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Photo 2 Hilling up soil by tractor with a modified ridge hilling machine 
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Abstract 
Bumble bees and solitary bees have to be considered in addition to honey bees regarding environmental 
pollinator risk assessments. For solitary bees it is proposed to use Osmia cornuta (LATR., 1805) or O. bicornis (L., 
1758) as test organisms. Whereas for higher-tier assessments, semi-field testing of solitary bees has been 
proved to obtain sound results, experience from current Osmia field studies show that exposure of adults and 
larvae is not necessarily the case due to the pronounced polylectic feeding behaviour. As an alternative 
refinement option the ‘focal species’ concept may be used, which is well-known as a kind of first step for 
higher tier bird and mammal risk assessments. This approach as it applies to solitary bees, as well as its needs, 
refinement options and limitations is presented.  
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Introduction 
According to EFSA (2013) bumble bees and solitary bees have to be considered in addition to 
honey bees regarding environmental pollinator risk assessments (hereafter RA). However, suitable 
testing methods in the lab are only partly available or under development for species other than 
Apis bees. For solitary bees EFSA (2013) proposes to use Osmia cornuta (LATR., 1805) or O. bicornis 
(L., 1758) as test organisms.  

Based on Proposals by the ICPPR non-Apis working group for solitary bees semi-field testing has 
been proved to obtain sound results for Osmia species. However, experience from currently 
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conducted Osmia field studies show that exposure of adults and larvae is not necessarily the case 
(Peters et al., 2016; EPA, 2017; Ruddle et al., 2017). These solitary bee species have a pronounced 
polylectic feeding behaviour that can result in a low exposure to a test substance (i.e. not worst-
case), which might be criticized by Member States (hereafter MS) authorities. In order to solve this 
problem, the refinement of worst-case solitary bee RA under realistic field conditions may be 
achieved by using a ‘focal species’ concept. Focal species are intended to represent a worst-case 
choice per crop, application time and zone to cover all potentially occurring solitary bee species 
for these scenarios. Whereas this approach is well-known for bird and mammal RA (EFSA 2009) it is 
novel for solitary bees. In addition to defining most appropriate species for solitary bee RA, such 
basic research would also increase knowledge about this important functional insect group and 
agriculture in current times where evidence for arthropod biodiversity and biomass decrease is in 
focus (Hallmann et al. 2017). Here, we present this approach, as well as its needs, refinement 
options and limitations.  

Higher tier risk refinement steps for solitary bees 
Step 1: Refinement of 1st tier default values for oral exposure of solitary bees 

If unacceptable oral risk for solitary bees cannot be excluded in the 1st tier, a refinement of default 
residues values can be applied. A worst case oral exposure is assumed for the exposure scenarios 
‘treated crop’ and ‘weeds in the field’. Refinement options according to EFSA (2013) refer to 
‘exposure factors’ and ‘shortcut values’ (SV). SVs express the theoretical residue uptake by bees 
and are calculated using EFSA´s SHVAL-tool (2014) for crops being attractive due to pollen and/or 
nectar supply, using 

consumption rates of pollen and sugar for adults and larvae 

sugar content of nectar 

default Residues per Unit Dose in pollen and nectar (RUD values)  

The default values according to EFSA (2013) are summarized in Table 1. RUDs depend on the kind 
of application (e.g. downward spraying for horizontal boom sprayers, sideward/upwards spraying 
for air assisted orchard sprayer, granule applications or seed treaments) and growth stage of the 
respective crop (i.e. BBCH). Based on specifically obtained residue data, lower RUDs lead to lower 
SVs and result in more realistic RAs with regard to the applied pesticide and respective application 
timing.  

For further higher tier refinements (if necessary) we propose to use refined exposure and residue 
data based on ‘focal species’ (step 2). 

Tab. 12 Default values according to EFSA (2013) 

Pollen consumption 
[mg/bee/day or 
mg/larvae] 

Sugar consumption 
[mg/bee/day or 
mg/larvae] 

Sugar content  
nectar  
[%] 

Median of RUDs 
in pollen  
[mg/kg]* 

Median of RUDs 
in nectar  
[mg/kg]* 

Adults: 10.2  
Larvae: 387 

Adults: 18 to 77 
Larvae: 54 

Treated crop: 10  
Weeds: 30   

Treated crop:  
1 to 13.0    
Weeds: 1 to 13.0  

Treated crop:  
1 to 4.0 
Weeds: 1 to 2.5 

*depending on application type and BBCH 

Step 2: Refinement via ‘focal species’ approach for solitary bees  

Identification of ‘focal species’  
According to EFSA (2009), a ‘focal species’ is a real species which occurs in a target crop when a 
pesticide is applied and it shall serve as representative for all other species from the same guild at 
that time. Guild in this context means the overall type of diet because in bird and mammal RAs the 
focus of exposure is on digestion of treated diet (EFSA 2009) – as it is in solitary bees. Thus, 
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defining ‘focal species’ adds realism to the environmental RA. To identify suitable ‘focal species 
candidates’ the following 4-step procedure is proposed (Fig. 1) 

 

Fig. 13  Proposed 4-step procedure to define suitable ‘focal species candidates’  

Following guidance from EFSA (2009),potential ‘focal species’ candidates can be species with a 
frequence of occurrence (FO) ≥ 20%. These species should be protective for other species that 
might be exposed to pesticide applications in the field at the same time and exposed to the same 
extent (EFSA 2009). Thus, exposure dependent parameters must be considered to ensure that the 
level of protection and uncertainty are taken into account (Dietzen 2013). Concerning solitary bees 
such criteria can be the FO (see above), the species´ body weight (which influences exposure by 
allometric daily energetic requirements and thus food ingestion rate), the proportion of pollen in 
the larval provisions and the total amount of larval provsions.  

In contrast to birds or mammals, which consider only adults thus far and differentiate between the 
overall type of diet used (insectivore, herbivore, omnivore etc.) (feeding guild), two guilds for 
solitary bees are deemed to be relevant to consider, as this influences the degree and path of 
exposure (EPA 2017):  

- nesting guilds: species nesting in the underground (in soil, ca. 65% of all solitary bee species) vs 
above-ground (cavities in wood, plant stems, crevices, snail shells; self-made nests using mineral 
or herbal material). 

- nesting material guilds: species using mud/soil, pieces of leaves, plant hairs or resin to line out 
their nest cells. 

The relevance of these different guilds has to be clarified for assignment of recorded species 
within the ranking of ‘focal species’ candidates. 

Relevant oral exposure paths and refinement options 
The following oral exposure paths are regarded as relevant for solitary bees: 

1. Female adults: exposed to residues via pollen and nectar taken up as food (amount of 
pollen taken up as food is very low) and sampled as brood supply for their progenies. 

2. Larvae: exposed to residues via pollen and nectar taken up as as food (data for pollen 
and nectar can be obtained from respective residue studies). Residues in soil/mud (can 
be obtained from standard PEC soil  calculations) and residues in herbal material (obtained 
from wildlife relevant residue studies on plants (see EFSA 2009)) may enter the larval 
food.  

The proportion (≤ 1) of pollen of the target crop in the larvae provisions represents an 
approximation of how long a bee samples in the target crop and collects contaminated pollen and 
nectar. Such data can be used twice: on the one hand for the adult oral exposure as a measure of 
field exposure time (i.e. PT (‘portion of diet from treated area/time’) equivalent to EFSA 2009) and 
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thus to correct the exposure factor and the default RUDs/SVs of diet fractions (i.e. PD ‘portions of 
diet’ equivalent to EFSA 2009). On the other hand, regarding larvae exposure such data can be 
used to correct the default RUDs/SVs. 

Needs and perspectives  
To check whether the proposed concept can be a useful approach to refine risk for all solitary bee 
species in agricultural areas exposed to pesticide applications in the higher tier it is necessary to 

1. agree with MSs on a standardized method to record solitary bees in crops, e.g. number 
of fields per site and crop, number of sites per zone, survey scheme etc. 

2. perform a pilot study in a common crop (e.g. winter oilseed rape in the Central Zone) to 
evaluate feasability and suitability of the approach for solitary bees and how to select 
‘focal species candidates’. 

3. carry out sound literature surveys and/or case by case species-specific investigations in 
the field if needed (e.g. to investigate exposure at individual growth stages, feeding 
preferences of adult bees, nectar and pollen proportion of larval food, palynological 
composition of food storage, amount of larval provisions etc.).  

4. verify the refinement concept. 
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