Calliphoridae (blow flies)

In Europe, 22 genera with 115 species are spread. The body is robust and their size ranges from
4 to 16 mm (Oosterbroek 2006). Many species are green or blue metallic colored with a silvery
or golden shine. Head, body and legs are often heavily bristled (Figure 4).

The adults and larvae of Calliphoridae are the most common species found in carrion
communities (Baz et al. 2007). Larvae of most Calliphoridae may also infest the bodies of living
human or vertebrate animals and feed on the host’s dead or living tissues (Oosterbroek 2006).
Some species are predators or parasitoids of developing stages of Hymenoptera, Orthoptera and
Isoptera (Skevington and Dang 2011). Adults often can be found on flowers, detritus, carrion
and dung.

Figure 4: Musca caesar (Linnaeus, 1758; Macquart, 183) Blow fly.
source: Christian Kantner

Tachinidae (caterpillar flies)

Worldwide around 8,500 species are known (O’'Hara J.E 2013). In Europe, 880 species are
described (Oosterbroek 2006).

The species have a body length of 2-20 mm (Oosterbroek 2006.) Most of the species are grey
to black in their coloration and some species have yellow and red spots on the abdomen (Figure
5). Some species are metallic green or yellowish grey. Many species have a high humber of
bristles on their body (Oosterbroek 2006).
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The larvae stages are endo-parasitoids of different insects and arthropods (Stireman et al.
2006). Some species deposit the eggs directly on the host and others on leaves and get eaten
by caterpillars (Oosterbroek 2006). Adults can be found on walls, leaves and other parts of
plants, however only few species are known to visit flowers (Oosterbroek 2006) such as adults
from the tribe Phasiinae and Tachinini (Stireman et al. 2006). The importance for pollen and
nectar as diet is poorly knwown (Stireman et al. 2006).

Figure 5: Eriothrix rufomaculata (DeGeer,1776) Tachinid fly.
source: Nancy Ludwig

3.1.2 Habitat Types

The order Diptera has successfully colonized all continents and all habitat types except the open
sea and the inside of glaciers (Courtney et al. 2017). However, species of midges (family
Chironimidae) are breeding near the coast of Antarctica and are therefore the most southern
living insects (Skevington and Dang 2011). The larvae can be found in various terrestrial and
aquatic habitats (Teskey 1976; Ferrar 1987; Hovemeyer 2000; Courtney and Merritt 2009).
Many larvae need a moist to wet environment - from living in organisms or tissue in plants and
organic material up to contact with bodies of water (Courtney et al. 2017). Some larvae of stiletto
flies (family Vermileonidae) live in dry areas like beaches or deserts (Courtney et al. 2017). As
shown in Table 3, adult flies can be found on various habitats from dry to wetland sites, from
rural to urban areas. Many fly species, especially within the family Muscidae, are associated with
humans.
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Table 3: Typical habitat types of Diptera in different life stages and their function.

Habitat type Life stages h Function

Flowers Adults Food source (pollen, nectar),
nesting, prey hunting

Other plant structures (e.g. Larvae (herbivorous), pupae, Food source, nesting, shelter
leaves, stems, twigs) adults

Soil Larvae (soil-dwelling), adults Nesting, prey hunting

Water, macrophytes Larvae, adults Food source, water consumption,

nesting, shelter

Dung, manure Larvae Food source, nesting

Other organic matter (e.g. Larvae, adults Food source, nesting
animal carcasses, fungi,
other insects)

3.1.3 Ecological role

According to Skevington and Dang (2011) Diptera have a high impact on ecosystems because
of their diverse feeding habits. Most of the terrestrial larvae are decomposers of organic material
and are important for the function of soils and providing nutrients for plants. Other species of
Diptera (larvae and adults) are predators or parasitoids and parasites. Diptera are also important
vectors for diseases and contribute to the propagation of plants and many pathogens like
nematodes, bacteria and viruses. When it comes to transmission of diseases, midges are the
most prominent family.

3.1.4 Feeding behaviour

Flowers with nectar and pollen are important food sources for many fly species (table 4) and
relevant for their flying activities (Skevington and Dang 2011). Flowers are also important for
finding mates, mating and are searching sites for oviposition (Larson et al. 2001). Many fly
families are recorded to visit flowers (Larson et al. 2001). The most well-known flower feeders
and important pollinators are Syrphidae (Ssymank et al. 2011), but other families might be
important too. However, the documentation of a clear pollination relationship is not clear in the
scientific community (Larson et al. 2001). There is some knowledge about numerous families of
Diptera, which visit flowers, examples are Bibionidae, Mycetophilidae and Culicidae (among
Nematocera), Syrphidae, Bombyliidae, Conopidae, Stratiomyidae, and Nemestrinidae (among
lower Brachycera); and among the higher Brachycera (Cyclorrhapha), the Muscidae,
Anthomyiidae, Tachinidae and Calliphoridae (Kastinger and Weber 2001; Larson et al. 2001;
Rotheray and Gilbert 2011).
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Table 4: Feeding behaviour of Diptera families. Does the family only feed on nectar or pollen?

‘ S LIGET Muscidae ‘ Neme. | Stra. ‘ Taba. | Cono. ‘ Call.
A | Yes Yes Yes! - Yes 2 Yes 3 Yes No
L | No No No No No No No No

(A=adults, L=larvae, Bomb=Bombyliidae, Neme=Nemestrinidae, Stra=Stratiomyidae, Taba=Tabanidae, Cono=
ConopidaeCall=Calliphoridae)

The challenge is to understand the spectrum of the life cycle and ecological niches of most
dipteran species, the knowledge thereby is scarce (Raguso, 2020). The analysis of visitation
networks and pollen transport by Orford et al. (2015) strongly proposes that it is inappropriate
to exclude non-syrphid Diptera from pollination studies. The authors suggest focussing on
dipterans that might fill the niche of declining bees (Orford et al. 2015).

Although it is not clear which families of flies are important for pollination, the data show that
flies visit various species of flowering plants and will be considered in the risk assessment for
non-arthropods for biocides.

3.2 Order Lepidoptera

3.2.1 Main characteristics of relevant species

The Lepidoptera (moths and butterflies) is a species-rich order of the insects. Estimates suggest
there are ca. 160,000 described species, whereas the total number of extinct species will be
about half a million (Kristensen et al. 2007). The following paragraphs highlight some families,
known as pollinators.

Sphingidae (hawk moths)

The family of hawk moths is most diverse in tropical regions, but they can be found throughout
the world with about 1,000 species, of which 63 are present in the Palaearctic Region (Akkuzu
et al. 2007).

Hawk moths are considered to be the main pollinators for flowers characterised by long, narrow,
tubular corollas or spurs that restrict access to the nectar foragers. Hawk moths have two
principal biological adaptations that enable them to be efficient pollinators of such flowers. They
have tongues (probosces) that are long and thin, allowing them to drink nectar from long, narrow
flowers. They are also one of the specialist nectar-feeders to have developed a hovering flight,
similarly to glossophagine bats and hummingbirds (Kitching 2002).

" most species, some are predators and blood-feeders
2 some species also hunt insects
3 males suck nectar, females blood
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Zygaenidae (burnet moths)

Burnet moths are a diurnal moth family with a similar biology to many butterflies. They are often
restricted to small areas as habitats. Adults are frequent flower-visitors, where they feed on
nectar. On some occasions, burnet moths have been noticed to be the dominating pollinators of
rare orchids. The distribution of many European species is not fully known as of now, and other
knowledge on them is also limited (Cengiz et al. 2018).

Burnet moths mainly use dry grasslands as their habitats, though one of the most important
habitat types for them is semi-natural pasture (Franzen and Ranius 2004). Moths of the family
Zygaenidae are excellent indicators of environmental conditions (Cengiz et al. 2018).

Hesperiidae (skippers)

Skippers are commonly known by their quick, darting flight habits. Most skippers are brown or
grey with a notable uniformity (Wang et al. 2015). 47 species of skippers can be found in Europe.
Adult skippers of most species feed on floral nectar, but some also take up nutrients from bird
droppings. Larvae live in shelters made of leaf spun together or just folded over (Wiemers et al.
2018).

Papilionidae (swallowtail butterflies)

The family of swallowtail butterflies includes about 589 species (Heppner 2008), but only 15
species can be found in Europe. They are mainly tropical, and have larger wings compared to
other insects, which makes them powerful fliers. The coloration and patterns on wings can be
extremely rich and diverse (Collins and Morris 1985). Adults of all species visit flowers for nectar
(Wiemers et al. 2018).

Nymphalidae (brush-footed butterflies, four-footed butterflies)

Distributed worldwide, butterflies of this family are especially rich in the tropics. Painted ladies
(Vanessa cardui, Figure 6) are one of the most widely distributed species of butterfly and can be
found on all continents except Antarctica and Australia. To date, 246 species have been
discovered in Europe. They are highly variable, and there are more species in this family than in
any other family (Wiemers et al. 2018).

Adult feeding behaviour depends on the species, where some groups primarily seek flower
nectar, while others only feed on sap flows, rotting fruit, dung, or animal carcasses. Caterpillar
appearance and behaviour vary widely (Wiemers et al. 2018).
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Figure 6: Vanessa cardui (Linnaeus, 1758) The painted lady.
source: Christian Kantner

Pieridae (whites and sulfurs)

Species of Pieridae have long been the subjects of ecological and evolutionary studies (Wahlberg
et al. 2014). Adults of all species visit flowers for nectar, and there are 57 species of Pieridae
butterflies in Europe (Wiemers et al. 2018).

These delicate species seem to be vulnerable to many factors, such as weather, predators, and
host-plant defences. For instance, instars are frequently recorded as being attacked by
parasitoids (Courtney 1986).

Lycaenidae (gossamer-winged butterflies)

Worldwide in distribution, this second largest family of butterflies (Mulé et al. 2017) has
approximately 4,700 species, of which 130 can be found in Europe (Wiemers et al. 2018). Most
adults visit flowers for nectar, but some harvesters feed on woolly aphid honeydew and some
hairstreaks feed on aphid honeydew or bird droppings. Lycaenidae often have a mutualistic or
parasitic relationship with ants (Mulé et al. 2017).

3.2.2 Habitat types
Butterflies tend to be associated with open areas in the temperate zone (Winfree et al. 2011),

and many lepidopteran species can be found in agricultural landscapes as they also inhabit
hedgerows or fragmented areas between arable lands (Braak et al. 2018). The larvae (or
caterpillars) of most lepidopteran species are herbivores and feed on plant material such as
leaves roots, flowers, seeds, or fruits. While some species are rather restricted in their caterpillar
food spectrum and rely on one or a few host plants, others can consume a wide variety of plant
species. Since some Lepidopteran species also feed on crops during their caterpillar stage, they
have been classified as agricultural pests (UBA-Texte 54/2019). Table 5 gives an overview of
relevant habitat types used by butterflies.
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Most of the lepidopteran species feed on non-crop plants. In their adult stage, numerous species
feed on nectar and occasionally on pollen. The intake of nectar can improve longevity and
reproduction and so, butterflies and moths are regularly observed flower visitors (Hahn and
Brihl 2016). Since adult Lepidoptera visit a wide humber of plant species as nectar sources,
they might be of benefit to plant diversity due to pollination (UBA-Texte 54/2019).

Table 5: Typical habitat types of Lepidoptera in different life stages and their function.

‘ Habitat type ‘ Life stages h Function

Flowers

Other plant structures (e.g.

leaves, stems, twigs)

Soil

Water, macrophytes

Puddles from dung, manure

Other organic matter (e.g.

Adults

Larvae (herbivorous), pupae,
adults

Larvae (soil-dwelling), adults

Larvae, adults

Adults

Adults

Food source (pollen, nectar),
nesting, prey hunting

Food source, nesting, shelter

Nesting, prey hunting

Food source, water consumption,

nesting, shelter

Food source

Food source

animal carcasses, faeces)

3.2.3 Ecological role
Moths and butterflies are a common and species-rich insect group. Approximately 180,000

lepidopteran species have been described worldwide and they account for approximately 10%
of all known insect species (Hahn and Brihl 2016). Lepidoptera are one of the most studied
arthropod groups, yet most of the research has focused on diurnal butterflies, which represent
approximately 10% of lepidopteran species. The rest of the species are classified as moths and
have often crepuscular and nocturnal lifestyles (UBA-Texte 54/2019). Most lepidopteran species
are nectarivorous and only very few consume pollen (EFSA 2015). Butterflies are among the
most noticeable animals due to their wing coloration, which is perhaps the most diverse in the
animal kingdom (Giraldo and Stavenga 2008). Only limited information of the role of moth
pollination is available, but their role as pollinators might be yet underestimated (Hahn and Brihl
2016).

The importance of Lepidoptera in the ecosystem is based on their role in nutrient cycling as they
break down plant tissue in both larvae and adult stages, and they are prey for insectivorous
predators, such as birds and parasitoids (Hoang et al. 2011). They are also valuable pollinators
in ecosystems because butterflies and moths show diurnal, crepuscular, and nocturnal habits,
and many of them visit flowers throughout an entire day. They also transport pollen across a
range of distances and are a species-rich group of potential pollinators. Moths as flower visitors
can pollinate a range of plant species, of which most are specialized for moth pollination (certain
orchids, for instance). The role of moths as pollinators can at present still be underestimated
because only a limited number of studies on moth pollination are available (Hahn and Bruhl
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2016). Lepidoptera, and especially their larvae, can also be pests to crops (Fernandes et al.
2013). Species such as Pseudophilotes baton, the baton blue, have been listed as a highly
vulnerable species (UBA-Texte 54/2019).

3.2.4 Feeding behaviour

Flower-visiting species are mostly part of the moth families Noctuidae (owlet moths), Sphingidae
(hawk moths), Hesperiidae (skippers) and the butterfly superfamily Papilionoidea (common
butterflies). Generally, lepidopteran species are nectarivorous, only very few consume pollen
(Table 6). Though some species are reported to also feed on bird droppings, sap flows, rotting
fruit, dung, or even animal carcasses (Norris, 1936; Boggs, 1987). The larvae (or caterpillars)
are herbivorous and feed on plant material such as leaves roots, flowers, seeds and fruits (Scoble
1995). As some lepidopteran species also feed on crops during their caterpillar stage, they have
been classified as agricultural pests. However, Lepidoptera feed on non-crop plants (Scoble
1995) and their feeding behaviour is not independent in space and time from reproductive
behaviour. Flowers are likely also important for finding mates, mating and oviposition (Altermatt
et al., 2011). Several studies have shown that Lepidoptera act as pollinators, but overall, the
knowledge on the role of butterflies and moths - and especially nocturnal moths - is limited
(Hahn & Briihl 2016). Nonetheless, in temperate regions, these insects play a minor role as crop
pollinators (Hahn & Brihl 2016).

Table 6: Feeding behaviour of Lepidoptera families. Does the family only feed on nectar or
pollen?

‘Sphingidae Zygaenidae | Hesperiidae | Papilionidae Nymphilidae | Pieridae | Lycaenidae

A | Yes Yes Yes © Yes Yes 7 Yes Yes 8

L No No No No No No No

(A=adults, L=larvae)

6
7
8

most species, some also feed on bird droppings
some feed on nectar, some on sap flowers, rotting fruit, dung or animal carcasses
most species, some harvesters feed on honeydew or bird droppings

3.3 Order Hymenoptera

The order Hymenoptera is comprised of the two suborders Symphyta and Apocrita, with 132
families belonging to 27 superfamilies and appr. 153,088 extant species (Aguir et al. 2013).

3.3.1 Main characteristics of relevant species

Suborder Symphyta

The suborder Symphyta is paraphyletic and probably the most primitive group within the
Hymenoptera (Aguiar et al. 2013; Malm and Nyman 2015). Symphyta include ca. 14 families
with more than 8,300 species widely distributed around the world (Taeger et al. 2010). In
Europe, this suborder is represented by 11 families which include ca. 1,400 species (Taeger et
al. 2006). Symphyta are found in a varied number of habitats, including meadows and forests.
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They are frequently found in mountainous areas with shrub and tree vegetation, in cool and
shady areas such as riparian forests and hardwood and deciduous forests (Stefanescu et al.
2018).

Sawfly is a general term applied to most members of this group, as females typically have a
saw-like ovipositor used to cut plant tissue for egg insertion. Symphyta are characterised by the
absence of constriction (i.e “waist”), between the thorax and the abdomen (first and second
abdominal segments). Typically, most adults are fly-like in appearance, as opposed to the wasp-
like habitus of most other Hymenoptera (Smith 1993). Adults show feeding-related mouthpart
specialization either for consuming pollen or for consuming floral nectar (Jervis and Vilhelmsen
2000).

Larvae of Symphyta resemble caterpillars (the larvae of Lepidoptera) and are responsible of
considerable damage to plants (Smith 1993). However, they are easily differentiated because
sawfly larvae have five pairs of prolegs located on abdominal segments 2-6, while true
caterpillars have at most only four pairs of prolegs on abdominal segments. The prolegs of
Symphyta do not have crochets, whereas those of Lepidoptera larvae do (Goulet and Hubert
1993).

These insects feed on a wide range of sources. Although a few species are parasitic, nearly all
species have plant-feeding habits (Goulet and Hubert 1993). Larvae are phytophagous or
xylophagous. Adults of many species take the nectar from flowers, many others eat pollen, while
a few species feed on the petals and pistils of the flowers (Jervis and Vilhelmsen 2000, Wackers
et al. 2007). Some even bite the young stems and branches to suck the fluid. Relevant families
of Symphyta are described below.

Cephidae (stem sawflies)

The family Cephidae contains about 100 species, most of which show an Eurasian distribution
and are included in the Holarctic subfamily Cephinae (Budak et al. 2011; Goulet and Hubert
1993). In Europe, 9 genera with 42 species are spread (Taeger et al. 2006). It is a small family
with a thin integument, usually black or dark coloured and commonly with narrow yellow bands
on the abdomen.

The morphology of members of this family is regarded as intermediate between the
hymenopteran suborders Symphyta and Apocrita: antennae with more than 16 segments, weak
constriction between the first and second abdominal segments, the lack of cenchri and the rough
area on fore wings (Aguado Martin et al. 2017; Budak et al. 2011).

They are known as stem sawflies (Hill 1987) as their larvae are internal plant feeders, specially
inside grass stems or twigs of woody plants. Adults are commonly observed feeding on grass
species but also on nectar from members of Cruciferaceae or Euphorbiaceae and more rarely on
Umbelliferae and other plants.

Megalodontesidae (serrate-horned sawflies)

This family is composed exclusively by the palearctic genus Megalodontes (Taeger et al. 2006)
which includes about 40 species restricted to the temperate regions of Eurasia (Goulet and
Hubert 1993). In Europe, there are 22 species and most occur in the Mediterranean region
(Taeger, 2002; Taeger et al., 2006).
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Adults of this genus are characterized by their big teeth or jaws, as well as by presenting most
of their cuticle black, except for some yellow spots on the head and thorax, and abdominal rings
of the same colour. Legs and antennae are in general orange or yellow with black lines (Aguado
Martin et al., 2017).

Larvae feed on herbaceous plants. Adults are attracted mostly by yellow flowers like those from
Compositae, Ranunculaceae, Cistaceae and Umbelliferae, and live in bogs or flooded meadows,
in clearings near water courses as well as in other habitats characterized by a high degree of
humidity (Aguado Martin et al., 2017).

Tenthredinidae (common sawflies)

This is by far the largest family of the Symphyta in general. There is controversy regarding the
number of species worldwide. Some authors speak about 1,775 species (Schmidt et al. 2017;
Taeger et al. 2010), while others raise that figure to more than 6,000 (Goulet and Hubert 1993).
Most of these species are found in temperate regions of the Northern Hemisphere, being the
dominant sawfly group in boreal and arctic regions (Goulet and Hubert 1993). In Europe, more
than 1,070 species are cited.

They are commonly named as the ‘common sawflies’ and can generally be recognized by their
long-divided antennae in 9-11 (7-12) segments, cylindrical body and well-defined scutellum
(Aguado Martin et al. 2017; Quinlyn et al. 2019). Adults are usually black, but most often with
strikingly bright coloured patterns of green, brown, yellow, red, or white (Goulet and Hubert
1993).

Larvae are phytophagous, often feeding gregariously on the leaves of trees, shrubs and
herbaceous plants. They usually possess 6-8 pairs of abdominal prolegs which, unlike those of
lepidopterous larvae, lack crotchets (Alford 2012).

Adults live most commonly only for a few weeks in spring and early summer, though some are
found throughout the summer and fall (Goulet and Hubert 1993). In general, adults are FVI
feeding on nectar and pollen. In case of female adults, during reproducing period, they also feed
on other insects like flies, coleopterans and even other Symphyta individuals.

Argidae (argid sawflies)

Argidae is the second most species-rich family of Symphyta with ca. 920 known species
worldwide and with most diversity occurring in tropical regions (Schmidt et al. 2017). This family
has a widespread distribution in Europe and is represented by 68 species within 5 genera.

They are easily recognized by their characteristic antennae (three-segmented, the third segment
very long and usually forked), and they often have preapical spurs on the middle and posterior
pairs of legs. Adults usually have a black head and thorax (more rarely with an orange thorax)
and orange abdomen, or with the integument of almost the entire body of a metallic blue or
green colour, except for antennae and legs that can be orange or black (Aguado Martin et al.
2017).

The larvae are caterpillar-like and feed on foliage of many plants (Goulet and Hubert 1993).
Adults of some species of this family not only feed on floral and extrafloral nectar, but also on
pollen (Wackers et al. 2007).
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Cimbicidae (cimbicid sawflies)

The family Cimbicidae, which contains ca. 200 described species around the world (Vilhelmsen
2019) with holarctic distribution (except for the subfamily Pachylostictinae; Smith 1988). The
family is present in Europe with 6 genera including 55 species.

They are generally robust and large, and adults of some genera resemble bumble bees. Adults
are recognized by the distinctively clubbed antennae, the absence of a mesoscutellar appendage
and abdominal terga usually separated by folds, causing the abdominal spiracles to be oriented
ventrally (Vilhelmsen 2019). Little information is available on the diet of adults. Mainly, they are
referred to feed on deciduous tree species such as Ulmus, Salix, Alnus and Betula (Quinlyn et
al. 2019; Smith 1993) and floral tissues such as petals and stamens. Therefore, adults may
therefore consume nectar as well as floral tissues (Jervis and Vilhelmsen 2000). In addition,
adults (mainly females) have been recorded preying on insects, which often takes place on
flowers (Jervis 2000).

Larvae are solitary and feed externally on plant tissue. At the end of the larval development,
they form a cocoon on the host plant or in the ground in which they pupate (Vilhelmsen 2019).

Suborder Apocrita

Crabronidae (digger wasps)
Crabronidae is the largest of the spheciform families with about 3,400 species around the world

in two subfamilies (Brothers and Finnamore 1993). Their diet consists of nectar and pollen, but
they also prey on other insects as food for the larvae. Their nests are often built in wood, plant
stems or the ground (Ghaderipour et al. 2021). 816 species can be found in Europe (Schmid-
Egger et al. 2018).

Sphecidae (thread-waisted wasps wasps)

Sphecidae are a cosmopolitan but mainly tropical family of 660 species in three subfamilies
(Brothers and Finnamore 1993). Some species can also be found in Europe (Cetkovi et al. 2004).
This family includes a broad range of behaviour, including parasitoid and primitive social
behaviour. They often build their nests in mud or construct it in the ground, some use pre-
existing cavities. Sphecidae prey on other larvae (Brothers and Finnamore 1993).

Chrysididae (cuckoo wasps)

Cuckoo wasps are a family of obligate brood parasites (i.e., parasitoids and kleptoparasites).
The use of hosts varies among sawflies, wasps and bees, walking sticks and moths. The family
includes about 3,000 species in four subfamilies (Pauli et al. 2018). Currently, about 490 species
are known in Europe, but the number could be higher. Although all cuckoo wasps parasitize other
insects, they differ in the way they use their hosts: the parasitoids feed directly on the host
larvae or pupae, whereas the kleptoparasites mainly make use of the food items stored in the
host brood cell. Both often result in the death of the host. Some species parasitize other wasps
and solitary bees, whereas others attack sawflies. Some also visit flowers, but their role as
pollinators is rather insignificant (Paukkunen 2018). Adults of many species of the family visit
bee cells for nectar and pollen (Martynova and Fateryga 2015).

Most cuckoo wasps live in warm, sunny habitats with sun exposed dead wood and/or bare sandy
patches that provide nesting sites for their hosts. They are often seen on walls of wooden
buildings or on sandy patches searching for nests to invade. Log houses and other wooden
constructions such as wood poles are also typical habitats (Finnish Environment Institute 2013).
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In regions with cooler climates, cuckoo wasps usually occur patchily in forest edges, sandy
shores, and various artificial habitats, such as gardens, dry meadows and road verges. Since the
hosts of most cuckoo wasps are highly specialized predators or pollen feeders, cuckoo wasps as
their natural enemies may be particularly vulnerable to environmental changes (Paukkunen
2018). Cuckoo wasps are still quite poorly known and there is much uncertainty on their
taxonomy, distribution and biology. Several species of the family are considered threatened due
to habitat loss (Finnish Environment Institute 2013).

Species of Vespoidea vary in behaviour. Their range includes parasitoids, parasitic, solitary,
social and scavenger behaviour. Parasitoids tend to parasitize the larvae of Coleoptera or soil-
nesting wasps and bees. Predators and scavengers prey on a variety of insects and spiders, with
the female providing prey as food for the larva. Herbivorous species make use of seeds, pollen
or fungi (Brothers and Finnamore 1993).

Pompilidae (spider wasps)

Spider wasps are a cosmopolitan but mainly tropical family comprising of 4,000 to 4,500 species
worldwide. Adult wasps are often mostly black with red, white, or yellow areas or markings
(Brothers and Finnamore 1993).

Spider wasps are solitary wasps, and their larvae develop in paralyzed spiders (Ghahari et al.
2014). Most of the species dig simple burrows in the soil to store the spider on which the egg is
laid. They do not visit the nest after laying the egg but build other nests elsewhere (Evans and
Shimzu 1996). They can be found on flowers where they forage for nectar (Pitts et al. 2006).

Tiphiidae (tiphiid wasps)

Tiphiid wasps are a cosmopolitan but predominantly tropical family including about 1,500 species
in seven subfamilies (Brothers and Finnamore 1993). Three subfamilies are present in Europe,
namely the Tiphiinae, Myzininae and Metochinae (Bogush 2007). Adults are mostly black,
sometimes with yellow or red markings (Brothers and Finnamore 1993).

All species are solitary, and their biology and ecology are very similar to those of Scoliidae. The
larvae are ectoparasitoids of the larvae of soil dwelling Coleoptera (Bogush 2007). Both males
and females feed on nectar and honeydew (Oliver et al. 2006).

Scoliidae (scoliid wasps, mammoth wasps)

Scoliid wasps are a predominantly tropical family with about 560 species. In Europe, the family
is represented by about 22 species (Olszewski et al. 2016). They are large, stout-bodied and
often black with red, yellow or white patterns (Grissel 2007).

All species are solitary, and the larvae are ectoparasitoids of coleopteran larvae. The female
wasps dig the ground for larvae to paralyze them and use them as a host for their egg (Olszewski
et al. 2016). Adults feed on nectar (Barrat 2003) and they often visit flowers (Winfree et al.
2011).

Vespidae

There are 300 species of Vespidae in Europe, divided into four subfamilies: Masarinae (the pollen
wasps), Eumeninae (the potter or mason wasps), Polistinae (the paper wasps) and Vespinae.
Vespinae are social wasps that build aerial or underground nests made of carton, composed of
several combs protected by an envelope (Rasplus et al. 2010). This subfamily includes the true
hornets (the genius Vespa) and the yellowjackets (genera Dolichovespula and Vespula). Pollen
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wasps and paper wasps are cosmopolitan but mostly tropical with around 4,000 species in six
subfamilies.

Vespidae adults are usually brown or black, often with yellow or white markings (Figure 7). Most
species are solitary, though some are (eu)social. In solitary species, the larvae are usually
predatory on other insects, particularly caterpillars. Eggs are laid in a cell constructed and
provisioned by the adult female (Brothers and Finnamore 1993). The larvae are rarely supplied
with pollen and nectar. In social species, the larvae feed on masticated insects or on glandular
secretions provided by the female wasps. Some species are kleptoparasites in the nests of social
species (Agriculture Canada 1993). Social Vespidae forage for water, pulp, carbohydrates, and
animal protein. When hunting, social wasps are opportunistic generalists (Richter 2000).

Figure 7: Polistes dominula (Christ, 1791) European paper wasp.
source: Nancy Ludwig

Vespinae subfamily includes about 80 species in four genera. They are eusocial and construct
annual or perennial compact paper nests, which are usually multicombed and covered with a
paper envelope, suspended in the open, in sheltered positions or underground. The larvae are
fed on masticated insects or even flesh from dead vertebrates (Brothers and Finnamore 1993).

Masarinae and Pseudomasaris subfamilies include about 250 species, all of which are solitary.
Adult Masarinae are small to moderate in size with sessile metsoma. They nest in mud or soil,
and provision the nests with pollen and nectar (Brothers and Finnamore 1993). Masarinae
pollinate flowers as they visit them for pollen and nectar (Hunt and Toth 2017).

Polistinae subfamily includes about 700 species in about 25 genera. Most species are found in
the neotropical region. They are eusocial and build annual or perennial paper nests, which are
sometimes covered with a paper or mud envelope but are often exposed, suspended in the open
or in sheltered positions. The larvae feed on masticated insects, especially caterpillars, but also
on stored termites, ants or honey (Brothers and Finnamore 1993).
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3.3.2 Habitat types

Parasitoid wasps (such as Sphecidae, Chrysididae, and Pompilidae) naturally need a habitat with
a sufficient host population. Adult females of many parasitic wasps either aestivate or hibernate
or do both. As shown in Table 7 they favour habitats such as grass tussocks, loose bark or dense
and evergreen aerial vegetation (Shaw 2006). Man-made habitats, such as the walls of wooden
buildings, also suffice when they search for host nests (Paukkunen 2018). Preferences for certain
habitat sites vary between species (Shaw 2006).

Many wasp species nest in the ground. Nests can be made of paper, mud, sand, twigs and rocks.
Some species, such as the Vespidae, construct compact paper nests, suspended in the open, in
sheltered positions or underground. Parasitic species are also often seen on the walls of wooden
buildings or on sandy patches searching for nests of their hosts (Paukkunen 2018).

Social wasps live in vegetated deserts, scrublands, different forests (dry, rainforest, high
latitude/altitude coniferous forests) and arctic tundra (Hunt and Toth 2017).

Table 7: Typical habitat types of sawflies and wasps in different life stages and their function.

Habitat type Life stages h Function

Flowers Adults Food source (pollen, nectar),
nesting, prey hunting

Other plant structures (e.g. Larvae, adults Food source, nesting, shelter,
leaves, stems, twigs) prey hunting

Soil Larvae, adults Nesting, prey hunting
Man-made habitats (e.g. Larvae, adults Host-nest foraging, nesting

wooden buildings)

3.3.3 Ecological role
The ecological role of Symphyta is linked to their high diversity and their behaviour as FVI. Many

plant species serve as nectar and pollen sources to symphytan groups, but among the flowers
that most attract adults are the Rosaceae, Umbelliferae, Ranunculaceae and Euphorbiaceae.
Very often adults only visit the flowers of the host plant that feed their larval stages. Their great
diversity also leads to a certain level of specialization and specificity in some species, determining
even their morphological characteristics (Jervis and Vilhelmsen 2000). However, in most cases
sawflies can only take nectar from wide flowers with fairly well exposed and easily accessible
nectarines.

In relation with the larval stage of many symphytan groups, some sawflies and gall wasps are
economically important pests of crop and ornamental plants. Larval stages feed on plant tissue
and, very often, they feed on plant leaves. Certain species can be extremely damaging in certain
types of crops (Smith 1993), but many of these have potential roles in the biological control of
weeds as well. Notably, pest sawflies include both external foliage feeders such as the pine
sawflies (Diprionidae), which can be major defoliators of coniferous forests, and concealed
feeders such as the wheat stem sawfly, Cephus cinctus (Cephidae) (Quicke 2009).
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Wasps are common flower visitors, especially the families Vespidae, Scoliidae and Pompilidae
(Winfree et al. 2011). The family of Vespidae is also recognized as one of the main predators of
phytophagous insects in natural environments and agricultural ecosystems (Bacci et al. 2009).
Social wasps collect water, carbohydrates, fibres of plants and hunt arthropod prey or scavenge
for animal proteins (Fernandes et al. 2013).

Wasps are also important regulators of arthropod populations, such as insect vectors of diseases
and crop pests (Sumner et al. 2018). Moreover, wasps next to hoverflies, beetles, butterflies,
bugs, and bees contribute to pollination, but the contribution of non-bee taxa are not well
recognised (Rader et al. 2016). The social wasp Vespula pennsylvanica, the western
yellowjacket, has even been observed to be a more effective pollinator than the honey bee (HB)
in certain environments (Thomson 2019).

Social wasps occur in many different habitat types, and they hunt a wide range of prey. Their
impact on the predation on other insects could be considered substantial (Hunt and Toth 2017).
Parasitoid wasps also have an important role in natural and agricultural ecosystems, as they
destroy eggs, larvae or cocoons of many other species of insects and arthropods. This can lead
to other beneficial effects such as help to control invasive species (Penninsi 2010).

3.3.4 Feeding behaviour
While larval stages of Symphyta are phytophagous or xylophagous feeding on plant tissue, the

feeding habits of adult members of Symphyta include floral and extrafloral nectar as a sugar
source. In the case of pollen feeding, it has barely been reported for some members of Symphyta
(Table 8).

Table 8: Feeding behaviour of Symphyta families. Does the family only feed on nectar or pollen?

‘ Cephidae ‘ Megalodontesidae | Tenthredinidae | Argidae Cimbicidae
A No Yes No Yes No
L No No No No No

(A=adults, L=larvae)

Wasps have a diverse feeding behaviour from parasitic, solitary, social to scavenging behaviour.
The diet of many adult wasps seems to consist of predominantly nectar or pollen. The larvae are
mostly exhibiting carnivorous parasitic behaviour, and thus pollen and nectar have a minor part
in their diet (Table 9).

Table 9: Feeding behaviour of wasp families. Does the family only feed on nectar or pollen?

‘Crabronidae ‘Sphecidae Chrysididae | Pompilidae ‘Tiphiidae

Scoliidae | Vespidae

A | Yes

L | No

No

No

Yes

No

Yes

No

Yes

No

Yes Yes

No

No

(A=adults, L=larvae)
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3.4 Order Coleoptera

The order Coleoptera is the most diverse and species rich insect group on earth with more than
380,000 species described (zZhang et al. 2018). There are 4 suborders (namely the
Archostemata, Myxophaga, Adephaga and Polyphaga), 17 superfamilies and 168 families
described (Lawrence and Newton 1982; Zhang et al. 2018 and supplementary information 1).
Beetle species from multiple families are recognised as pollen feeders. However, data on the
prominence of these taxa as FVI is scarce, and it has been estimated that approximately 30%
of the global arthropod species are regular flower visitors. Therefore, several taxa might be
quantitatively relevant FVI but cannot be recognised as such due to an insufficient database
(EFSA 2015).

Beetles are mostly holometabolic, developing from eggs through several larval stages and
pupation to the imago (Bouchard et al. 2017).

Among the nine largest beetle families, seven are (partly) phytophagous: the Curculionidae (true
weevils), Chrysomelidae (leaf beetles), Cerambycidae (long-horned beetles), Buprestidae (jewel
beetles), Scarabaeidae (scarab beetles), Tenebrionidae (darkling beetles) and Elateridae (click
beetles) (Zhang et al. 2018). Recent research done by Weiner et al. (2016) characterized the
abundance and number of flower-visiting and (possibly) pollinating insects within the framework
of the Biodiversity Exploratories. Each exploratory contains 50 experimental grassland plots in
Germany. As supplementary data (table S2), the number of species of collected Coleoptera are
given as 49 for 119 different experimental grassland plots. The most common coleopteran
families were the Chrysomelidae (with 18 different species), Elateridae (13), Curculionidae (13),
Coccinellidae (9), Cerambycidae (10), Cantharidae (7), Apionidae (7), Oedemeridae (6) and
Dastydidae (3). Two different species were recorded of the families Cleridae, Mordellidae,
Phalacridae, Buprestidae, Rutelidae and Carabidae. One species each were found of the family
of Bostrichidae, Cetoniidae, Malachiidae, Scaptiidae, Staphylinidae and Tenebrionidae.

Wardhaugh (2015) identifies coleopteran families which contain species that have been recorded
visiting flowers and also indicates, for which of these families pollination is suspected or
confirmed (see supplementary data, table S1). The following table summarizes these data,
focusing only on the families known or suspected as pollinators. Furthermore, the table gives
information on the reasons for visiting flowers. All in all, 25 families are pollinators, some of
them (namely the Buprestidae, Mordellidae, Oedemeridae, Meloidae, Scraptiidae, Nemonychidae
and Belidae) are obligate flower visitors (table 10, Wardhaugh 2015).

Table 10: Coleopteran families suspected or confirmed as pollinators (adapted from Wardhaugh 2015).

Coleopteran Reason for visiting flowers

family

Hydrophilidae Unknown

Ptiliidae Unknown

Staphylinidae Pollen/nectar/insect prey
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Scarabaeidae

Buprestidae

Elateridae

Lycidae

Cantharidae

Dermestidae

Cleridae

Melyridae

Erotylidae

Monotomidae

Nitidulidae

Mycetophagidae
Mordellidae
Oedemeridae
Meloidae
Anthicidae
Scraptiidae
Cerambycidae
Chrysomelidae
Nemonychidae
Belidae

Curculionidae

Pollen/nectar/flowers/deceived*

Pollen/nectar/flowers *

Pollen

Pollen/nectar

Pollen/nectar

Pollen

Pollen/nectar/insect prey

Pollen/insect prey

Pollen

Unknown

Pollen

Unknown
Pollen/nectar*
Pollen*
Pollen/insect prey*
Unknown
Unknown
Pollen/nectar
Pollen/flowers
Pollen*

Pollen*

Pollen/nectar/flowers

The following paragraph gives an overview of flower-visiting beetle families. Due to a partly

scarce data base, detailed descriptions could not be included for all families.
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3.4.1 Main characteristics of relevant species

Infraorder Scarabaeiformia
Scarabaeidae (scarab beetles)

The Scarabaeidae (superfamily Scarabaeoidea, see Bouchard et al. 2011), commonly known as
scarabs or scarab beetles, are a species-rich family including species which are ecologically and
economically important as pollinators and agricultural pests (Moore et al. 2018). Worldwide,
1,900 genera and 27,000 species are described so far (Bouchard et al. 2017).

In central Europe, 42 genera with 211 species are described (Harde and Severa 2006). One
important subfamily in Europe is the Cetoniinae (Figure 8) with well-known representatives being
the flower beetles or rose chafers (e.g. Cetonia aurata, the green rose chafer). Adult Cetoniidae
are known as nectar- and pollen-feeding flower visitors, whereas larvae develop in decaying
vegetable matter or in plain soil (Krikken 1984; Ritcher 1958). Most species of Cetoniinae are
diurnal (Ritcher 1958).

Figure 8: Oxythyrea funesta (Poda, 1761) The white spotted rose beetle.
source: Christian Kantner

The family Glaphyridae (e.g. the genus Polypleurus, superfamily Scarabaeoidea) are known to
forage and mate on mediterranean red, bowl-shaped flowers, e.g. poppies and red anemones
(Keasar et al. 2010). Adults of glaphyrid beetles are often brightly coloured and hairy, often
resembling bees or bumble bees (Keaser et al. 2010). Glaphyrid beetles are diurnal and active
flyers, can often be seen hopping between flowers or foliage or flying (Keasar et al. 2010). The
genus Pygopleurus shows a strong preference for red flowers, as could be shown by the
experiments of Streinzer et al. (2019). In contrast, species of Trichopleurus (subgenus Eulasia)
prefer violet, spiny flowerheads (e.g. Onopordum spp.) or yellow Centaurea spp. (both family
Asteraceae) (Keasar et al. 2010).

Representatives of the Cyclophala, night active flower visitors, depend on volatile organic
compounds to find their host plants (Maia et al. 2018). Flower-visiting species of the sub-family
Rutelinae are e.g. Phyllopertha horticola, the garden chafer or garden foliage beetle, and Hoplia
argentea, the gold dust leaf beetle (see results in Weiner 2016).
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Infraorder Cucujiformia
Coccinellidae (ladybugs or ladybird beetles)

Native Coccinellidae (superfamily Cucujoidea, see Bouchard et al. 2011) amount to 104 species
of 37 genera in central Europe (Harde and Severa 2006) and about 6,000 species placed in 360
genera worldwide (Tomaszewska and Szawaryn 2016; Bouchard et al. 2017). As is commonly
known, adults and larvae are beneficial predators of aphids (Harde and Severa 2006), but some
species complement their nutrition by feeding on pollen, guaranteeing survival and, at times,
reproduction when prey is scarce (D’Avila et al. 2016). Weiner (2016) reported 9 different
species visiting flowers in grassland, the most prominent ones being Coccinella septempunctata
(the seven-spot ladybird beetle), Hippodamia variegata (the Adonis ladybird beetle) and
Tytthaspis sedecimpunctata, the sixteen-spot ladybird beetle. The seven-spot ladybird beetle is
6 to 7 mm in length and can be found in the palaearctic region (Bily 1990).

Nitidulidae (sap beetles)

The Nitidulidae (superfamily Cucujoidea, see Bouchard et al. 2011) are a large family with more
than 2,000 species (Ortloff et al. 2014). In central Europe, the family is represented by 154
species of 23 genera (Harde and Severa 2006). Sap beetles are mostly small, e.g. Meligethes
aeneus, the rape beetle, is 1.5 to 2.7 mm in length, with a variety of body forms (Harde and
Severa 2006). Lee et al. (2020) state, that the family Nitidulidae exhibit one of the most diverse
feeding strategies of all beetles (including mycophagy, predation, saprophagy, necrophagy,
autophagy, frugivory and tree sap/fluid feeding) and also occur in a variety of microhabitats
(e.g. living and dead plants, leaf litter, subterranean fungi. Beetles of the genus Meligethes are
feeding on pollen from different plant species (Romeis et al. 2005).

Rader et al. (2020) state two coleoptera families, the Coccinelidae and the Nitidulidae, as families
visiting a wide range (> 12) of crops, also stating, that particularly Nitidulidae may also be of
importance as agricultural pests.

Phalacridae (shining flower beetles, shining mold beetles)

The Phalacridae is a family within the superfamily Cucujoidea (Bouchard et al. 2011). There are
635 species and 52 genera described worldwide (Majka et al. 2008; Gimmel 2013), in central
Europe 23 species from 3 genera are native (Harde and Severa 2006). The imagines are small,
round-oval, shining and mostly black, with a domed upper side and can mostly be found on
flowers (Harde and Severa 2006).

Species of the family occur nearly worldwide in terrestrial environments and are mostly feeding
on fungi or are palynophagous (pollen-feeding) (Gimmel 2013).

Cerambycidae (long horned beetles)

The Cerambycidae is a family within the superfamily Chrysomelidae (Bouchard et al. 2011). They
are one of the species-richest family of saproxylic beetles (est. 35,000 described species) (Peris-
Felipo et al. 2011). According to Harde and Severa (2006), there are 247 described species and
90 described genera in central Europe.

A common representative in Europe is Rutpela maculate, the spotted longhorn. The imagines
are 14 to 20 mm in length and can be found from May to August on flowers of mainly thistles
and Apiaceae, foraging for pollen, others are known to feed on needles or twigs of healthy trees
(e.g. Monochamus spp.; Rose 1957 cited in O'Neill et al. 2008). Larvae live in rotten or decaying
wood (Bily 1990).
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Chrysomelidae (leaf beetles)

The Chrysomelidae (superfamily Chrysomeloidea see Bouchard et al. 2011) are one of the most
species-rich coleopteran families worldwide (more than 3,700 described species, belonging to
more than 2,000 genera), with 2,300 species in the Euro-Mediterranean region (Magoga et al.
2018) and 595 species in 73 genera native in central Europe (Harde and Severa 2006). Leaf
beetles are mostly phytophagous and partly known for their impact on agriculture (Magoga et
al. 2018). They are facultative pollen eaters and important pollinators (Romeis et al. 2005). Most
imagines are round or round-oval. Larvae can be found mostly feeding on leaves, roots or stems
(Harde and Severa, 2006), adults are known to feed on leaves (Bienkowski 2010).

A common representative in Europe is the leaf beetle Cryptocephalus sericeus. Imagines are 6
to 8 mm in length and shiny metallic coloured, mostly in green, violet or bronze and partly
covered with hairs. Imagines prefer yellow flowers of Asteracea, e.g. dandelion and hawkweed
(Bily 1990).

Cleridae (checkered beetles)

The Cleridae are a family in the superfamily Cleroidea (Bouchard et al. 2011). The checkered
beetles (Cleridae and Thanerocleridae) contain apprx. 3,600 described species in 303 genera
(Gerstmeier and Eberle 2011). In central Europe, 21 species and 11 genera are native (Harde
and Severa 2006). The imagines have a metallic shine or are coloured, and the body is hairy
(Harde and Severa 2006). The family Cleridae is a diverse group occupying different niches and
relying on different food sources. Both adult beetles and larvae are predators and can be found
on flowers or on wood, bones or on carrion (Harde and Severa 2006).

The subfamily Clerinae is the most specious subfamily of the family Cleridae (Gerstmeyer and
Eberle 2011) and a flower-visiting species in Europe is Trichodes apiaries, the bee-eating or bee-
hive beetle. Imagines can be found on flowers, whereas larvae feed on brood of solitary bees
(Bily 1990).

Melyridae (soft-winged flower beetles)

The Melyridea (superfamily Cleroidea, see Bouchard et al. 2011) contain two important sub-
families, the Dasytinae and the Malachiidae. Some authors describe these subfamilies as families
(see Harde and Severa 2006).

According to Harde and Severa (2006), there are 61 species and 14 genera of Malachiidae in
central Europe. The imagines are small, elongate-oval beetles and 1.7 to 7 mm in length, rather
brightly coloured and covered with moderately dense, erect and stiff hairs (El-Torkey et al.
2012). A common representative is Malachius bipustulatus, the malachite beetle. Imagines can
be found from spring to late summer on flowers, where they prey on small insects, e.g. aphids
or small diptera (Bily 1990). Larvae inhabit various habitats (e.g. soil, leaf litter, under bark, in
dead wood, in plant stems), where they are predators of xylophagous insects (El-Torkey et al.
2012).

The second subfamily, the Dasytinae, are described with 34 species belonging to 8 genera in
central Europe. One flower-visiting species is Dasytes plumbeus. Imagines are black or blue-
metallic with erect stiff hairs on and more fine hairs below the elytra. Larvae are predators in
decaying wood, whereas imagines are found on shrubs and flowers (Harde and Severa 2006).
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Curculionidae (true weevils or snout beetles)

Weevils form the superfamily of Curculionoidea (Bouchard et al. 2011), with an estimated
number of 220,000 species worldwide, are herbivorous beetles. They are distributed in nearly
all latitudes and altitudes with vegetation (McKenna et al. 2009). The Curculionidae are an
important family in the superfamily, with appr. 80% of known weevils (McKenna et al. 2009).

In central Europe appr. 1,200 species belonging to 168 genera of true weevils are described
(Harde and Severa 2006). One type of weevils, the Larinus turbinatus-type, lay their eggs into
open flower heads of thistles (Cardueae) and related thistle-like tribes (Zwoélfer and Stadler
2004). L. turbinatus is 4 to 9 mm in body length, the body is robust and oval and clothed with
pathches of grey setae (Hoebeke and Spichiger 2016). This species feed on leaves, stems, buds,
flowers, penduncles and possibly pollen of their host (Hoebeke and Spichiger 2016).

Meloidae (blister beetles)

The Meloidea, commonly known as blister beetles, form a family in the superfamily of
Tenebrionoidea (Bouchard et al. 2011). There are appr. 120 genera and 3,000 species described
worldwide (Bouchard et al. 2017; Sharma and Singh 2018). In central Europe, 12 genera with
appr. 37 species are native (Harde and Severa 2006). The imagines feed on leaves, pollen and
nectar whereas the larvae are parasitic and prey on brood of e.g. the genera Andrena or
Orthoptera (Harde and Severa 2006). A native species in Europe is Lytta vesicatoria, the Spanish
fly. Adults occur from early May until August and feed on leaves of a range of trees and shrubs,
mostly on ash, lilac and privet but also willows, honey suckle, rose and various fruit trees among
others>.

Wilhelmi and Krenn (2012) give an overview of mouthparts and feeding behaviour of the family
Meloidae, concluding that next to some taxa where adults do not feed at all, some subgroups
have mouthparts of the biting-chewing type, others mouthparts modified to take up nectar.

Mordellidae (tumbling flower beetles)

The family Mordellidae (superfamily Tenebrionoidea, see Bouchard et al. 2011) are worldwide
distributed and can be found in a variety of ecosystems. So far, 2,308 Mordellidae species
belonging to 115 genera have been recorded. Many of them act as pollinators, others are
important agricultural and forestry pests (Liu et al. 2018).

Species of this family are usually small and wedge-shaped and covered by silky hairs. Adults are
found on dead or partly dead trees, but many frequent flowers. Larvae live in dead trees
(Liljeblad 1945).

In central Europe, 101 species in 13 genera are described for the Mordellidae, with Mordella
brachyura and Mordellistena brevicauda two common species (Harde and Severa 2006). Another
flower-visiting species is Cteniopus flavus, the sulphour beetle.

5 https://www.ukbeetles.co.uk/lytta-vesicatoria (14.04.2021)
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Oedemeridae (false blister beetles, pollen-feeding beetles)

The false blister beetles are a family in the superfamily Tenebrionoidea (Bouchard et al. 2011).
In central Europe, there are 32 species belonging to 10 genera. Larvae develop in decaying wood
or in dry herb stems. Imagines can be found on flowers, foraging pollen (Harde and Severa
2006). According to Sivilov et al. (2011) and Peris (2017) most (if not all) adults feed on pollen
and nectar of different plant species, while larvae feed on decaying wood. One prominent and
common species in Europe is Oedemera nobilis, commonly known as the false oil beetle or the
thick-legged flower beetle. This species was, next to Brassicogethes aeneus, found with high
dominance (depending on the portion of surrounding arable land) on isolated wildflower
plantings by Grass et al. (2016) in central Germany. Six different species of Oedemeridae could
be found on grassland, visiting flowers, in Germany (Weiner 2016), the most numerous being
Oedemera lurida and O. femorata. Oedemera femorata is one of the most common European
beetle species found on flowers. Imagines are 8 to 10 mm long and they prefer white blossoms
to forage for pollen (Bily 1990).

Erotylidae (pleasing fungus beetles)

The family Erotylidae of the superfamily Cucujoidea (Bouchard et al. 2011) is distributed
worldwide and contains phytophagous, mycophagous and saprophagous species and some other
species that feed on pollen and in dead wood (Leschen and Buckley 2007).

Infraorder Elateriformia
Buprestidae (jewel beetles)

The family Buprestidae is classified by Bouchard et al. (2011) in the superfamily Buprestoidea.
123 species of 25 genera are common in central Europe (Harde and Severa 2006). Larvae of the
family Buprestidae develop mostly in wood or plant stems, whereas imagines can be found on
their host plants and on yellow flowers (Harde and Severa 2006). Weiner (2016) reported two
species (Agrilus biguttatus and Anthaxia quadripunctata) on flowers in grassland in Germany.
Adults of other species feed on needles and twigs of healthy trees (e.g. Melanophila spp. and
Phaenops spp.) or on fungi (some members of the genus Agrilus) (Bright 1987; Bellamy and
Nelson 2002; both cited in O’Neill et al. 2008).

Elateridae (click beetles)

The Elateridae, or click beetles, are a family in the superfamily Elateroidea (Bouchard et al.
2011) and there are appr. 400 genera with 10,000 species worldwide (Bouchard et al. 2017). In
central Europe, appr. 172 species belonging to 52 genera are described (Harde and Severa
2006). They are mostly known as agricultural pests (Bouchard et al. 2017), larvae e.g. feeding
on plant roots (Harde and Severa 2006), others are beneficial predators, e.g. of wood-boring
beetles or defoliators (Bouchard et al. 2017). A species, where the imagines are known to
frequent the flowers of Apiaceae, is Ampedus sanguineus.

Cantharidae (soldier beetles)

The family Cantharidae, commonly known as soldier beetles, are classified by Bouchard et al.
(2011) in the superfamily Elateroidea. In central Europe, 104 species belonging to 9 genera are
native and the imagines can be found in the summer, often in great abundance, on shrubs and
flowers (Harde and Severa 2006). Weiner (2016) collected 7 different species on grassland
flowers, Cantharis fusca, Rhagonycha fulva and R. nigriventris being the most humerous ones.
Adults can be found on foliage and on flowers, where they feed on small insects, nectar and
pollen (Pelletier and Hébert 2014).
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Infraorder Staphyliniformia
Hydrophilidae (water scavenger beetles)

The family Hydrophilidae is part of the superfamily Hydrophiloidea (Bouchard et al. 2011). One
third of the species in this family is known to be secondarily terrestrial (Minoshima et al. 2018).
One example researched by Minoshima et al. (2018) is the genus Rygmodus, where adults are
flower-visiting and pollen-feeding, whereas larvae are aquatic predators.

Staphylinidae (rove beetles)

The rove beetles are part of the superfamily Staphylinoidea (Bouchrad et al. 2011) and are a
diverse group in regard to their feeding behaviour and inhabited microhabitats. Some species
are predators, some fungivores, detrivores or pollen-feeders (e.g. some species of the subfamily
Omaliinae) (Klimaszewski et al. 2013).

3.4.2 Habitat types

Beetles are common in most terrestrial and freshwater habitats (Table 11) and some marine
environments (see Bouchard et al. 2017 and references therein) and became adapted to different
ecosystems, e.g. the families Dytiscidae and Hydrophilidae live for most of their life-cycle in
water (Harde and Severa 2006). Bily (1990) summarizes, that beetles live in all regions except
the polar regions and on ice-covered mountain tops.

Based on the biotope or ecosystem they inhabit, specialised morphological adaptions have
developed, e.g. rowing legs within the water beetles (Bily 1990).

Table 11: Typical habitat types of Coleoptera in different life stages and their function.

Habitat type Life stages h Function

Flowers Adults Food source (pollen, nectar),
nesting, prey hunting

Other plant structures (e.g. Larvae, adults Food source, nesting, shelter,
leaves, stems, twigs) prey hunting
Soil Larvae, adults Nesting, prey hunting, food

source (e.g. on plant roots,
subterrean fungi)

Water Larvae, Adults Food source, water consumption,
nesting, shelter

Other organic matter (e.g. Larvae, Adults Food source
litter, animal carcasses)
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3.4.3 Ecological role

In general, beetles play important roles in ecosystems by their diverse interactions with plants
and other organisms and with dead or decaying biotic materials (McKenna 2018). Many beetles
are beneficial (e.g. nutrient-recyclers, pollinators), others are economically important pests of
crops or stored products (Wielkopolan and Obrepalska-Steplowska 2016).

There are many species where larvae are xylophagous, therefore living in rotten or decaying
wood, whereas the imagines forage on flowers and pollen (anthophagous or palynophagous).
Examples are species from the families Alleculinae, Mordellidae, Oedemeridae, Cerambycidae
and Buprestidae (Bily 1990).

The Coleoptera are a group of insects associated with pollination, including distinct lineages from
broadly generalistic to extremely specialized taxa (Parizotto and Grossi 2019). Kevan and Baker
(1983) state Elateridae, Scarabeidae, Cleridae, Nitidulidae, Chrysomelidae, Staphylinidae,
Meloidae, and Cerambycidae as notable flower visitors in the suborder Polyphaga. According to
the literature review by Rader et al. (2020), of the 105 crops that benefit from pollination 51%
were visited by Coleoptera, e.g. by members of the families Coccinellidae and Nitidulidae.

According to Bernhardt (2000), there are more than 184 angiosperm species subdivided into 85
genera and representing 34 families that are pollinated almost exclusively by beetles.
Representatives from 14 beetle families are associated with these flowers, most of the presented
plant genera are visited partly, or exclusively, by members of the family Scarabaeidae. In
addition, over 98 plant species in 40 genera representing 22 families are pollinated by a
combination of beetles and other animals. While the majority of species are represented by
magnoliids and basal monocotyledons, specialized beetle-pollinated systems have evolved
independently in 14 families of eudicotyledons and six families of petaloid monocots. Also,
Bernhardt (2000) concludes, that beetle-pollinated plant species remain understudied since
many cantharophilic plants are tall forest trees and many pollinating beetles are nocturnal.

For Europe, the results of Grass et al. (2016) highlight the role of beetles as flower visitors. The
authors studied the abundance of flower-visitors on wildflower plantings in Germany. Next to
the prominent flower visitors (e.g. A. mellifera, wild bees and hoverflies) non-prominent flower
visitors could be found on the flowers, of which appr. 15% were Coleoptera. A report of the
German Federal Environment Agency (UBA TEXTE 54/2019 and reference within) summarizes
the results of the biodiversity explanatories. In this project, the flower-visiting community of
three different regions in Germany were examined. The results show that flies were the most
abundant group in species and individual observations. The abundancies of bees and beetles
were comparable in relation to species and individual observations. In contrast to most bee
species, many NBP (e.qg. flies, beetles) are capable of larger flight distances (Rader et al. 2020).

3.4.4 Feeding behaviour

About 35% of the Coleoptera are herbivorous (Schoonhoven et al. 1998, cited in Romeis et al.
2005), both adults and larvae feed on different plant parts (Romeis et al. 2005). Direct nectar-
feeding by beetles seems rare, although flower-visiting species are known to ingest some nectar
(Samuelson et al. 1994, cited in Romeis et al. 2005). As summarizedin Table 12, there are many
species known to feed on pollen and some of them also to contribute to pollination. Based on
this overview, the family Oedemeridae seems to be the only family which solely feeds on pollen,
although the data reviewed here are not extensive.
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Table 12: Feeding behaviour of Coleptera families. Does the family only feed on nectar or pollen?

‘ | Scar | Cocc ‘ Niti | O E ‘ Cera ‘ Chry ‘ Cler ‘ Mely ‘ Curc ‘ Melo ‘ Mord | Ored ‘ Bupr | Elat ‘ (oF-1)14

Al No No® No - No No No No No No No Yes No No No

L| No No - - No No No No No No No No No No -

(A=adults, L=larvae, Scarabaeidae=Scar, Coccinelidae=Cocc, Nitidulidae=Niti, Phalacridae=Phal, Cerambycidae=Cera,
Chrysomelidae=Chry, Cleridaee=Cler, Melyridae=Mely, Curculionidae=Curc, Meloidae=Melo, Mordellidae=Mord,
Oredemeridae=0red, Buprestidae=Bupr, Elateridae=Elat, and Cantharidae=Cant).

6 mostly not, sometimes commitment their diet with pollen
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4. Sensitivity of non-bee pollinators

4.1 Literature review

As it has been described in a scoping paper (ECHA 2020), there is much less data available for
non-bee species in order to have a complete understanding of species sensitivity and comparing
the results to that of the HB.

Some studies have been previously performed with the objective of comparing the sensitivity of
other species to that of the HB. For example, Hardstone and Scott (2010) performed an
extensive literature review to compare the toxicity data for HBs and other insect species.

Sensitivity NBP compared to HBs seems to be dependent on the chemical class of the active
substance studied (Arena & Sgolastra 2014; Hardstone & Scott 2010; Uhl et al. 2019). In these
publications it was found that, for example, for pyrethroids HBs are most sensitive while for
neonicotinoids other bees and insect species are more sensitive than HBs. A more extensive
summary of sensitivity data for different bee species can e.g., be found in EFSA (2012).

Below, we collected available literature data on the sensitivity of Diptera, Lepidoptera, non-bee
Hymenoptera (Symphyta), and Coleoptera to insecticides. The aim was to establish, whether
their sensitivity significantly differs to that of the HB, and thus would need to be considered in
the environmental risk assessment. Theoretically, it could be achieved either by testing
representative non-bee arthropod species or by appropriate assessment factors.

4.1.1 Order Diptera
Databases used were Pubmed, Science Direct, and Researchgate.net.

The search included the following families of Diptera: Muscidae, Nemestrinidae, Stratiomyidae,
Tabanidae, Conopidae, Calliphoridae, Bombyliidae and Syrphidae. Key words and their
combinations used were as follows:

“Muscidae” OR “"Nemestrinidae” OR “Stratiomyidae” OR “Tabanidae” OR “Conopidae” OR
“Calliphoridae OR “"Bombyliidae” OR “Syrphidae OR “Diptera” AND “insecticides” OR
“pesticides” OR “"LD50” OR “EC50” OR ™“toxicity” OR “biocides”.

A total of 12 studies were selected as relevant and further evaluated (see Annex I).

The most commonly used species in laboratory studies is Musca domestica (family Muscidae),
either larvae stages or adults. This species is worldwide common and used regularly for
ecotoxicological analysis. Also, other species from the family Muscidae were used as test species
in the studies, such as Haematobia irritans, Musca automnalis (species which occurs mostly in
stables), but also species from other families like Eristalis tenax (Family Syrphidae). The other
used species of the order Diptera, Culex pipiens (Family Culicidae) and Fannia canicularis (Family
Fanniidae) are not in the scope of the related dipteran families. In many studies approved
biocidal active substances for PT18 and PT19 under the BPR were used as test substances’:

7 https://echa.europa.eu/de/requlations/biocidal-products-regulation/approval-of-active-substances/list-of-approved-

active-substances
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PT18: Cypermethrin, Diflubenzuran, Permethrin, Piperonyl butoxide, Spinosad, Thiamethoxam
PT19: N-Diethyl-Meta-Toluamide (DEET)

However, the studies cannot be considered representative for the assessment of sensitivity
compared to HBs for the following reasons:

Although in most of the studies PT18 substances were used and for those cases, agreed bee
data in the biocide and PPP regime is available, the results for LDso/ECs0/LCs0 are expressed in
units such as pjg/vial, yg/cm?, ppb, mM, mg/m? or mg/kg. Hence, such results cannot be
compared directly to bee data, which are expressed for acute tests as ug test substance/bee.

In the study of Meyer et al. (1990) the LDso (contact, topical application of permethrin) for Fannia
canicularis is expressed in the same unit as for acute bee tox tests: LDso = 0.022 pg/fly.
Furthermore, the same publication gives an LDso = 0.0233 ug/fly for Musca domestica when
exposed to pyrethrins/PBO (mixture 5:1).

However, the duration of the study and further methological aspects (e.g. concentrations used,
details on the statistical analysis) were not stated in the study report. Nevertheless, the value
was used when comparing the acute contact toxicity endpoints for different species exposed to
permethrin (see Table 21).

Sukontason et al. (2005) performed bioassays with Musca domestica (house fly) and Chrysomya
megacephala (blow fly). Both species were tested according to WHO guideline (1980): 1 ul of
the test substances permethrin and deltamethrin were topically applied to anesthetized adult
flies. The 24h-LDso values for the laboratory strain of M. domestica are 0.0049 ug/fly
(permethrin) and 0.158 ug/fly (deltamethrin). For the laboratory strain of C. megacephala the
LDso are 0.0028 pg/fly (permethrin) and 0.0461 ug/fly (deltamethin).

Mostly, Musca domestica was used as test species, which is only one species representing the
order Diptera (family Muscidae). Since the adults of Musca domestica feed also on sugar-
containing fluids, nectar can be a food source. Only for the representative family Calliphoridae
one relevant data point was found. Since in Europe about 45 genera and 575 species
(Oosterbroek 2006) are described, it is highly questionable if the test species Musca domestica
can represent the whole diversity of the Muscid family or even the order Diptera. Due to the
small number of reliable studies, it was decided not to search for comparable toxicity studies
with HBs in the open literature.

Furthermore, most of the studies dealt with resistance and are therefore not comparable with
standard bee toxicity tests.

It can be concluded, that due to the small number of reliable studies available (which were in
fact only two) their relevance to the question of sensitivity for the order Diptera compared to
HBs cannot be answered at present. Further research is needed for studies with different species
of flower-visting dipteran species to gain a better understanding of the issue of sensitivity of
Diptera compared to HBs.
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4.1.2 Order Lepidoptera

Lepidoptera (butterflies and moths) are an important group for which standard test protocols
are missing. For larvae, there are test guidelines that could be adapted for oral and contact
exposure (Lang et al. 2019). Furthermore, an oral toxicity study with lepidopteran larvae
representatives of herbivorous species is recommended by EFSA (2015), and further test
methods that would include effects from chronic exposure and delayed effects in non-target
arthropods in the lower tiers will be developed. This should allow for estimating effects on the
most crucial life history parameters, such as longevity and reproduction rate (UBA-Texte
54/2019).

A literature search was conducted on the chosen Lepidoptera species (see Table 2) to evaluate
if they are more sensitive to biocides than HBs. The keywords and combinations used in the
search were as follows:

“Lepidoptera” OR "“Sphingidae” OR "“Zygaenidae” OR "“Hesperiidae” OR "“Papilionidae” OR
“"Nymphilidae” OR “Pieridae” OR “Lycaenidae” AND "“toxicity” OR “biocides” OR “LD50” OR
“sensitivity”

Overall, 19 publications were found (see Annex II). Based on the literature review, butterflies
and moths can be considered as sensitive species but it is difficult to compare the data to that
of the HB. In the case of butterflies, this is due to the large amount of extremely varying data:
the studies have been done at a variety of species, different life forms, and different exposure
ways (thorax, wings, contact, leaf-dip, etc.), and additionally, the reporting of the results varies:
LDso/LCso can be provided as upg/g, ppm, mg/L; mg/cm? or the toxicity has been reported as
LD1o/LD9o/LC20 etc. For moths, on the other hand, there are not many published studies for their
sensitivity. The overall variability of the data makes a sensitivity analysis on Lepidoptera
extremely difficult with the available resources.

Some of these studies have included a comparison to HB sensitivity. Lepidoptera have been
suggested to be even more sensitive than HBs for certain substances, such as naled and
permethrin (Hoang et al. 2011; Hoang et al. 2015), but the small sample size leaves room for
uncertainty. For example, Hoang et al. (2011) compared the LDso of the butterflies from their
study with HB LDso and concluded that several butterfly species are more sensitive to these
insecticides than HBs. They further stated that HB is not a good representative of insects, as
they have a large surface area per volume ratio (such as butterflies) and which are more likely
to encounter higher exposure concentrations in the field.

Nymphalidae, Lycaenidae, Hesperiidae and Papilionidae are the well studied Lepidoptera
families. However, despite the wide use of insecticides and the acknowledged importance of
Lepidoptera, it has yet been impossible to determine which species is the most sensitive or which
insecticide is the most toxic to the species, because of the small number of published studies,
different methodological approaches, and differently expressed endpoints (Mulé et al. 2017).
Two species that have been investigated in several of the collected studies are Pieris brassicae
and Pieris rapae.
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4.1.3 Order Hymenoptera

Suborder Apocrita

A literature review was conducted to study the sensitivity of the chosen wasp species (see
chapter 5.2.2) and evaluate if they are more sensitive to biocides than HBs. The keywords and
combinations used in the search were as follows:

“Crabronidae” OR “Sphecidae” OR “Chrysididae” OR “"Pompilidae” OR “Tiphiidae” OR “Scoliidae”
OR "“Vespidae” AND "“insecticides” OR “biocides” OR "“pesticides” OR “toxicity” OR “LD50” OR
“sensitivity”

Only two studies were found using these parameters, as not many studies have been done on
wasp sensitivity. There has been some research on comparing wasps to HBs: Fernandes et al.
(2008) consider wasps as “unusually sensitive” as HBs to different insecticides. They compared
the sensitivity of P. sylveirae (Vespidae) and A. mellifera to different insecticides and found both
species to be equally intolerant to dimethoate, fenpropathrin and thiametoxam, but P. sylveirae
was more tolerant to triflumuron and spinosad. Yet, there are not many studies available at
present on the sensitivity of wasp species to insecticides, among them, Stark et al. (1995)
published an LDso of 0.0004 pg/organism.

Based on the research data available at present, it is considered not possible to go on with a
sensitivity analysis to conclude if wasps can be considered more sensitive than the HBs to
biocides. The few studies found by the literature review have been presented in the attached
Annex III (see chapter 5.2.2). There is a need for more research in this area in order to be able
to conclude on the sensitivity of wasps to biocides and other chemicals. For instance, a research
report (UBA-Texte 54/2019) has suggested species such as the predatory wasp Trichogramma
cacoeciae to be tested in addition to HBs. In addition, Aphidius rhopalosiphi and Trichogramma
dendrolimi are considered sensitive indicator species for non-target parasitic wasps.

Suborder Symphyta
Key words and their combinations used were as follows for Symphyta:

“Coleoptera” OR “Scarabaeidae” OR “Coccinellidae” OR “Nitiludidae” OR “Phalacridae” OR
“"Cerambycidae” OR “Chrysomelidae” OR “Cleridae” OR “"Melyridae” OR “"Oedemeridae” OR
“Buprestidae” OR “Elateridae” OR “Cantharidae™ AND “insecticides” OR “pesticides” OR
“LC50” OR “sensitivity” OR “toxicity”

Only one study (Lung 1980) was found providing information about the sensitivity of one
species within this group. However, the study was mostly focused on oral exposure of larval
stages. Therefore, no comparison with HB sensitivity data is possible. Due to the limited
information available and the overwhelming absence of ecotoxicological studies exploring the
sensitivity of sawflies to biocides, it is not possible to draw any conclusion about the sensitivity
of this group. This lack of information requires a greater effort to advance in the knowledge of
this group, thus facilitating the evaluation of its sensitivity to biocides by comparing it with the
HB.
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4.1.4 Order Coleoptera
Key words and combinations used in this search were as follows:

“Coleoptera” OR "“Scarabaeidae” OR "“Coccinellidae” OR “Nitiludidae” OR "“Phalacridae” OR
“Cerambycidae” OR “Chrysomelidae” OR “Cleridae” OR "“Melyridae” OR “Oedemeridae” OR
“Buprestidae” OR “Elateridae” OR “"Cantharidae™ AND “insecticides” OR “pesticides” OR “LC50"
OR "“sensitivity” OR “toxicity”

Based on the information available in the abstract, roughly 65 publications were selected and
more detailed information on the test (e.g. test species, chemicals used, application method)
gathered from the full text. Based on this information, 16 publications were considered useful
for a sensitivity comparison with bee toxicity data (Annex IV) as information on dose-response
are given. The focus is on studies using topical application of a known concentration on
individuals. Effect values were given or recalculated as concentration per individuum. For a direct
comparison with bee effect values the mean bodyweight of the beetles (larvae or adults) was
included in the table, as far as available.

The 16 selected studies cover a range of biocidal active substances (e.g. imidacloprid,
thiamethoxam, acetamiprid, lambda-cyhalothrin, etofenprox, abamectin, permethrin) of
different chemical classes, while exposure of test organisms was either oral or by topical
application. A range of coleopteran species were used, the majority belonging to the family
Coccinellidae.
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4.2 Comparison of sensitivity data

Presentation of data

As described in the previous paragraphs, a comparison of sensitivity data between bee and non-
bee species is only possible for some representatives of the orders Lepidoptera and Coleoptera,
and one dipteran species. Data for bee species were collected from open literature, active
substance assessment reports (ECHA, EFSA) and/or data bases (e.g. PPDB). Only for acute
contact tests by topical application LDsos as pg/organism could be found or recalculated. The
focus of the sensitivity comparison in this document is on this type of exposure to allow
comparison of lethal doses. All in all, 119 datapoints were used for the sensitivity analysis, the
distribution of datapoints for the nine selected active substances is shown in Figure 9.
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Figure 2: Number of reported datapoints used for comparison of sensitivity.

As individual weight has an influence on sensitivity towards insecticides and is therefore
recommended to be reported in addition to the LDso in pg/organism (Uhl et al. 2019), both the
LDso in pg/organism and the weight-normalised LDso are presented in the tables in this chapter.
A mean body weight was used when more than one reference was available.An overview of
endpoints and methological details as well as the references for endpoints and body weight data
can be found in the Annex V.

The following pages present endpoints for different species of FVI and 10 active substances. In
the tables the most sensitive endpoint for each order is highlighted in bold. Additionally, the
most sensitive endpoint for HB is also highlighted in bold, as it is often suggested as a surrogate
species.
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Thiamethoxam

The active substance thiamethoxam, a neonicotinoid insecticide (IRAC sub group 4A8%), was
approved for use in PT18 (Insecticides, acaricides and products to control other arthropods) in
2015°.

The data for acute contact tests with different bee species shows that the solitary bee Osmia
lignaria seems to be more sensitive when exposed to thiamethoxam than Apis mellifera (factor
of 25 for LDso in pg/organism). The endpoints for the most sensitive stingless bee species
(Nannotrigona perilampoides) are a factor of 6 lower compared to the endpoint for HB. The
contact endpoints available for the beetle species Harmonia axyridis are by appr. a factor of 6
higher than the enpoints for HB. As an LDso is only available for one beetle species, a conclusion
on sensitivity for the highly diverse group of NBP cannot be drawn.

Table 13: Comparison of acute toxicity endpoints for different species topically exposed to thiamethoxam

Species tested (o] [=T Test LDso in Weight Reference
(family) duration Hg/organism normalised
(hours) LDso in ug/g
organism
Harmonia Coleoptera 48 0.151 4.03 Youn et al.
axyridis (Coccinellidae) (2003)
(harlequin

ladybird beetle)

Bombus terrestris | Hymenoptera n.a. 0.028 0.13 PPDB (verified
(buff-tailed (Apidae) data used for
bumble bee) regulatory
purposes)
Apis mellifera Hymenoptera | 48 0.024 0.2 Assessment
(honey bee) (Apidae) Report PT 18

(ECHA, 2012);
EFSA Journal

2013
Melipona Hymenoptera 48 0.0091 1.12 Piovesan et al.
quadrifasciata (Apidae) (2020)
(stingless bee)'?
Tetragonisca Hymenoptera 48 0.0055 n.a. Piovesan et al.
fiebrigi (stingless | (Apidae) (2020)

bee)!°

8 https://irac-online.org/modes-of-action/
9 https://echa.europa.eu/information-on-chemicals/biocidal-active-substances
10 eusocial, native to South America
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Trigona Hymenoptera | n.a.'? 0.0051 0.51 Kumar and
iridipennis (Apidae) Regupathy
(dammar bee)?? (2005)13
(cited in the
PPDB)
Nannotrigona Hymenoptera 24 0.004 0.55 Valdovinos-
perilampoides (Apidae) Nufiez et al.
(Mexican pitted (2009)
stingless bee) *
Osmia lignaria Hymenoptera 96 0.0011 0.0097 Peterson et al.
(orchard mason (Megachilidae) (2021)
bee)!®

n.a. information not available

Imidacloprid

The active substance imidacloprid, a neonicotinoid insecticide (IRAC subgroup 4A), was
approved for use in PT18 in 201377,

Table 15 summarizes acute toxicity endpoints for different bee and beetle species and one wasp
species. The most sensitive species when exposed to imidacloprid by contact is Sasajiscymnus
tsugae, a coccinellid beetle. The most sensitive bee species is Apis mellifera ssp. mellifera, which
is by a factor of appr. 10 less sensitive than Sasajiscymnus tsugae, although the exposure time
is different (48h-LDso for Apis mellifera vs. 144h-LDso for Sasajiscymnus tsugae). Weight-
normalised endpoints show, that Osmia lignaria is the most sensitive species when topically
exposed to imdacloprid.

" tropical stingless bee species, eusocial

12 data not available

13 full text not available

14 native to South America

15 native to North America

16 https://irac-online.org/modes-of-action/

7 https://echa.europa.eu/information-on-chemicals/biocidal-active-substances
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Table 14: Comparison of acute toxicity endpoints for different species topically exposed to imidacloprid

Species Reference
tested duration

(hours)

Order (family) | Test LDso in
Hg/organism

Weight
normalised
LDso in pug/g
organism

Osmia
cornifrons
(Japanese
hornfaced
bee)!8

Harmonia
axyridis
(harlequin
ladybird
beetle)

Bombus
terrestris
(buff-tailed
bumble bee)

Apis mellifera
(honey bee)

Apis mellifera
(honey bee)

Apis mellifera
(honey bee)

Coleomegilla
maculate
(twelve-
spotted
ladybird
beetle)

Osmia bicornis
(red mason
bee)

Scaptotrigona
postica
(stingless
bee)!®

Bombus
terrestris
(buff-tailed
bumble bee)

Hymenoptera
(Megachilidae)

Coleoptera
(Coccinellidae)

Hymenoptera
(Apidae)

Hymenoptera

(Apidae)

Hymenoptera
(Apidae)

Hymenoptera
(Apidae)

Coleoptera
(Coccinellidae)

Hymenoptera
(Megachilidae)

Hymenoptera
(Apidae)

Hymenoptera
(Apidae)

18 native to Northern Asia

1

9 native species in Brazil, eusocial

48

48

96

48

48

24

48

48

48

72

3.82

0.36

0.218

0.15

0.081

0.04

0.074

0.03

0.025

0.02

29.16

9.6

0.99

1.25

0.675

0.34

5.21

0.33

0.824

0.09

Biddinger et
al. (2013)

Youn et al.
(2003)

EFSA Journal
(2018)

Biddinger et
al. (2013)

Assessment
Report PT 18
(ECHA, 2015)

Stark et al.
(1995)

Lucas et al.
(2004)

Uhl et al.
(2019)

Soares et al.
(2015)

Marletto et al.
(2003)
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Cryptolaemus
montrouzieri
(mealybug
ladybird)

Martianus
dermestoides
(Chinese
beetle)

Apis mellifera
Sssp. caucasia
(caucasian
honey bee)

Apis mellifera
ssp. mellifera
(honey bee)

Hippodamia
convergens
(convergent
lady beetle)

Hippodamia
convergens
(convergent
lady beetle)

Osmia lignaria
(orchard
mason bee) 2!

Laricobius
nigrinus
(hemlock
woolly
adelgid)

Nannotrigona
perilampoides
(stingless bee)
22

Sasajiscymnus
tsugae
(ladybird
beetle)?3

Megachile
rotundata
(alfalfa
leafcutting
bee)

Coleoptera
(Coccinellidae)

Coleoptera
(Tenebrionidae)

Hymenoptera
(Apidae)

Hymenoptera
(Apidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Coccinelidae)

Hymenoptera
(Megachilidae)

Coleoptera
(Derodontidae)

Hymenoptera
(Apidae)

Coleoptera
(Coccinellidae)

Hymenoptera
(Apidae)

24

142

48

48

72

24

96

144

24

144

0.0173

0.0135

0.0128

0.024

0.006

0.010

0.0028

0.0018

0.0011

0.00071

0.17

2.01

n.a.2°

0.2

0.4

0.68

0.0255

2.4

0.15

1.82

5.79

Khani et al.
(2012)
Guan et al.
(2008)
Suchail et al.
(2000)
Suchail et al.
(2000)
Kaakeh et al.
(1996)
Stark et al.
(1995)

Peterson et al.
(2021)

Eisenback et

al. (2010)

Valdovinos-
Nufez et al.
(2009)

Eisenback et
al. (2010)

PPDB

20 data not available

21 native to North America

22

23 native to Japan

neotropical species
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Megachile Hymenoptera 24 0.04 1.39 Stark et al.
rotundata (Apidae) (1995)
(alfalfa
leafcutting
bee)
Nomia Hymenoptera 24 0.04 0.46 Stark et al.
melanderi (Apidae) (1995)
(alkali bee)
Aphidius ervi Hymenoptera 24 0.0004 0.76 Stark et al.
(braconid (Braconidae) (1995)
wasp)

Acetamiprid

The active substance acetamiprid, a neonicotinoid insecticide (IRAC subgroup 4A?%), was
approved for use in PT18 in 20202,

Acetamiprid is less acute toxic to the tested bee species (see Table 16). The most sensitive
endpoint published by Youn et al. (2003) was found for the coccinellid beetle Harmonia axyridis.
Thus, this species is by a factor of ~100 more sensitive than Osmia bicornis and by a factor of
~470 more sensitive than Apis mellifera. Even when weight-normalising the endpoints, the
harlequin ladybird beetle is by a factor of 40 more sensitive than the most sensitive bee species

(Osmia bicornis) and by a factor of 150 more sensitive than Apis mellifera.

24 https://irac-online.org/modes-of-action/

25 https://echa.europa.eu/information-on-chemicals/biocidal-active-substances
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Table 15: Comparison of acute toxicity endpoints for different species topically exposed to acetamiprid.

Species Order Test LDso in Weight Reference
tested (family) duration pg/organism | normalised
(hours) LDso in pg/g
organism
Bombus Hymenoptera 48 >100 >451.47 PPDB; Sanchez-
terrestris (Apidae) Bayo and Goka
(buff-tailed (2014) (table S2)
bumble bee) (unverified data)
Apis mellifera Hymenoptera 48 64.6 538.33 Biddinger et al.
(honey bee) (Apidae) (2013)
Apis mellifera Hymenoptera 48 9.26 77.17 Assessment
(honey bee) (Apidae) Report PT 18
(ECHA, 2018)
Apis mellifera Hymenoptera 72 8.1 67.5 PPDB (verified
(honey bee) (Apidae) data used for
regulatory
purposes)
Plebeia Hymenoptera 48 6.22 n.a. Padilha et al.
emerina (Apidae) (2020)
(stingless
bee)?®
Osmia Hymenoptera 48 4.0 30.53 Biddinger et al.
cornifrons (Megachilidae) (2013)
(Japanese
hornfaced
bee)?’
Teragonisca Hymenoptera 48 1.42 n.a. Padilha et al.
fiebriegi (Apidae) (2020)
(stingless
bee)?8
Osmia bicornis | Hymenoptera | 48 1.72 18.11 Uhl et al. (2019)
(red mason (Megachilidae)
bee)
Harmonia Coleoptera 48 0.017 0.45 Youn et al.
axyridis (Coccinellidae) (2003)
(harlequin
ladybird
beetle)

26 native to South America
27 native to Eastern Asia
28 eusocial, native to South America
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lambda-Cyhalothrin

The active substance lambda-cyhalothrin, a pyrethroid insecticide (IRAC subgroup 3A?°), was
approved for use in PT18 in 20133°,

For lambda-cyhalothin the most sensitive acute endpoint (contact) is available for Curinus
coeruleus, the metallic-blue lady beetle. Compared to Apis mellifera, this beetle species is appr.
100 times more sensitive when topically exposed. Sensitivity between different beetle species
tested by Rodrigues et al. (2013a and 2013b) show a high diversity between endpoints, in fact
between the most sensitive (LDso = 0.00035 ug/beetle for Curinus coeruleus) and the least
sensitive (LDso = 0.02 pg/beetle for Eriopis connexa) is a factor of 57, if only focusing on the
species tested in Rodrigues et al. (2013a). When weight-normalising the LDsos, the HB endpoint
would be in the same range as the lowest endpoints for Coleoptera species.

Table 16: Comparison of acute toxicity endpoints for different species topically exposed to lambda-
cyhalothrin.

Species tested | Order Test LDso in Weight Reference
(family) duration | pg/orga | normalised
(hours) LDso in

Hg/g )

organism
Osmia Hymenoptera 48 0.91 6.95 Biddinger et al.
cornifrons (Megachilidae) (2013)
(Japanese
hornfaced
bee)3!
Apis mellifera Hymenoptera 48 0.3 2.5 Biddinger et al.
(honey bee) (Apidae) (2013)
Osmia bicornis Hymenoptera 48 0.14 1.45 Uhl et al. (2019)
(red mason (Megachilidae)
bee)
Anoplophora Coleoptera 24 0.136 1.13 Wu and Smith (2015)
glabripennis (Cerambycidae)
(Asian long-

horned beetle)

Bombus Hymenoptera 72 0.11 0.50 Marletto et al. (2003)
terrestris (buff- | (Apidae)
tailed bumble

bee)

Hippodamia Coleoptera 24 0.068 4.55 Rodrigues et al.
convergens (Coccinellidae) (2013a)
(convergent

ladybird beetle)

29 https://irac-online.org/modes-of-action/
30 https://echa.europa.eu/information-on-chemicals/biocidal-active-substances
31 hative to Eastern Asia
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(ashy-gray lady
beetle)3?

Cycloneda
sanguinea
(ladybird
beetle)33

Eriopis connexa
(ladybird
beetle)34

Coleomegilla
maculata
(twelve-spotted
lady beetle)

Eriopis connexa
(ladybird
beetle)3*

Hippodamia
convergens
(convergent
lady beetle)

Brumoides
foudrasi
(ladybird
beetle)

Listronotus
maculicollis
(annual
bluegrass
weevil)3>

Curinus
coeruleus (dark
blue lady
beetle) 36

Apis mellifera Hymenoptera
(honey bee) (Apidae)
Olla v-nigrum Coleoptera

(Coccinellidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Curculionidae)

Coleoptera
(Coccinellidae)

24

24

24

24

24

24

24

24

24

0.038

0.027

0.024

0.02

0.007

0.005

0.005

0.0045

0.00052

0.00035

0.32

n.a.

1.70

2.7

0.50

0.68

0.334

n.a.

n.a.

n.a.>’

Assessment Report
PT 18 (ECHA, 2011)

Rodrigues et al.
(2013a)

Rodrigues et al.
(2013a)

Rodrigues et al.
(2013a)

Rodrigues et al.
(2013a)

Rodrigues et al.
(2013b)

Barbosa et al. (2016)

Rodrigues et al.
(2013a)

Ramoutar et al.
(2009)

Rodrigues et al.
(2013a)

32 native to Central America, North America and Oceania
3 not native to Europe, distributed among Latin America and on the Galapagos Islands

3
3

4 neotropical distribution

35 native to parts of the USA
36 not native to Europe

37 data not available
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Etofenprox

The active substance etofenprox, a pyrethroid insecticide (IRAC subgroup 3A3®), was approved
for use in PT08 in 2010 and in PT18 in 2015%,

Table 17: Comparison of acute toxicity endpoints for different species topically exposed to etofenprox.

Species Test LDso in Weight Reference
tested duration Hg/organism | normalised

(hours) LDso in ug/g

organism

Harmonia Coleoptera 48 0.263 7.01 Youn et al. (2003)
axyridis (Coccinellidae)
(harlequin
ladybird
beetle)
Osmia Hymenoptera | 48 0.18 2.09 Uhl et al. (2019)
bicornis (Megachilidae)
(red mason
bee)
Megachile Hymenoptera 24 0.051 1.738 Piccolomini et al.
rotundata (Megachilidae) (2018)
(alfalfa
leafcutting
bee)
Apis Hymenoptera | n.a.*® >0.038 >0.3167 PPBD (verified data
mellifera (Apidae) used for regulatory
(honey purposes)
bee)
Apis Hymenoptera 72 0.0145 0.12 Assessment Report
mellifera (Apidae) PT 18 (ECHA,
(honey 2013)
bee)

The sensitivity of Megachile rotundata is in the same range with an LDso value by a factor of 5
lower compared to the LDso of Harmonia axyridis, whereas Apis mellifera is by a factor of appr.
18 more sensitive. Based on the weight-normalised LDsos, Apis mellifera seems to be more
sensitive to etofenprox than Osmia bicornis and the ladybird beetle species Harmonia axyridis.

38 https://irac-online.org/modes-of-action/
39 https://echa.europa.eu/information-on-chemicals/biocidal-active-substances
40 data not available
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Abamectin

The active substance abamectin, an avermectin insecticide (IRAC main group 64!), was approved
for use in PT18 in 201342

The most sensitive acute contact LDso was found for Apis mellifera (ECHA, 2011), which is in the
same range as the 48h-LDso for Harmonia axyridis, the convergent lady beetle (Youn et al.
2003). When comparing the weight-normalised LDsos, the HB seems to be most sensitive when
topically exposed to abamectin.

Table 18: Comparison of acute toxicity endpoints for different species topically exposed to abamectin.

Species
tested

Melipona
quadrifasci
ata
(stingless
bee)*3

Apis
mellifera
(honey
bee)

Melipona
quadrifasci
ata
(stingless
bee)*3

Bombus
terrestris
(buff-tailed
bumble
bee)

Cryptolaem
us
montrouzie
ri
(mealybug
ladybird)

Apis
mellifera
(honey
bee)

Hymenoptera
(Apidae)

Hymenoptera
(Apidae)

Hymenoptera
(Apidae)

Hymenoptera
(Apidae)

Coleoptera
(Coccinellidae)

Hymenoptera
(Apidae)

Test
duration

24

24

48

72

24

n.a.

41 https://irac-online.org/modes-of-action/

LDso in
Hg/organism

134.6

7.8

0.24

0.14

0.06673

0.03

Weight
normalised

LDso in pg/g
organism

16,617.28

65

29.63

0.63

7.759

0.25

42 https://echa.europa.eu/information-on-chemicals/biocidal-active-substances

43 ot native to Europe, eusocial

Reference

del Sarto et al.
(2014)

del Sarto et al.
(2014)

Piovesan et al.
(2020)

Marletto et al.
(2003)

Khani et al. (2012)

Sanchez-Bayo and
Goka (2014) (table
S2)
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Tetragonisc
a fiebrigi
(stingless
bee)*3

Harmonia
axyridis
(harlequin
ladybird)

Osmia
lignaria
(orchard
mason
bee)*®

Apis
mellifera
(honey
bee)

Hymenoptera
(Apidae)

Coleoptera
(Coccinellidae)

Hymenoptera
(Megachilidae)

Hymenoptera
(Apidae)

48

48

96

24

0.008

0.005

0.0036

0.0022

n.a.44

0.877

0.030

0.018

Piovesan et al.
(2020)

Youn et al. (2003)

Peterson et al.
(2021)

Assessment Report

PT 18 (ECHA,
2011)

n.a. information not available

Chlorfenapyr

The active substance chlorfenapyr, a pyrrole insecticide (IRAC main group 134°), was approved
for use in PTO8 in 2015 (initial application for approval PT18 still in progress)®’.

The endpoints available for Apis mellifera are in the same range as the LDso for Harmonia

axyridis.

44 |nformation not available
45 native to North America

46 https://irac-online.org/modes-of-action/

47 https://echa.europa.eu/information-on-chemicals/biocidal-active-substances
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Table 19: Comparison of acute toxicity endpoints for different species topically exposed to chlorfenapyr.

Species
tested

Apis
mellifera
(honey bee)

Bombus
terrestris
(buff-tailed
bumble bee)

Trigona
spinipes
(spiny-
legged
stingless
bee)

Coccinella
transversogu
ttata (n.a.)

Coleomegilla
maculata
spp. lengi
(three-
banded lady
beetle)

Hippodamia
convergens
(convergent
lady beetle)

Hippodamia
glacialis
(glacial lady
beetle)

Hippodamia
parenthesis
(parenthesis
lady beetle)

Hippodamia
tredecimpun
ctata tibialis
(thirteenspot
ted lady
beetle)

Order (family)

Hymenoptera
(Apidae)

Hymenoptera
(Apidae)

Hymenoptera
(Apidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Coccinellidae)

Coleoptera
(Coccinellidae)

Test
duration
(hours)

24

24

24

24

24

24

LD50 in

Hg/organis

m

0.023

0.119

0.07

0.029

0.0007

0.0005

0.0165

0.00075

0.0008

Weight Reference

normalised

LDso in

Hg/g

organism

0.192 PPDB

0.537 PPDB

5.0 PPDB

0.84 Coats et al.
1979

0.048 Coats et al.
1979

0.042 Coats et al.
1979

0.75 Coats et al.
1979

0.092 Coats et al.
1979

0.072 Coats et al.
1979
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Diabrotica Coleoptera 24 0.0012 0.17 Coats et al.
longicornis (Chrysomelidae) 1979
(northern
corn
rootworm)

Oulema Coleoptera 24 0.002 0.28 Coats et al.
melanopus (Chrysomelidae) 1979
(cereal leaf
beetle)

Adalia Coleoptera 24 0.00003 0.0026 Coats et al.
bipunctata (Coccinellidae) 1979
(two-spotted
ladybird
beetle)

Cypermethrin

The active substance cypermethrin, a pyrethroid insecticide (IRAC sub group 3A)* was
approved for use in PT 08 in 2015 and in PT 18 in 2020%.

The most sensitive acute contact endpoint is an LDso of 0.00003 pg/organism for Adalia
bipunctata (Coats et al. 1979). In comparison, the endpoint for Apis mellifera, extracted from
the PPDB, is an LDso of 0.023 pg/organism. For cypermethrin, the most sensitive tested
coccinellid beetle species is by a factor of appr. 750 more sensitive than HB.

Table 20: Comparison of acute toxicity endpoints for different species topically exposed to cypermethrin.

Species Order Test LDso in Weight Reference
tested (family) duration Hg/organis | normalised
(hours) m LDsp in
Ha/g
organism

Apis Hymenoptera 96 0.33 2.75 Assessment
mellifera (Apidae) Report PT 08
(honey bee) (ECHA,

2012)
Harmonia Coleoptera 48 0.21 5.6 Youn et al.
axyridis (Coccinellidae) (2003)
(harlequin
ladybird
beetle)
Apis Hymenoptera n.a.*8 0.15 1.25 Sanchez-
mellifera (Apidae) Bayo and
(honey bee) Goka (2014)

(table S2)
Apis Hymenoptera n.a. 0.12 1.0 PPBD (U.S.
mellifera (Apidae) EPA ECOTOX
(honey bee) unverified)

48 |nformation not available
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Deltamethrin

The active substance deltamethrin, a pyrethroid insecticide (IRAC sub group 3A) %, was
approved for use in PT 18 in 2013%°.

The most sensitive endpoints for deltamethrin are an LDso of 0.0015 pg/organism for Apis
mellifera (PPDB) and a LDso of 0.0016 pg/organism for Megachile rotundata, another bee
species (Piccolomini et al. 2018). No test results with colleopteran species were available but
two endpoints for dipteran species (Sukontason et al. 2005), beeing by a factor of appr. 30
times (blow fly) and 70 times (house fly) less sensible than HB.

Table 21: Comparison of acute toxicity endpoints for different species topically exposed to deltamethrin.

Species Test LDso in Weight Reference
tested duration Hg/organis | normalised
(hours) m LDso in
Ha/g
organism

Apis Hymenoptera n.a. - 24 0.0015 - 0.0125 - 935 | PPDB;
mellifera (Apidae) 112.2 Thompson
(honey bee) 2001; del

Sarto et al.

2014
Bombus Hymenoptera 72 0.79 n.a. Reid et al.
terrestris (Apidae) 2020
ssp. audax
(buff-tailed
bumblebee)
Bombus Hymenoptera n.a. >0.2 >0.9 PPDB
terrestris (Apidae)
(buff-tailed
bumblebee)
Megachile Hymenoptera n.a. - 24 0.0016 - 0.0545 - PPDB; Tassei
rotundata (Apidae) 0.556 18.91 et al. 1988;
(alfalfa Piccolomini
leafcutting et al. 2018
bee)
Osmia Hymenoptera n.a. 0.057 0.61 PPDB
bicornis (red | (Apidae)
mason bee)
Melipona Hymenoptera 24 129.2 15,950.62 del Sarto et
quadrifasciat | (Apidae) al. 2014
a (stingless
bee)
Musca Diptera 24 0.1058 n.a. Sukontason
domestica (Muscidae) et al. 2005
(house fly)
Chrysomya Diptera 24 0.0461 n.a. Sukontason
megacephala | (Calliphoridae) et al. 2005
(blow fly)
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Bombus Hymenoptera 72 0.79 n.a Reid et al.
terrestris (Apidae) 2020
ssp. audax
(buff-tailed
bumblebee)
Bombus Hymenoptera n.a. >0.2 >0.9 PPDB
terrestris (Apidae)
(buff-tailed
bumblebee)
Megachile Hymenoptera n.a. - 24 0.0016 - 0.0545 - PPDB; Tassei
rotundata (Apidae) 0.556 18.91 et al. 1988;
(alfalfa Piccolomini
leafcutting et al. 2018
bee)
Osmia Hymenoptera n.a. 0.057 0.61 PPDB
bicornis (red | (Apidae)
mason bee)
Melipona Hymenoptera 24 129.2 15,950.62 del Sarto et
quadrifasciat | (Apidae) al. 2014
a (stingless
bee)
Musca Diptera 24 0.1058 n.a. Sukontason
domestica (Muscidae) et al. 2005
(house fly)
Chrysomya Diptera 24 0.0461 n.a Sukontason
megacephala | (Calliphoridae) et al. 2005
(blow fly)

Permethrin

The active substance permethrin, a pyrethroid insecticide (IRAC sub group 3A), was approved
for use in PTO8 and PT18 in 2016.

For the active substance permethrin, acute contact endpoints after topical application are
available for different bee species and species of the orders Lepidoptera and Coleoptera as well
as a dipteran species. Based on these endpoints, all tested representatives are sensitive to
permethrin, with coleopteran species being the most sensitive ones. When comparing the
weight-normalised LD50s, the coleopteran species Adalia bipunctata and the Lepidoptera
Heliconius charitonius are the most sensitive, but the endpoints are in the same range as for HB.
Lethal doses for ten different coleopteran species are presented, ranging from an 24h-LD50 of
0.12 pg/organism for Hippodamia convergens to a 24h-LD50 of 0.0016 pg/organism for Oulema

melanopus, the latter one by a factor of 75 more sensitive than Hippodamia convergens.
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Table 22: Comparison of acute toxicity endpoints for different species topically exposed to permethrin.

Species tested

Vanessa cardui
(painted lady)

Bombus terricola
(yellow-banded bumble
bee)

Bombus terrestris
(buff-tailed bumblebee)

Junomia coenia
(common buckeye)®?

Trigona spinipes
(spiny-legged stingless
bee)>*

Eumaeus atala (Atala)>?

Eumaeus atala (Atala)®?

Melipona beecheii
(stingless bee)®!

Anartia jatrophae
(white peacock)>?

Megachile rotundata
(alfalfa leafcutting bee)

Coccinella
transversoguttata

Osmia lignaria
(orchard mason bee)°?

Order
(family)

Lepidoptera
(Nymphalidae)

Hymenoptera
(Apidae)

Hymenoptera
(Apidae)

Lepidoptera
(Nymphalidae)

Hymenoptera
(Apidae)

Lepidoptera
(Lycaenidae)

Lepidoptera

(Lycaenidae)

Hymenoptera
(Apidae)

Lepidoptera
(Nymphalidae)

Hymenoptera
(Megachilidae)

Coleoptera
(Coccinellidae)

Hymenoptera
(Megachilidae)

49 topical application on thorax

50 topical application on forewings

5" not native to Europe, eusocial
52 native to North America

Test
duration
(hours)

24

48

n.a.

24

24

24

24

24

24

24

24

96

LDso in
Hg/organism

0.244°
(1.765)

0.217

>0.22

0.12%

(0.7259)

0.0724

0.20%°
(0.07°9)

0.00042

0.066

0.06%°
(0.265°)

0.057

0.048

0.031

Weight
normalised
LDso in pg/g
organism

1.134
(8.26%%)

1.42

>0.99

1.13%
(6.79%9)

5.17

1.71% (0.6%)

0.0036

1.16

0.625%
(2.7159%)

1.94

1.4

0.279

Reference

Hoang et
al. (2011)

Helson et
al. (1994)

PPDB

Hoang et
al. (2011)

Macieira
and
Hebling-
Beraldo
(1989)

Hoang et
al. (2011)

Salvato
(2001)

Valdovinos-
Nufez et
al. (2009)

Hoang et
al. (2011)

Piccolomini
et al.
(2018)

Coats et al.
(1979)

Peterson et
al. (2021)
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53 Information not available
54 not native to Europe, eusocial

% neotropical distribution
5

6 native to Eastern North America
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Heliconius charitonius Lepidoptera 24 0.03%° 0.23°0 Hoang et
(zebra longwing)*?2 (Nymphalidae) al. (2011)
Hippodamia glacialis Coleoptera 24 0.0264 1.2 Coats et al.
(glacial lady beetle)>? (Coccinellidae) (1979)
Apis mellifera Hymenoptera 48 0.021 0.173 Helson et
(honey bee) (Apidae) al. (1994)
Apis mellifera Hymenoptera 48 0.0235 0.196 AR
(honey bee) (Apidae) Permethrin
PT 18
(ECHA,
2014);
DEFRA
Report
(2008)
Fannia canicularis Diptera n.a. 0.022 n.a.>s Meyer et
(lesser house fly) (Fanniidae) al. (1990)
Trigona nigra Hymenoptera 24 0.021 2.12 Valdovinos-
(fruit-scarring bee)5* (Apidae) Nufiez et
al. (2009)
Megachile rotundata Hymenoptera 48 0.0176 0.616 Helson et
(alfalfa leaf-cutting (Apidae) al. (1994);
bee) DEFRA
Report
(2008)
Megachile rotundata Hymenoptera n.a. 0.0157 0.535 PPDB
(alfalfa leaf-cutting (Apidae)
bee)
Hippodamia convergens | Coleoptera 24 0.012 0.8 Coats et al.
(convergent lady (Coccinellidae) (1979)
beetle)>?
Nannotrigona Hymenoptera 24 0.01 1.37 Valdovinos-
perilampoides (Apidae) Nufez et
(stingless bee)®>® al. (2009)
Hippodamia Coleoptera 24 0.01 0.87 Coats et al.
tredecimpunctata (Coccinellidae) (1979)
tibialis (thirteenspotted
lady beetle)
Andrena erythronii Hymenoptera 48 0.0084 0.152 Helson et
(trout lily miner bee)*® | (Andrenidae) al. (1994
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Coccinella trifasciata Coleoptera 24 0.0048 0.37 Coats et al.
(three-banded lady (Coccinellidae) (1979)
beetle)
Adalia bipunctata (two- | Coleoptera 24 0.0011 0.10 Coats et al.
spotted ladybird beetle) | (Coccinellidae) (1979)
Hippodamia parenthesis | Coleoptera 24 0.0033 0.40 Coats et al.
(parenthesis lady (Coccinellidae) (1979)
beetle)>?
Coleomegilla maculata Coleoptera 24 0.0021 0.14 Coats et al.
spp. lengi (spotted lady | (Coccinellidae) (1979)
beetle)>?
Diabrotica longicornis Coleoptera 24 0.0017 0.24 Coats et al.
(northern corn (Chrysomelida (1979)
rootworm) e)
Oulema melanopus Coleoptera 24 0.0016 0.22 Coats et al.
(cereal leaf beetle) (Chrysomelida (1979)
e)
Heliconius charitonius Lepidoptera 24 0.000053 0.0004 Salvato et
(zebra longwing)>2 (Nymphalidae) al. (2001)
Musca domestica Diptera 24 0.0049 / Sukontaso
(house fly) n et al.
(2005)
Chrysomya Diptera 24 0.0028 / Sukontaso
megacephala (blow fly) n et al.
(2005)

Data analysis

Overall, a data set of 143 datapoints on contact toxicity in adult arthropod pollinators has been
gathered across 9 active substances. This data set consists of 83 datapoints for bee and 61
datapoints for NBP. Out of the 83 bee datapoints, 29 correspond to Apis mellifera and 13 to BBs
species, while the remaining 41 datapoints are spread unevenly across 15 different species of
solitary bees. After the Hymenoptera order, the Coleoptera order is the second best represented
with a total of 49 datapoints and at least one datapoint for each substance. Data for Lepidoptera
and Diptera orders is mostly missing, as combined they account for 11 datapoints overall. In
fact, no data on Lepidoptera and Diptera orders has been found for any of the active substances
under study except for permethrin.

The distribution of data is uneven across the 9 active substances considered, except for Apis
mellifera, which was tested for all substances. With 30 and 25 non-honeybee datapoints each,
permethrin and imidacloprid are the two most represented substances, while etofenprox and
chlorfenapyr account only for 4 and 1 non-honey bee datapoints, respectively. The distribution
of non-bee data points is also variable, as permethrin, cypermethrin, lambda-cyhalothrin and
imidacloprid account for, in similar amounts, most of the non-bee datapoints, whereas the other
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substances account for 0 to 2 datapoints each.

Given the heterogeneous distribution of the dataset across substances and within orders of
arthropod pollinators, Species Sensitivity Distribution (SSD) approaches were deemed to be of
very limited applicability and therefore unsuitable for a data analysis concerning sensitivity of
NBP. However, the gathered data can still provide some key insights on NBP species sensitivity,
even though there is a need for caution not to over-generalise conclusions.

NBP species datapoints are found which are up to 3 orders of magnitude lower (e.g., Coleoptera
in lambda-cyhalothrin endpoints) than those for HB species, proving that for some substances
some NBP species are indeed more sensitive than HB (Figure 10). This figure also illustrates the
differences of acute (topical) contact sensitivity based on the endpoints presented in chapter 5.
The LD50 (in pg/organism for topical exposure) of different bee and non-bee species are
compared to honey bee endpoint(s).
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Figure 10: Distribution of sensitivity endpoints (LD50 in pg/organism) for HB non-bee FVI topically
exposed to biocidal active substances.

For abamectin and etofenprox the HB endpoint could cover NBP, as based on the data presented
here the LDso for HB is the most sensitive available endpoint. For other a.s., like permethrin and
lambda-cyhalothrin, HB is not the most sensitive species and other bee and non-bee species
seems to be more sensitive when topically exposed to the a.s. For these cases, the use of HB
sensitivity as a surrogate in the pollinator risk assessment would not be a worst case estimate
when considering all non-bee pollinators and appropriate assessment factors could be justified.
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Given the fact that HBs might be used as a surrogate species for bees, a question that becomes
relevant is whether NBP species are found to be more sensitive than bee species. A subset of
the data is considered here, which includes bee and coleoptera datapoints for the substances
where the existing coverage was deemed acceptable for both groups of species (i.e.,
imidacloprid, permethrin and lambda-cyhalothrin). Focusing on this subset, it can be asserted
that bees and coleoptera show similar sensitivity for imidacloprid, whereas Coleoptera show
higher sensitivity for permethrin and lambda-cyhalothrin. Differences of more than one order of
magnitude were considered relevant. Noticeably, permethrin and lambda-cyhalothrin belong to
a group of substances, the pyrethrins, which have a mode of action different to that of
imidacloprid. While the gathered dataset might well be insufficient to draw any conclusions in
this regard, it does provide some indication that it will be relevant to incorporate considerations
to the mode of action in future research on NBP sensitivity.

No comparison on sensitivity is presented between bees and non-bee orders other than
coleoptera, or at a bee/non-bee level of aggregation, due to the already discussed challenges
with the distribution of the dataset.

Finally, it is worth noting the range of four orders of magnitude between the three contact LDso
datapoints reported for abamectin endpoints on adult HBs. While the uncertainties associated
with effect testing have not been discussed, this example might well illustrate the difficulties
involved in the data analysis when different sources of non-standard experiments are
considered.

Conclusion on sensitivity comparison

A non-exhaustive literature review, using e.g. online databases, was done (for details see
chapter 5.1). References were chosen if a) the toxicity was given as LCso or LDso and b) the test
substance was administered topically on test organisms (e.g., to abdomen and/or forewings).
The latter was done, as the focus on acute contact endpoints based on topical application allows
comparison of LDso as pg/organism, whereas studies using orally administered test substance
not always result in endpoints per organisms, as the amount of ingested test substance per
organisms is not recorded for most studies.

The data base presented above is scarce for NBP, especially for Diptera and non-bee
Hymenoptera. Species that are vulnerable based on their ecological traits are not always the
species available for toxicity tests. Relevant publications of toxicity endpoints are rare or could
not be found in the scope of this research or did not fit the criteria as stated above. Relevant
endpoints from open literature, data bases or studies used for regulatory purposes were collected
and summarized in the attached Annex, in section 4.2 and tables Table 14 to Table 21 above.
Although all presented LDsos were derived for acute contact exposure by topical application of
test substances, some parameters differ, mainly test duration and type of test substance (active
substance or formulation).

For Coleoptera, a comparison of acute contact toxicity endpoints (as pg/organism) was done for
different active substances (Table 14 to 20). Based on the available data, some coleopteran
species seem to be more sensitive than Apis mellifera for certain active substances (e.g.,
imidacloprid, acetamiprid). The same could be assumed for other groups of NBP, as the LDsos
for different Lepidoptera species exposed to permethrin (Table 21) point to the same direction.
For Diptera, only one LDso for the lesser house fly (Fannia canicularis) exposed to permethrin is
shown here, published in Meyer et al. (1990).
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Although the limited data set and the lack of statistical analysis on toxicity endpoints, the
impression is that some non-bee species seem to be more sensitive to certain active substances
when topically exposed. For permethrin, an active substance approved for use in PTO8 and PT18,
LDsos are available for 23 different species from four orders (Hymenoptera, Coleoptera, Diptera
and Lepidoptera). This allows some preliminary conclusions, but toxicity data are not available
for most of the test organisms exposed to other biocidal active substances.

Both, the lethal doses in pg/organism and the weight-normalised LDso (ng/g body weight) are
given, as individual body weight and size is known to have an influence on sensitivity of
organisms.

Based on the available data presented above, the sensitivity of NBP can be comparable or even
higher to the sensitivity of BP for some substances. It remains to clarify which life stage of NBP
could be more sensitive, and therefore which are the most relevant route of exposure. For
example, some publication found in open literature, suggest that larvae could be even more
sensitive than adults (e.g., for beetles), so more information should be gained for this topic.

4.3 Data gaps and recommendations for future research

NBP are a highly diverse group of organisms with different ecological traits. As already described
in section 4.2, it is still not possible to conclude on sensitivity differences between bee and non-
bee species, as information is scarce for all relevant families/species. In this context, it would
be highly valuable to have more laboratory studies for acute contact/oral toxicity that compare
sensitivity between NBP and HB along similar parameters. Moreover, further studies are needed
to find out which is the most relevant route of exposure of NBP and at which life stage they are
most exposed to chemicals in environmental conditions to be able to make reliable comparisons
and extract the necessary conclusions to develop risk assessment methodologies that cover
these organisms.

Nevertheless, based on the data collected for dipteran, lepidopteran, and coleopteran, species
and presented in chapter 5.2, it seems that some non-bee species are highly sensitive when
exposed to biocidal active substances and may not be covered by a risk assessment targeted on
bees only. As this could be assumed also for other NBP groups (e.g., hon-bee Hymenoptera),
NBP should not be ignored when aiming for the protection of pollinators.

In general, a conclusive evaluation of species sensitivity is needed before we can select suitable
test species for NBPs. However, some matters need to be highlighted that are important to
consider when in the future when information is available and relevant test species can be
selected. Romeis et al. (2013) suggest that “surrogate” species should be selected that most
closely meet following the three criteria:

() Potential sensitivity: species should be the most likely to be sensitive to the active
compound based on the known spectrum of activity of the active ingredient, its mode
of action, and the phylogenetic relatedness of the test and target species.

(i) Relevance: species should be representative of valued taxa or functional groups that
are most likely to be exposed to the arthropod-active compound in the field;

(iii)  Availability and reliability: suitable life-stages of the test species must be
obtainable in sufficient quantity and quality, and validated test protocols must be
available that allow consistent detection of adverse effects on ecologically relevant
parameters.
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In addition, the following criteria should be considered when deciding on a suitable test species
as it should:

e be representative of a range of ecosystems

e be easy to maintain and raise in the laboratory (avoidance of wild captures if rearing not
possible)

e medium in size to ensure easy handling and less space required for experimental set
ups

e be docile enough to develop standardized testing in laboratory, semi-field and field
conditions, or there should be a possibility to conduct computer modelling on the
species

e have well described biology (feeding habits, reproduction, basic behaviour) as this is
critical to be able to interpret results

e learn to respond to a stimulus in the laboratory, and the response is meaningful for risk
assessment purposes.

Furthermore, Wallis de Vries et al. (2017) mention that “a widespread European occurrence in
field margins, rapid development and rearing experience render three butterfly species suitable
as potential candidates for lab and field experiments in future risk assessments: Queen of
Spain Fritillary (Issoria lathonia), Wall Brown (Lasiommata megera) and Swallowtail (Papilio
machaon).”

In conclusion, all the above criteria should be thoroughly considered when in the future
deciding on a suitable test species for assessing the risk to non-bee arthropod pollinators from
the use of biocides.



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

70

5. Conclusion

In conclusion, with regards to the role of pollination, there is limited information on the extent
other species than bees, contribute to pollination. However, when considering the flower visiting
frequency, it can be assumed that also NBP significantly contribute to pollination.

The NBP can get exposed to biocidal products during application (e.g., spray mist), by contact
to residues (e.g., on plant parts or soil) and/or by uptake of contaminated food (residues in
nectar and pollen). Therefore, a possibility of exposure risk can be assumed and NBP should be
considered in the risk assessment for biocidal products when developing further guidance.

Although the data base is relatively scarce, NBP show variability in response when exposed to
several active substances, and in some cases, they have shown to be as sensitive or even more
sensitive than HB.

According to the data collected regarding the sensitivity of these organisms (chapter 5.1),
endpoints were only considered relevant if they were given as acute LC/LDso. A comparison with
toxicity data published for bee species was done mainly for Diptera, Lepidoptera, and Coleoptera.
The work carried out shows that accurate information on the sensitivity per certain substances
is difficult to obtain, as the data base is too small and there are methodological differences in
the test designs.

Previous studies (Hoang et al., 2011, 2015; Fernandes et al., 2008; Meyer et al., 1990)
compared the LDso (ug/organism for topical exposure) of bee and non-bee species for different
biocides. In these studies, for some compounds (i.e abamectin and etofenprox) the HB endpoint
seemed to cover NBP, showing that the HB LDso is the most sensitive available endpoint.
However, for other substances (i.e permethrin and lambda-cyhalothrin), HB does not seem to
be the most sensitive species and other bee and non-bee species seemed to be more sensitive
when topically exposed to the active substance. These findings indicate that although the data
base is relatively scarce, there are indications that for some active substances NBP seem to be
more sensitive than HBs. In these cases, it seems that the only reference to the sensitivity
observed for HB may not ensure, per se, for a comprehensive protection of pollination services
in the environment.

Considering the sensitivity of NBP and the ecological traits, would be appropriate for protective
strategies for biocidal products in the future. Traditionally, the coverage of risk assessment over
multiple species and taxa has been based on testing surrogate species and the application of
uncertainty factors to account for inter-specific variability. The results of this review will be taken
into account in the further development of guidance for the risk assessment of arthropods
pollinators including bees. With this regards it is clear that the risk assessment approach will
have to deal with the limited knowledge of the sensitivity variability of NBP, which species and
for which substances / mode of action they appear to be more sensitive, in which life stage and
what is the relevant exposure pathways. In order to accomplish this, further research would be
needed. Furthermore, should testing of other arthropods species than bees be considered, the
identification of suitable species would need to respond to multiple criteria, like biological
relevance, testing feasibility and standardisation, that would also require further development
and analysis.

Due to the high heterogeneity of NBP, further researcher is needed to fill the current data gaps
on their ecological traits, their role on pollination and their sensitivity when exposed to biocides.
A shift in perspective from a “bee-only focus” to “flower-visiting insect” may be needed to ensure
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the protection of pollinator biodiversity as well as to better address the whole economic value of
pollination. These studies should also consider the services provided by other types of insects,
such as flies, wasps, beetles, and butterflies — important pollinators that are currently
overlooked.



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

72

6. References

Aguado Martin, L. O., Vifiuela Sandoval, E., & Fereres Castiel, A. (2017). Guia de campo de los
polinizadores de Espafa. Mundi-Prensa.

Aguiar, A. P., Deans, A. R., Engel, M. S., Forshage, M., Huber, J. T., Jennings, J. T., Johnson, N.
F., Lelej, A. S., Longino, J. T., Lohrmann, V., Miké, 1., Ohl, M., Rasmussen, C., Taeger, A., & Yu,
D. S. K. (2013). Order hymenoptera. Zootaxa, 3703(1), 51-62.

Akkuzu, E., Ayberk, H., & Inac, S. (2007). Hawk moths (Lepidoptera: Sphingidae) of Turkey and
their zoogeographical distribution. Journal of environmental biology, 28(4), 723.

Alford, D. (2012). Pests of Ornamental Trees, Shrubs and Flowers. In Pests of Ornamental Trees,
Shrubs and Flowers.

Altermatt, F. and Pearse, 1., S. (2011). Similarity and Specialization of the Larval versus Adult
Diet of European Butterflies and Moths. The American Naturalist, 178(3), 372-382.

Arena M. and Sgolastra F. (2014) “A meta-analysis comparing the sensitivity of bees to
pesticides.”; Ecotoxicology 23: 324-334

Arnold A. and Jenztsch M. (2016): Dickkopffliegen (Diptera: Conopidae), in book: Pflanzen und
Tiere Sachsen-Anhalts, ein Kompendium der Biodiversitat, chapter Dickkopffliegen (Diptera:
Conopidae), publisher: Natur und Text Rangsdorf, editors: Frank D and Schnitter P.

Bacci, L. Picanco, M. C., Barros, E. C., Rosado, J. F., Silva, G. A., Silva, V. F. and Silva, N. R.
2009. Physiological selectivity of insecticides to wasps (Hymenoptera: Vespidae) preying on the
Diamondback Moth. Sociobiology 55 (1): 151-167.

Barbosa P.R.R., Michaud J].P., Rodrigues A.R.S. and Torres J].B. (2016) “Dual resistance to
lambda-cyhalothrin and dicrotophos in Hippodamia convergens (Coleoptera: Coccinellidae).”;
Chemosphere 159: 1-9

Baz A., Cifridan B., Diaz-dranda L.M. and Vega D.M. (2007): The distribution of adult blow-flies
(Diptera: Calliphoridae) along an altitudinal gradient in Central Spain, Annales de la Société
Entomologique de France, 43 (3): 289-296

Barrat, B. I. (2003). Aspects of reproductive biology and behaviour of scoliid wasps.

Bernardi, N. (1973): The genera of the family Nemestrinidae (Diptera: Brachycera). Arquivos de
Zoologia, 24 : 211-318

Bernhardt P. (2000), ,Convergent evolution and adaptive radiation of beetle-pollinated
angiosperms.”; Plant Syst. Evol. 222: 293-320

Bienkowski A.O. (2010) ,Feeding Behavior of Leaf Beetles (Coleoptera, Chrysomelidae).”;
Entomological Review 90 (1): 1-10.

Bily, S. (1990), ,Kéafer"; Verlag Artia, Praha

Boggs, C., Birgitt. D. (2004). Resource Specialization in Puddling Lepidoptera. Environmental
Entomology. 33. 1020-1024.

Bogush, P. (2007). Vespoidea: Tiphiidae (trnénkoviti). SUPPLEMENTUM 11, 85.

Bouchard, P., Bousquet, Y., Davies, A.E., Alonso-Zarzaga M.A., Lawrence J.F., Lyal C.H.C.,



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

73

Newton, A.F., Reid C.A.M., Schmitt, M., Slipinski, A. and Smith, A.B.T. (2011), ,,Family-group
names in Coleoptera (Insecta)"; ZooKeys 88: 1-972

Bouchard, P., Smith, A.B.T., Douglas, H., Gimmel, M.L., Brunke, A.]J. and Kanda, K. (2017),
“Biodiversity of Coleoptera”; Insect Biodiversity: Science and Society, Volume I, Second Edition.
Edited by Robert G. Foottit and Peter H. Adler. © 2017 John Wiley & Sons Ltd. Published 2017
by John Wiley & Sons Ltd.

Braak, B., Neve, R., Jones, A. K., Gibbs, M. and Breuker, C. J. (2018). The effects of insecticides
on butterflies - a review. Environmentlal Pollution 242 A: 507-518.

Brothers, D. J. and Finnamore, A. T. (1993) Hymenoptera of the World: An identification guide
to families. Agriculture Canada, Canada.

Budak, M., Mahir Korkmaz, E., & Basibuyuk, H. H. (2011). A molecular phylogeny of the cephinae
(Hymenoptera, Cephidae) based on mtDNA COI gene: A test of traditional classification.
ZooKeys, 130, 363-378.

Cengiz, F. C., Efetov, K. A., Kaya, K., Kucherenko, E. E., Okyar, Z., & Tarmann, G. M. (2018).
Zygaenidae (Lepidoptera) of Thrace Region of Turkey. Nota lepidopterologica, 41, 23.

Cetkovic A., Radovic, I. and Dorovic, L. (2004) “Further evidence of the Asian mud-daubing
wasps in Europe (Hymenoptera: Sphecidae).”; Entomological Science 7 (3): 225-229.

Chinery M. (2012): Pareys Buch der Insekten: tiber 2000 Insekten Europas, Kosmos Verlag

Cilgi, T. and Jepson, P. C. 1995. The risks posed by deltamethrin drift to hedgerow butterflies.
Environmental Pollution 87 (1): 1-9

Clement, S.L., B.C. Hellier, L.R. Elberson, R.T. Staska, and M.A. Evans (2007): Flies (Diptera:
Muscidae: Calliphoridae) are efficient pollinators of Allium ampeloprasum L. (Alliaceae) in field
cages, Journal of Economic Entomology 100: 131-135

Collins, N. Mark; Morris, Michael G. (1985). Threatened Swallowtail Butterflies of the World: The
IUCN Red Data Book. Gland & Cambridge: IUCN. ISBN 978-2-88032-603-6 - via Biodiversity
Heritage Library.

Courtney G. W. and R. W. Merritt (2009): Diptera (non-biting flies), Encyclopedia of Inland
Waters. Vol 2. Elsevier Limited, Oxford, UK. 288-298

Courtney G.W, Pape T., Skevington J.H and Sinclair H. (2017): Biodiversity of Diptera. In Insect
Biodiversity: Science and Society Vol.1, Authors: Footit R.G and Adler P.H.

Courtney, S. P. (1986) The Ecology of Pierid Butterflies: Dynamics and Interactions. Advances
in Ecological Research Vol.15:51-131

d'Assis-Fonseca, E.C.M. (1968): Diptera Cyclorrapha Calyptrata: Muscidae. Handbooks for the
Identification of British Insects. 10. Royal Entomological Society of London, London.

D’Avila V.A.D., Aguiar-Menezes E.L., Gongalves-Esteves V., Mendonga C.B.F., Pereira R.N. and
Santos T.M. (2016), “Morphological characterization of pollens from three Apiaceae species and
their ingestion by twelve-spotted lady beetle (Coleoptera: Coccinellidae).”; Braz. J. Biol., vol.
76, no. 3, pp. 796-803

Defra report (2008): Are pesticide risk assessments for honey bees protective of other
pollinators?



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

74

(PS2337http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&C
ompleted=0&ProjectID=15390)

Del Sarto M.C., Oliviera E.E., Guedes R.C.C. and Campos L.A.O. (2014) "Differential insecticide
susceptibility of the Neotropical stingless bee Melipona quadrifasciata and the honey bee Apis
mellifera.”; Apidologie 45: 626-636

Ebert G, ed. 1994. Die Schmetterlinge Baden-Wirttembergs, Bd.3, Nachtfalter 1: Allgemeiner
Teil: Benutzerhinweise, Beobachtungsmethoden bei Nachtfaltern, Aspekte zur
Nahrungskonkurrenz unter Nachtfaltern, Ergebnisse. Spezieller Teil: Hepialidae, Cossidae,
Zygaenidae, Limacodidae, Psychidae, Thyrididae, Vol 3—Die Schmetterlinge Baden-
Wiirttembergs. Ulmer Verlag, Stuttgart, Germany.

Eisenback B.M., Salom S.M., Kok L.T. and Lagalante A.F. (2010) “Lethal and Sublethal Effects
of Imidacloprid on Hemlock Woolly Adelgid (Hemiptera: Adelgidae) and Two Introduced Predator
Species.”; J. Econ. Entomol. 103 (4): 1222-1234

European Food Safety Authority (EFSA) (2012) “Scientific Opinion on the science behind the
development of a risk assessment of Plant Protection Products on bees (Apis mellifera, Bombus
spp. and solitary bees)” EFSA Journal 10(5): 2668

European Food Safety Authority (EFSA) (2013) “Guidance on the risk assessment of plant
protection products on bees (Apis mellifera, Bombus spp. and solitary bees).” EFSA Journal 11
(7): 3295

European Food Safety Authority (EFSA) (2015) “Scientific Opinion addressing the state of the
science on risk assessment of plant protection products for non-target arthropods.” EFSA Panel
on Plant Protection Products and their Residues (PPR). EFSA Journal 13(2): 3996

European Food Safety Authority (EFSA) (2015) “Conclusion on the peer review of the pesticide
risk assessment for bees for the active substance thiamethoxam considering all uses other than
seed treatments and granule.”; EFSA Journal 13(8): 4212

European Food Safety Authority (EFSA) (2015) “Conclusion on the peer review of the pesticide
risk assessment for bees for the active substance imidacloprid considering all uses other than
seed treatments and granule.”; EFSA Journal 13(8): 4211

European Food Safety Authority (EFSA) (2018) “Peer review of the pesticide risk assessment for
bees for the active substance imidacloprid considering the uses as seed treatments and
granules.”; EFSA Journal 16(2): 5178

El-Torkey, A.M., Oshaibah A.D.A., Salem M.M.H., Hossni M.T. and El-Zouk A.A. (2012), “Soft
Winged Flower Beetles (Coleoptera: Malachiidae) in Egypt.”; Boletin de la Sociedad Entomoldgica
Aragonesa (S.E.A.), n% 50: 285-294.

Elvers I. (1980): Pollen eating Thricops flies (Diptera, Muscidae) on Arrhenatherum pubescens
and some other grasses. Botaniska Notiser 133:49-52.

Evans HE, Shimizu A. 1996. The evolution of the nest building and communal nesting in
Ageniellini (Insecta: Hymenoptera: Pompilidae). Journal of Natural History 30:
1633-1648.

Evenhuis, N. L., & Greathead, D. J. (2015). World Catalog of Bee Flies (Diptera: Bombyliidae).
Revised edition. September, 644.


http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&ProjectID=15390
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&ProjectID=15390

European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

75

Fernandes F., Diniz J].F.S., Silva P.R. and Mosca E. (2013) “Damage of Agrotis ipsilon
(Lepidoptera: Noctuidae) on Coffea arabica in Brazil.” Revista Colombiana de Entomologia 39
(1): 49-50

Ferrar P. (1987): A guide to the breeding habits and immature stages of Diptera Cyclorrhapha.
Entomonograph 8: 1-907

Finnish Environment Institute (2013) Cuckoo wasps of Finland: fauna, population trends and
conservation. Research Programme PUTTE 2009-2016. Published online:
https://www.ymparisto.fi/enUS/Nature/Species/Threatened species/Research Programme PU
TTE 20092016/PUTTE Projects/More information on PUTTE projects/Cuckoo wasps of Finla
nd fauna population(16686) Read 15/01/2021

Fligel H.S (1999): Phanologie und Blitenbesuch bei Dickkopffliegen (Diptera: Conopidae),
Phillipia 9:2, 95- 101

Franzén, M., and Ranius, T. (2004). Habitat associations and occupancy patterns of burnet moths
(Zygaenidae) in semi-natural pastures in Sweden. Entomologica Fennica, 15(2), 91-101.

Frouz J. (1999): Use of soil dwelling Diptera (Insecta, Diptera) as bioindicators: A review of
ecological requirements and response to disturbance. Agric Ecosyst Environ 74:167-186.

Gerstmeier R. and Eberle J. (2011), ,Definition and Revision of the Orthrius-group of genera
(Coleoptera, Cleridae, Clerinae).”; ZooKeys 92: 35-60

Ghaderipour, Z., Khayrandish, M., Massoud Madjdzadeh, S., Ebrahimi, E. and Schmid-Egger, C.
(2021) Digger wasps (Hymenoptera: Spheciformes: Crabronidae) of Kerman province,
Southeastern Iran. Journal of Insect Biodiversity and Systematics 7;2:109-126.

Ghahari H., Gadallah N. and Wahis R. (2014) “An Annotated catalogue of the Iranian Pompilidae
(Hymenoptera: Vespoidea).”; Entomologie Faunistique - Faunistic Entomology 67: 121-142

Gimmel, M.L. (2013), ,Genus-level revision of the family Phalacridae (Coleoptera: Cucujoidea).”;
Zootaxa 3605 (1): 001-147

Giraldo, M. A. and Stavenga, D. G. (2008) Wing coloration and pigment gradients in scales of
pierid butterflies. Arthropod Structure & Development Vol 37;2: 118-128

Goulet, H., & Hubert, J. T. (Eds.). (1993). Hymenoptera of the World: An Identification Guide to
Families. Canadian Government Publishing.

Grass 1., Albrecht J., Jauker, F., Diekdtter T., Warzecha D., Wolters V. and Farwig N. (2016),
~Much more than bees—Wildflower plantings support highly diverse flower-visitor communities
from complex to structurally simple agricultural landscapes.”; Agriculture, Ecosystems and
Environment 225: 45-53

Greece (2017): Assessment Report Piperonyl Butoxide (insecticides, acaricides and
products to control other arthropods), January 2017.

Grissel, E. E. (2007) Scoliid Wasps of Florida, Campsomeris, Scolia and Trielis spp. (Insecta:
Hymenoptera: Scoliidae). EDIS 2007(19).

Hahn, M. and Brihl, C. A. (2016) The secret pollinators: an overview of moth pollination with a
focus on Europe and North America. Arthropod-Plant Interactions (2016) 10:21-28.

Han, W., Ren, C., Yan, H., Zhang, S., Shen, F., & Gao, X. (2012). Sublethal effects of
metaflumizone on abamectin-resistant and susceptible strains of the diamondback moth, Plutella


https://www.ymparisto.fi/enUS/Nature/Species/Threatened_species/Research_Programme_PUTTE_20092016/PUTTE_Projects/More_information_on_PUTTE_projects/Cuckoo_wasps_of_Finland_fauna_population(16686)
https://www.ymparisto.fi/enUS/Nature/Species/Threatened_species/Research_Programme_PUTTE_20092016/PUTTE_Projects/More_information_on_PUTTE_projects/Cuckoo_wasps_of_Finland_fauna_population(16686)
https://www.ymparisto.fi/enUS/Nature/Species/Threatened_species/Research_Programme_PUTTE_20092016/PUTTE_Projects/More_information_on_PUTTE_projects/Cuckoo_wasps_of_Finland_fauna_population(16686)

European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

76

xylostella (Lepidoptera: Plutellidae). Acta Entomologica Sinica, 55(6), 694-702.

Hardstone, M. C. and Scott, J. G. (2010) Is Apis mellifera more sensitive to insecticides than
other insects? Pest Managing Sci 66:1171-1180.

Harde, K.W. and Severa F. (2006), “"Der Kosmos Kaferflihrer — Die Kafer Mitteleuropas"; Kosmos
Verlag Stuttgart.

Helson B.V., Barber K.N. and Kingsbury P.D. (1994), “Laboratory Toxicology of Six Forestry
Insecticides to Four Species of Bee (Hymenoptera: Apoidea).” Arch. Environ. Contain. Toxicol.
27: 107-114.

Heppner, J. B. (2008). Swallowtail butterflies (Lepidoptera: Papilionidae). Encyclopedia of
Entomology. Springer, 3635.

Hill, D. S. (1987). Agricultural insect pests of temperate regions and their control. Agricultural
Insect Pests of Temperate Regions and Their Control.

Hoang, T. C., Pror, R. L., Rand, G. M. and Frakes, R. A. 2011. Use of butterflies as nontarget
insect test species and the acute toxicity and hazard of mosquito control insecticides.
Environmental Toxicology and Chemistry 30 (4): 997-1005.

Hoang, T. C. and Rand, G. M. 2015. Mosquito control insecticides: A probabilistic ecological risk
assessment on drift exposures of naled, dichlorvos (naled metabolite) and permethrin to adult
butterflies. Science of the total environment 502 (1): 252-265.

Hoebeke E.R. and Spichiger S.E. (2016), ,Larinus turbinatus Gyllenhal (Coleoptera:
Curculionidae: Lixinae), a Eurasian Weevil New to North America with a Summary of Other
Adventive Larinus in North America and a Key to Species."; PROC. ENTOMOL. SOC. WASH.
118(2), 261-272.

Hunt, J.H. and Toth, A.L. (2017) "“Sociality in wasps”. In: Comparative Social Evolution.
Rubenstein, D.R. and Abbot, P., Editors. Cambridge University Press.

Hoévemeyer K. (2000): 1.11. Ecology of Diptera. p. 437-489. In L. Papp and B. Darvas (eds).
Contributions to a Manual of Palaearctic Diptera. Vol 1, General and Applied Dipterology. Science
Herald, Budapest, Hungary.

Inouye D.W., larson B.M.H, Ssymank A. and Kevan P. (2015): Flies and Flowers III: Ecology of
foraging and pollination, Journal of Pollination Ecology, 16(16): 115-133.

Jervis, M., & Vilhelmsen, L. (2000). Mouthpart evolution in adults of the basal, “symphytan”,
hymenopteran lineages. Biological Journal of the Linnean Society, 70(1), 121-146.

Jirgens A, Wee SL, Shuttleworth A, Johnson SD (2013): Chemical mimicry of insect oviposition
sites: a global analysis of convergence in angiosperms, Ecol Lett 16:1157-1167, doi: https
://doi.org/10.1111/ele.12152.

Kastinger C., Weber A. (2001): Bee-flies (Bombylius spp., Bombyliidae, Diptera) and the
pollination of flowers. Flora 196, 3-25.

Keasar, T., Harari, A.R., Sabatinelli G., Keith D., Dafni A., Shavit O., Zylbertal A. and Shmida A.
(2010), "Red anemone guild flowers as focal places for mating and feeding by Levant glaphyrid
beetles”; Biological Journal of the Linnean Society, 2010, 99, 808-817.

Kevan P.G. and Baker H.G. (1983), “Insects as Flower Visitors and Pollinators.”; Ann. Rev.
Entomol 28:407-53.



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

77

Khan M.M., Nawaz M., Hua H., Cai W. and Zhao J. (2018) “Lethal and sublethal effects of
emamectin benzoate on the rove beetle, Paederus fuscipes, a non-target predator of rice brown
planthopper, Nilaparvata lugens.”; Ecotoxicology and Environmental Safety 165: 19-24.

Kitching, I. J. (2002). The phylogenetic relationships of Morgan's Sphinx, Xanthopan morganii
(Walker), the tribe Acherontiini, and allied long-tongued hawkmoths (Lepidoptera: Sphingidae,
Sphinginae). Zoological journal of the Linnean Society, 135(4), 471-527.

Klimaszewski J., Morency M.-]., Labrie P., Séguin A., Langor D., Work T., Bourdon C., Thiffault
E., Paré D., Newton A.F. and Thayer M.K. "Molecular and microscopic analysis of the gut contents
of abundant rove beetle species (Coleoptera, Staphylinidae) in the boreal balsam fir forest of
Quebec, Canada; ZooKeys 353: 1-24.

Koch K, Freude H. 1992. Die Ké&fer Mitteleuropas: Okologie, Vol 3. Goecke & Evers, Keltern,
Germany.

Krikken, J. (1984), “A new key to the suprageneric taxa in the beetle family Cetoniidae, with
annotated lists of the genera”; Zoologische Verhandelingen (210).

Kristensen N.P., Scoble M. J. and Karsholt O. (2007) ,Lepidoptera phylogeny and systematics:
the state of inventorying moth and butterfly diversity”; Zootaxa 1668: 699-747.

Lang, A., Lee, M., Dolek, M., Berchtold, J., & Otto, M. (2019). Laboratory tests with Lepidoptera
to assess non-target effects of Bt maize pollen: analysis of current studies and recommendations
for a standardised design. Environmental Sciences Europe, 31(1), 39.

Lawrence, J.F. and Newton, A.F. (1982), “Evolution and classification of beetles.”; Ann. Rev.
EcolL Syst 1982. 13:261-90.

Larson B. M. H., Kevan P. G. and Inouye D.W. (2001): Flies and flowers: I. The taxonomic
diversity of anthophiles and pollinators. Canadian Entomologist 133 (4): 439-465.

Laurino D., Manino A., Patetta A. and Porporato M. (2013) “Toxicity of neonicotinoid insecticides
on different honey bee genotypes.”; Bulletin of Insectology 66 (1): 119-126.

Lawrence J.F. and Newton A.F. (1982) “Evolution and classification of beetles.”; Ann. Rev. EcoL
Syst. 13: 261-90.

Lee M.H., Lee S., Leschen R.A.B. and Lee S. (2020) ,Evolution of feeding habits of sap beetles
(Coleoptera: Nitidulidae) and placement of Calonecrinae."; Systematic Entomology 45 (4): 911-
923.

Leschen R.A.B and Buckley T.R. (2007) , Multistate Characters and Diet Shifts: Evolution of
Erotylidae (Coleoptera).”; Syst. Biol. 56 (1): 97-112.

Liljeblad, E. (1945), "Monograph of the Family Mordellidae (Coleoptera) of North America, North
of Mexico.”; Miscellaneous Publications Museum of Zoology, University of Michigan, No. 62.

Liu Y., Erwin T.L. and Yang, X. (2018), “"Mordellidae (Coleoptera) Research: A Review Based on
the Zoological Record from 1864 through 2013.”; Insects 2018, 9, 113.

Lung, G. (1980), “Investigations on the effect of diflubenzuron (Dimilin) on the larvae of Athalia
rosae L.” Zeitschrift fur Pflanzenkrankheiten und Pflanzenschutz Vol.87 No.1 pp.13-26.

Macieira 0.]. and Hebling-Beraldo M.J.A. (1989) “Laboratory Toxicity of Insecticides to Workers
of Trigona spinipes (F., 1793) (Hymenoptera, Apidae).”; Journal of Apicultural Research Volume
28 (1): 3-6 (Abstract only).



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

78

Mach, B.M. and Potter D.A. (2018) “Quantifying bee assemblages and attractiveness of flowering
woody landscape plants for urban pollinator conservation.”; PLoS ONE 13(12): e0208428.

Maia, A.C.D., Grimm, C., Schubert M., Etl F., Gongalves E.G., Do Amaral Ferraz Navarro D.M.,
Schulz, S. and Détterl, S. (2018), “"Novel Floral Scent Compounds from Night-Blooming Araceae
Pollinated by Cyclocephaline Scarabs (Melolonthidae, Cyclocephalini)”; Journal of Chemical
Ecology 45:204-213.

Magoga, G., Sahin D.C., Fontaneto D. and Montagna M (2018), “Barcoding of Chrysomelidae of
Euro-Mediterranean area: efficiency and problematic species.”; Scientific Reports 8:13398.

Majka C.G., Gimmel, M.L. and Langor D. (2008), , The Phalacridae (Coleoptera, Cucujoidea) of
Canada: new records, distribution, and bionomics with a particular focus on the Atlantic Canadian
fauna.”; ZooKeys 2: 209-220.

Malm, T., & Nyman, T. (2015). Phylogeny of the symphytan grade of Hymenoptera: new pieces
into the old jigsaw(fly) puzzle. Cladistics, 31(1), 1-17.

Marletto F., Patetta A. and Manino A. (2003) “Laboratory assessment of pesticide toxicity to
bumblebees.”; Bulletin of Insectology 56 (1): 155-158.

Martynova, K. V. and Fateryga, A. V. (2015) Chrysidid Wasps (Hymenoptera, Chrysididae)—
Parasites of Eumenine Wasps (Hymenoptera, Vespidae: Eumeninae) in Crimea. Entomological
Review 95;4: 472-485.

McKenna, D.D., Sequeira A.S., Marvaldi, A.E. and Farrell B.D. (2009), “Temporal lags and
overlap in the diversification of weevils and flowering plants.”; PNAS vol. 106, no. 17: 7083-
7088.

McKenna, D.D. (2018), “Beetle genomes in the 21st century: prospects, progress and
priorities.”; Current Opinion in Insect Science, 25:76-82.

Meyer J.A., Georghiou G.P., Bradlyey F.A. and Tran H. (1990): Filth Fly Resistance to Pyrethrins
Associated with Automated Spray Equipment in Poultry Houses. Poultry Science 69 (5).

Michener, C.D. (2007): The bees of the world. 2. ed. Johns Hopkins Univ. Press, Baltimore.

Minoshima Y.N., Seidel M., Wood J].R., Leschen R.A.B., Gunter N.L. and Fikacek (2018)
“Morphology and biology of the flower-visiting water scavenger beetle genus Rygmodus
(Coleoptera: Hydrophilidae).”; Entomological Science 21: 363-384.

Moon R.D (2002): MUSCID FLIES (Muscidae), Medical and Veterinary Ecology, 2002, doi:
https://doi.org/10.1016/B978-0-12-510451-7.X5000-2.

Moore, M.R., Cave, R.D. and Branham, M.A. (2018), “Synopsis of the cyclocephaline scarab
beetles (Coleoptera, Scarabaeidae, Dynastinae).”; ZooKeys 745: 1-99 (2018).

Mulé R., Sabella G., Robba L. and Manachini B. “Systematic Review of the Effects of Chemical
Insecticides on Four Common Butterfly Families.”; Front. Environ. Sci. 5: 32.

Miller A., Diener S., Schnyder S., Stutz K., Sedivy C. and Dorn S. (2006) ,Quantitative pollen
requirements of solitary bees: Implications for bee conservation and the evolution of bee-flower
relationships."™; Biological Conservation 130: 604-615.

Narchuk E.P. (2006): Nemestrinid Flies (Diptera, Nemestrinidae) in the Fauna of Eastern Europe
and the Caucasus, Entomological Review 87, No. 8, 1327 - 1335.


https://doi.org/10.1016/B978-0-12-510451-7.X5000-2

European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

79

New, T. R. (2012). Hymenoptera and Conservation. In Hymenoptera and Conservation.

Norris, M., J., (1936). THE FEEDING-HABITS OF THE ADULT LEPIDOPTERA HETERONEURA.
Transactions of the Royal Entomological Society of London, 85: 61-90.

O'Hara J.E. (203): History of tachinid classification (Diptera, Tachinidae). Zoo Keys 316: 1-34.
Oliver, J. B., Reding, M. E., Moyseenko, J. J., Klein, M. G., Mannion, C. M., & Bishop, B. (2006).
Survival of adult Tiphia vernalis (Hymenoptera: Tiphiidae) after insecticide, fungicide, and
herbicide exposure in laboratory bioassays. Journal of economic entomology, 99(2), 288-294.

Olszewski, P., Wisniowski, B., Bogusch, P., Pawlikowski, T., & Krzyzynski, M. (2016).
Distributional history and present status of the species of the family Scoliidae (Hymenoptera) in
Poland and the Czech Republic. Acta Zoologica Bulgarica, 68(1), 43-54.

O’Neill K.M., Fultz J.E. and Ivie M.A. (2008); “Distribution of adult Cerambycidae and Buprestidae
(Coleoptera) in a subalpine forest under shelterwood management.”; The Coleopterists Bulletin
62 (1): 27-36.

Oosterbroek P. (2006): The European Families of Diptera, Brill Academic Pub

Orford K. and Memmott J. (2015): The forgotten flies: the importance of non-syrphid Diptera as
pollinators. Proceedings of the Royal Society B: Biological Sciences 282 (1805).

Ortloff A., Zanetti N., Centeno N., Silva R., Bustamante F. and Olave A. (2014),
“Ultramorphological characteristics of mature larvae of Nitidula carnaria (Schaller 1783)
(Coleoptera: Nitidulidae), a beetle species of forensic importance.”; Forensic Science
International 239 (2014) el1-e9.

Ollerton J. 2017. Pollinator diversity: Distribution, ecological function, and conservation. Annual
Rev Ecol Evol System 48:353-376.

Padilha A.C., Piovesan B., Morais M.C., Pazini J. de B., Zotti M.]., Botton M., Gritzmacher A.D.
(2020), “Toxicity of insecticides on Neotropical stingless bees Plebeia emerina (Friese) and
Tetragonisca fiebrigi (Schwarz) (Hymenoptera: Apidae: Meliponini).; Ecotoxicology 29: 119-128.

Pape T., Thompson F.C. Systema Dipterorum (version 2.0, Jan 2011). In: oskov Y,, Ower G,,
Orrell T,, Nicolson D,, Bailly N and Kirk P.M., et al., editors. Species 2000 & ITIS Catalogue of
Life, 2019 Annual Checklist. Leiden: Naturalis; 2019.

Pape, T., Beuk, P., Pont, A. C., Shatalkin, A. I., Ozerov, A. L., Woznica, A. J., Merz, B.,
Bystrowski, C., Raper, C., Bergstréom, C., Kehlmaier, C., Clements, D. K., Greathead, D.,
Kameneva, E. P., Nartshuk, E., Petersen, F. T., Weber, G., Bachli, G., Geller-Grimm, F., ... de
Jong, Y. (2015). Fauna Europaea: Diptera - Brachycera. Biodiversity Data Journal, 3(1).

Parizotto D.R. and Grossi P.C. (2019), “Revisiting pollinating Cyclocephala scarab beetles
(Coleoptera: Melolonthidae: Dynastinae) associated with the soursop (Annona muricata,
Annonaceae).”; Neotrop Entomol 48:415-421.

Paukkunen J., Péyry J. and Kuussaari M. (2018) “Species traits explain long-term population
trends of Finnish cuckoo wasps (Hymenoptera: Chrysididae).”; Insect Conservation and Diversity
11: 58-71.

Pauli T., Castillo-Cajas R.F., Rosa P., Kukowka S., ..., Niehuis O. (2018) “Phylogenetic analysis
of cuckoo wasps (Hymenoptera: Chrysididae) reveals a partially artificial classification at the
genus level and a species-rich clade of bee parasitoids.”; Systematic Entomology 44 (2): 322-
335.



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

80

Pelletier G. and Hébert C. (2014) “The Cantharidae of Eastern Canada and Northeastern United
States.”; Canadian Journal of Arthropod Identification 25.

Penninsi, E. (2010) The little wasp that could. Science 327;5963: 260-262.

Peris D. (2017) “Early Cretaceous origin of pollen-feeding beetles (Insecta: Coleoptera:
Oedemeridae).”; Cladistics 33: 268-278.

Peris-Felipo F.J., Falcé-Gari, J.V. and Jiménez-Peydro6 R. (2011), “The diversity of Cerambycidae
in the protected Mediterranean landscape of the Natural Park of Carrascal de La Font Roja,
Spain.”; Bulletin of Insectology 64 (1): 87-92.

Pesticide Properties DataBase (February 2021); Lewis, K.A., Tzilivakis, J., Warner, D. and Green,
A. (2016) An international database for pesticide risk assessments and management. Human
and Ecological Risk Assessment: An International Journal, 22(4), 1050-1064.

Peterson E.M., Green F.B. and Smith P.N. (2021) “Toxic responses of blue orchard mason bees
(Osmia lignaria) following contact exposure to neonicotinoids, macrocyclic lactones, and
pyrethroids.”; Ecotoxicology and Environmental Safety 208.

Piccolomini A.M., Whiten S.R., Flenniken M.L., O'Neill K.M. and Peterson R.K.D (2018) “Acute
Toxicity of Permethrin, Deltamethrin, and Etofenprox to the Alfalfa Leafcutting Bee.”; Journal of
Economic Entomology 111 (3): 1001-1005.

Piovesan B., Padilha A.C., Morais M.C., Botton M., Gritzmacher A.D. and Zotti M.]J. (2020)
“Effects of insecticides used in strawberries on stingless bees Melipona quadrifasciata and
Tetragonisca fiebrigi (Hymenoptera: Apidae).”; Environmental Science and Pollution Research
27: 42472-42480.

Pitts, J. P., Wasbauer, M. S., & Von Dohlen, C. D. (2006). Preliminary morphological analysis of
relationships between the spider wasp subfamilies (Hymenoptera: Pompilidae): revisiting an old
problem. Zoologica Scripta, 35(1), 63-84.

Plata-Rueda A., Martinez L.C., Costa N.C.R., Zanuncio J.C., de Sena Fernandes M.E., Serrao J.E.,
Guedes R.N.C. and Fernandes F.L. (2019) “Chlorantraniliprole-mediated effects on survival,
walking abilities, and respiration in the coffee berry borer, Hypothenemus hampei.”;
Ecotoxicology and Environmental Safety 172: 53-58.

Quicke, D. L. J. (2009). Hymenoptera: Ants, Bees, Wasps. Encyclopedia of Insects, 473-484.

Quinlyn, B., Looney, C., Smith, D. R., Schiff, N. M., Goulet, H., & Redford, A. J. (2019). Sawfly
GenUS. USDA APHIS PPQ Identification Technology Program.

Rader, R., Bartomeus I., Garibaldi L.A., Garratt M.P., Howlett B.G., Winfree R., Cunningham
S.A., Mayfield M.M., Arthur A.D., Andersson G.K., Bommarco R., Brittain C, Carvalheiro L.G.,
Chacoff N.P., Entling M.H., Foully B., Freitas B.M., Gemmill-Herren B., Ghazoul J., Griffin S.R.,
Gross C.L., Herbertsson L., Herzog F., Hipdlito J., Jaggar S., Jauker F., Klein A.M., Kleijn D.,
Krishnan S., Lemos C.Q., Lindstrém S.A., Mandelik Y., Monteiro V.M., Nelson W., Nilsson L.,
Pattemore D.E., Pereira Nde O., Pisanty G., Potts S.G., Reemer M., Rundléf M.., Sheffield C.S.,
Scheper J., Schiepp C., Smith H.G., Stanley D.A., Stout J.C., Szentgydrgyi H., Taki H.,
Vergara C.H., Viana B.F., Woyciechowski M. (2016). Non-bee insects are important
contributors to global crop pollination. Proceedings of the National Academy of Sciences of the
United States of America, 113(1), 146-151.

Rader, R., Cunningham S.A., Howlett B.G. and Inouye D.W. (2020), "Non-Bee Insects as Visitors
and Pollinators of Crops: Biology, Ecology and Management.”; Annu. Rev. Entomol. 65: 391-
407.



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

81

Raguso R.A (2020): Applied Entomology and Zoology 55 (1): 1-7.

Ramoutar D., Alm S.R. and Cowles R.S. (2009) Pyrethroid Resistance in Populations of
Listronotus maculicollis (Coleoptera: Curculionidae) From Southern New England Golf
Courses. J. Econ. Entomol. 102 (1): 388-392

Rasplus, J. Y., Villemant, C., Paiva, M. R., Delvare, G. and Roques, A. (2010) Hymenoptera.
Chapter 12. In: Roques A et al. (Eds) Arthropod invasions in Europe. BioRisk 4(2): 669-776.

Richter M.R. (2000) “Social Wasp (Hymenoptera: Vespidae) F
oraging Behavior”; Annual Review of Entomology 45: 121-150.

Ritcher, P.O (1958), “"Biology of Scarabaeidae”; Annu. Rev. Entomol. 3:311-334.

Rodrigues A.R.S., Spindola A.F., Torres ].B., Siqueira H.A.A. and Colares F. (2013) “"Response
of different populations of seven lady beetle species to lambda-cyhalothrin with record of
resistance.”; Ecotoxicology and Environmental Safety 96: 53-60.

Rodrigues A.R.S., Torres J.B., Siqueira H.A.A. and Lacerda D.P.A. (2013) “Inheritance of
lambda-cyhalothrin resistance in the predator lady beetle Eriopis connexa (Germar)
(Coleoptera: Coccinellidae).”; Biological Control 64: 217-224.

Romeis J., Raybould A., Bigler F., Candolfi M. P., Hellmich R. L., Huesing J. E., Shelton A. M.
(2013) “Deriving criteria to select arthropod species for laboratory tests to assess the
ecological risks from cultivating arthropod-resistant genetically engineered crops.”,
Chemosphere, Volume 90, Issue 3, Pages 901-909, ISSN 0045-6535.

Romeis J., Stadler E. and Wackers F.L. (2005) ,Nectar- and pollen-feeding by adult
herbivorous insects."; Plant-Provided Food for Carnivorous Insects, ed. F. L. Wackers, P. C. J.
van Rijn, and J. Bruin. Published by Cambridge University Press. Cambridge University Press
2005.

Rothery G.E and Gilbert F. (2011): The Natural History of Hoverflies (book review), Antenna
Chiswell Green 35:3, 140-143.

Sanchez-Bayo F. and Goka K. (2014) “Pesticide Residues and Bees — A Risk Assessment.”; PLoS
One 9: €94482.

Scoble M.]. (1995): The Lepidoptera. Form, Function and Diversity. Oxford University, New York,
NY, USA.

Scoble M., J., 1992. the Lepidoptera: Form, Function, and Diversity
Natural History Museum publications.

Schmid-Egger, C., Straka, J., Ljubomirov, T., Blaegov, G. A., Moriniere, J. and Schmidt, S.
(2018) DNA barcodes identify 99 per cent of apoid wasp species (Hymenoptera: Ampulicidae,
Crabronidae, Sphecidae) from the Western Palearctic. Mol Ecol Resour. 2019;19: 476-484.

Schmidt, S., Taeger, A., Moriniére, J., Liston, A., Blank, S. M., Kramp, K., Kraus, M., Schmidt,
0., Heibo, E., Prous, M., Nyman, T., Malm, T., & Stahlhut, J. (2017). Identification of sawflies
and horntails (Hymenoptera, ‘Symphyta’) through DNA barcodes: successes and caveats.
Molecular Ecology Resources, 17(4), 670-685.

Seljasen, R., & Meadow, R. (2006). Effects of neem on oviposition and egg and larval
development of Mamestra brassicae L: Dose response, residual activity, repellent effect and
systemic activity in cabbage plants. Crop protection, 25(4), 338-345.



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

82

Sharma R.K. and Singh S. (2018), “"Host Range of Blister Beetle [Mylabris pustulata (Thunberg)]
in Sub-Mountainous Punjab.”; Agric Res J 55 (4): 696-700.

Shaw M.R. (2006) “Habitat Considerations for Parasitic Wasps (Hymenoptera).”; Journal of
Insect Conservation 10: 117-127.

Sivilov O., Atanassova J. and Zlatkov B. (2011) “Food Plant Spectrum of Oedemeridae Species
(Insecta, Coleoptera) Based on Pollen Analysis (A Preliminary Study).”; - Comptes rendus de
I'Académie bulgare des sciences: sciences mathématiques et naturelles, Biologie 64 (2): 225-
230.

Skevington J.H, Dang P.T (2011): Exploring the diversity of flies (Diptera). Biodiversity Vol 3,
No. 4, 3-27.

Smith, D. R. (1988). A synopsis of the sawflies (Hymenoptera: Symphyta) of America south of
the United States: introduction, Xyelidae, Pamphiliidae, Cimbicidae, Diprionidae, Xiphydriidae,

Siricidae, Orussidae, Cephidae. Systematic Entomology, 13(2), 205-261.

Smith, D. R. (1993). Systematics, Life History, and Distribution of Sawflies. In M. Wagner & K.
Raffa (Eds.), Sawfly Life History Adaptations to Woody Plants (pp. 33-60). University of
Minnesota Academic Press.

Soares H.M., Jacob C.R.0O., Carvalho S.M., Nocelli R.C.F. and Malaspina O. (2014) “Toxicity of
Imidacloprid to the Stingless Bee Scaptotrigona postica Latreille, 1807 (Hymenoptera: Apidae).”;
Bull Environ Contam Toxicol. 94(6): 675-80.

Ssysmank A., Kearns C.A., Pape T. and Thompson F.C. (2011): Pollinating Flies (Diptera): A
major contribution to plant diversity and agricultural production. Biodiversity (9): 1.

Stefanescu, C., Aguado, L. O., Asis, J. D., Bafios-Pichn, L., Cerda, X., Marcos Garcia, M., Micn,
E., Ricarte, A., & Tormos, J. (2018). Diversity of insect pollinators in the Iberian Peninsula.
Ecosistemas, 27(2), 9-22.

Stireman III 1.0, O'Hara J.E and Wood D.M (2006): Tachinidae: Evolution, Behaviour, and
Ecology, Annual Review of Entomology 51:525-555.

Streinzer, M., Roth, N., Paulus, H.F. and Spaethe J. (2019), “Color preference and spatial
distribution of glaphyrid beetles suggest a key role in the maintenance of the color polymorphism
in the peacock anemone (Anemone pavonina, Ranunculaceae) in Northern Greece.”; Journal of
Comparative Physiology A 205:735-743.

Suchail S., Guez D. and Belzunces L.P. (2000) “Characteristics of imidacloprid toxicity in two
Apis mellifera subspecies.”; Environ Toxicol Chem 19:1901-1905.

Sukontason K., Chaiwong T., Tayutivutikul J., Somboon P., Choochote W., Piangjai S. and
Sukontason K.L. (2005), “Susceptibility of Musca domestica and Chrysomya megacephala to
permethrin and Deltamethrin in Thailand.”; J. Med. Entomol. 42(5): 812-814.

Sumner, S., Law, G., & Cini, A. (2018). Why we love bees and hate wasps. Ecological
Entomology, 43(6), 836-845.



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

83

Taeger, A. (2002). The Megalodontesidae of Europe. In Matti Viitasaari (Ed.), Sawflies
(Hymenoptera, Symphyta) I. A review of the suborder, the Western Palaearctic taxa of Xyeloidea
and Pamphilioidea. Tremex Press.

Taeger, A., Blank, S., & Liston, A. D. (2006). European Sawflies (Hymenoptera: Symphyta) - A
Species Checklist for the Countries. In Recent Sawfly Research: Synthesis and Prospects.

Taeger, A., Blank, S. M., & Liston, A. D. (2010). World catalog of symphyta (hymenoptera).
Zootaxa. https://doi.org/10.11646/zootaxa.2580.1.1.

Teskey, H. J. 1976. Diptera larvae associated withtrees in North America. Memoirs of the
Entomological Society of Canada 100: 1-53.

Thomson D.M. (2019) “Effects of long-term variation in pollinator abundance and diversity on
reproduction of a generalist plant.”; Journal of Ecology 107:491-502.

Tomaszewska W. and Szawaryn K. (2016), “Epilachnini (Coleoptera: Coccinellidae)—A Revision
of the World Genera.”; Journal of Insect Science 16(1): 101: 1-91.

Tooming E., Merivee E., Must A., Merivee M.-1., Sibul I., Nurme K. and Williams I.H. (2017)
“Behavioural effects of the neonicotinoid insecticide thiamethoxam on the predatory insect
Platynus assimilis.”; Ecotoxicology 26: 902-913.

UBA TEXTE 54/2019: Bereswill, R., Krichbaum, K., Meller, M., Schmidt K., Briihl C. and Topping
C.J., .Protection of wild pollinators in the pesticide risk assessment and management.”;
Umweltbundesamt Mai 2019.

Uhl P., Awanbor O., Schulz R.S. and Brihl C.A. (2019) ,Is Osmia bicornis an adequate
regulatory surrogate? Comparing its acute contact sensitivity to Apis mellifera.”; PLoS ONE 14

(8).

Uhl, P. and Brihl, C. (2019): The Impact of Pesticides on Flower-Visiting Insects: A Review with
Regard to European Risk Assessment. Environmental Toxicology and Chemistry—Volume 38,
Number 11: 2355-2370.

Urru I, Stensmyr MC, Hansson BS (2011): Pollination by broodsite deception. Phytochemistry
72:1655-1666.

Vilhelmsen, L. (2019). Giant sawflies and their kin: morphological phylogeny of Cimbicidae
(Hymenoptera). Systematic Entomology, 44(1), 103-127.

Vockeroth, J. R., & Thompson, F. C. (1987). Syrphidae. In B. V Peterson, G. E. Shewell, H. J.
Teskey, & J. R. Vockeroth (Eds.), Manual of Nearctic Diptera (Vol. 2, Issue 28).

Wackers, F. L., Romeis, J., & Van Rijn, P. (2007). Nectar and pollen feeding by insect herbivores
and implications for multitrophic interactions. Annual Review of Entomology, 52, 301-323.

Wahlberg, N, Rota, J.., Braby, M. F., Pierc, N. E. and Wheat, C. W. (2014) Revised systematics
and higher classification of pieridbutterflies (Lepidoptera: Pieridae) based on molecular data.
Zoologica scripta Vol. 43;6: 641-650.

Wallis de Vries, M.F., van Deijk, J. & van Alebeek, F. (2017). The importance of maize and oilseed
rape field margins for Lepidoptera. Report VS2017.005 / CGM 2017-03, De Vlinderstichting /
Dutch Butterfly Conservation, Wageningen.

Wang, K., Hao, J., & Zhao, H. (2015). Characterization of complete mitochondrial genome of the
skipper butterfly, Celaenorrhinus maculosus (Lepidoptera: Hesperiidae). Mitochondrial DNA,



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

84

26(5), 690-691.

Wardhaugh, C.W. (2015): How many species of arthropods visit flowers? Arthropod-Plant
Interact. 9: 547-565.

Watson L. and Dallwitz M.]J. (2003 onwards): Insects of Britain and Ireland: the families of
Diptera. Version: 27th July 2019.

Weiner, C.N. (2016), "Diversity and resource choice of flower-visiting insects in relation to pollen
nutritional quality and land use” (Dissertation); Fachbereich Biologie der Technischen Universitat
Darmstadt.

Wielkopolan, B. and Obrepalska-Steplowska, A. (2016), “Three-way interaction among plants,
bacteria, and coleopteran insects.”; Planta (2016) 244:313-332.

Wiemers, M., Balletto, E., Dinca, V., Fric, Z. F., Lamas, G., Lukhtanov, V., ... & Verovnik, R.
(2018). An updated checklist of the European butterflies (Lepidoptera, Papilionoidea). ZooKeys,
(811), 9.

Wilhelmi A.P. and Krenn H.W. (2012) “Elongated mouthparts of nectar-feeding Meloidae
(Coleoptera).”; Zoomorphology 131: 325-337.

Winfree, R., Bartomeus, I., & Cariveau, D. P. (2011). Native pollinators in anthropogenic
habitats. Annual Review of Ecology, Evolution, and Systematics, 42, 1-22.

Woodley N.E. (2009): Nemestrinidae. In: Brown, B.V., Borkent, A, Cumming, J.M., Wood, D.M.,
Woodley, N.E. & Zumbado, M.A. (Eds.), Manual of Central American Diptera. Vol. 1. NRC
Research Press, Ottawa, 557-560.

Woodley N.E. (2009) “Stratiomyidae”. In: Brown BV, Borkent A, Cumming JM, et al., editors.
Manual of Central American Diptera, vol. 1. Ottawa: NCR Research Press. pp. 521e549.

Wu J. and Smith M.T. (2015) “Lethal Effects of Lambda-Cyhalothrin and its Commercial
Formulation on Asian Longhorned Beetle (Coleoptera: Cerambycidae): Implications for
Population Suppression, Tree Protection, Eradication, and Containment.”; JOURNAL OF
ECONOMIC ENTOMOLOGY 108 (1): 150-156.

Youn Y.N., Seo M.].,, Shin J.G. and Yu Y.M. (2003) “Toxicity of greenhouse pesticides to
multicolored Asian lady beetles, Harmonia axyridis (Coleoptera: Coccinellidae).”; Biological
Control 28: 164-170.

Zhang Z.Q (2011) “Order Diptera Linnaeus” in: Animal biodiversity: An outline of higher Pape T,
Blagoderov V and Mostovski M.B (2011) Order Diptera Linnaeus, 1758. In: Zhang, Z.-Q. (Ed.)
Animal biodiversity: An outline of higher-level classification and survey of taxonomic richness,
Zootaxa 3148.

Zhang, S.-Q., Che, L.-H., Li Y., Liang, D., Pang, H., Slipir'\ski, A. and Zhang, P. (2018),
“Evolutionary history of Coleoptera revealed by extensive sampling of genes and species.”;
Nature Communications 9: 205.

Zwolfer H. and Stadler B. (2004), “"The organization of phytophagous guilds in Cardueae flower
heads: conclusions from null models.”; Evolutionary Ecology Research, 6: 1201-1218.



European arthropods and their role their role in pollination: scientific report of
their biodiversity, ecology and sensitivity to biocides.

Annex

Table 23: Taxonomic overview of relevant FVI in the Phylum Arthropoda, Class Insecta, Order

Hymenoptera.

Taxonomic overview of relevant FVI in the Phylum Arthropoda, Class Insecta, Order

Hymenoptera

Common name

Digger wasps

Thread-wasted
wasps

cuckoo wasps

Spider wasps

Scoliid wasps

Tiphiid wasps

Pollen wasps

Paper wasps

Potter wasps
Paper wasps
Stem sawflies

Serrate-horned
sawflies

Common sawflies

Argid sawflies

Combid sawflies

Subfamily

Masarinae

Polistinae

Eumeninae

Vespinae

Family

Crabronidae

Sphecidae

Chrysididae

Pompilidae

Scoliidae

Tiphiidae

Vespidae

Vespidae

Vespidae
Vespidae
Cephidae

Megalodontesidae

Tenthredinidae
Argidae

Cimbicidae

Superfamily

Apoidea

Apoidea

Chrysidoidea

Vespoidea

Vespoidea

Vespoidea

Vespoidea

Vespoidea

Vespoidea
Vespoidea
Cephoidea

Pamphilioidea

Tenthredinoidea
Tenthredinoidea

Tenthredinoidea

Order

Hymenoptera

Hymenoptera

Hymenoptera

Hymenoptera

Hymenoptera

Hymenoptera

Hymenoptera

Hymenoptera

Hymenoptera
Hymenoptera
Hymenoptera

Hymenoptera

Hymenoptera
Hymenoptera

Hymenoptera
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Table 24: Taxonomic overview of relevant FVI in the Phylum Arthropoda, Class Insecta, Order Diptera.

Taxonomic overview of relevant FVI in the Phylum Arthropoda, Class Insecta, Order Diptera

Common name | Subfamily Family Superfamily Order
Bee flies Bombyliidae Asiloidea Diptera
Hoverflies Syrphidae Syrphoidea Diptera
Housefly/stable Muscidae Muscoidea Diptera
fly

Tangle-veined Nemestrinidae Nemestrinoidea Diptera
flies

Soldier flies Stratiomyidae Stratiomyoidea Diptera
Horseflies Tabanidae Tabanoidea Diptera
Thick-headed Conopidae Conopoidea Diptera
flies

Blow flies Calliphoridae Oestroidea Diptera
Caterpillar flies Tachinidae Oestroidea Diptera
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Table 25: Taxonomic overview of relevant FVI in the Phylum Arthropoda, Class Insecta, Order

Lepidoptera.

Taxonomic overview of relevant FVI in the Phylum Arthropoda, Class Insecta, Order

Lepidoptera

Common name

Swallowtail
butterflies

Pierids

The Gossamer-
wings

Brush footed
butterflies
Skippers

Hawk moths

Burnet moths

Subfamily

Family

Papilionidae

Pieridae

Lycaenidae

Nymphalidae

Hesperiidae

Sphingidae

Zygaenidae

Superfamily

Papilionoidea

Papilionoidea

Papilionoidea

Papilionoidea

Hesperioidea

Bombycoidea

Zygaenoidea

Order

Lepidoptera

Lepidoptera

Lepidoptera

Lepidoptera

Lepidoptera

Lepidoptera

Lepidoptera
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Table 26: Taxonomic overview of relevant FVI in the Phylum Arthropoda, Class Insecta, Order
Coleoptera.

Taxonomic overview of relevant FVI in the Phylum Arthropoda, Class Insecta, Order

Coleoptera

Common name | Subfamily Family Superfamily Order
Scarab beetles Scarabaeidae Scarabaeoidea Coleoptera
Ladybird beetles Coccinellidae Coccinelloidea Coleoptera
Sap beetles Nitidulidae Cucujoidea Coleoptera
Shining flower Phalacridae Cucujoidea Coleoptera
beetles

Pleasing fungus Erotylidae Cucujoidea Coleoptera
beetle

Snout Curculionidae Curculionoidea Coleoptera
beetles/true

weevils

Long-horned . Chrysomeloidea Coleoptera
beetles Cerambycidae

Leaf beetles Chrysomelidae Chrysomeloidea Coleoptera
Soft-winged Melyridae Cleroidea Coleoptera
flower beetles

Checkered Cleridae Cleroidea Coleoptera
beetles

Tumbling flower Mordellidae Tenebrionoidea Coleoptera
beetles

Blister beetles Meloidae Tenebrionoidea Coleoptera
False blister Oedemeridae Tenebrionoidea Coleoptera
beetles

Jewel beetles Buprestidae Buprestoidea Coleoptera
Soldier beetles Cantharidae Elateroidea Coleoptera
Click beetles Elateridae Elateroidea Coleoptera
Water scavenger Hydrophilidae Hydrophiloidea Coleoptera
beetles

Rove beetles Staphylinidae Staphylinoidea Coleoptera
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