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provides the essential protocols to allow a far wider range of wild insect pollinators (wild 
bee species, wild Lepidoptera species and wild hover fly species) to be employed in 
ecotoxicological testing.  
 

5 Development of protocols 
 
Based on recent literature arising from the PoshBee project that has made a concerted 
effort to develop protocols to assess the pesticide sensitivity of several wild bee 
(summarised in Barraud et al. 2022; Dewaele et al. 2024) and other recent literature e.g. 
for testing mason bee (Osmia) larvae to pesticides (Eeraerts et al. 2020), the WP2 
Partners generated draft protocols for testing: 
 

(i) wild bee species 
(ii) wild Lepidoptera species 
(iii) wild syrphid fly species 

 
In the first 12 months of WildPosh, WP2 Partners have met once in person (GA/Kick-Off 
meeting on 25-26 Jan 2024), once at the on-line GA (3 July) and eight times on-line for 
dedicated discussion of the protocols (15 Jan, 22 Feb, 8 March, 13 March, 28 March, 11 
April, 25 June, 11 Dec) as well as twice in joint meetings with the EU PollinERA project 
(16 Feb, 12 Sept). This intense schedule of meeting has allowed the WP2 Partners to 
develop workable protocols with amenable wild insect pollinators, informed by trial-and-
error feedback from concurrent laboratory experiments at the respective Partner institutes. 
 
All protocols form Appendix 1. Below we provide generic details to the protocols. 
 
5.1 Choice of model species 
 
The current list of model species has been expanded to 10 wild bee species, including 4 
fossorial species, 2 mason bee species and 4 bumble bee species, including wild B. 
terrestris. A current (as of 31.12.2024) list of species is provided in M3 (delivery date 
31.12.2024) and as Appendix 2 to this report. In comparison to species listed in the 
original WildPosh proposal, it has replaced species that were difficult to maintain in the 
laboratory or that were not readily available from the field.  
 
5.2 Comparison to the model species: Bombus terrestris 
 
All protocols are initially foreseen to provide a relative measure of sensitivity to a pesticide 
by analysis of the response of a species in comparison to our reference model: the 
commercially available bumble bee B. terrestris. The dose used for a particular target 
species is the weight-adjusted LD50 of B. terrestris for the same life-stage 
(larval/pupal/adult) and mode exposure (contact/oral) for the three chosen pesticides: 
acetamiprid (insecticide), cypermethrin (insecticide) and tebuconazole (fungicide). 
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5.3 Chronic exposure 
 
Sublethal effects of chronic exposure have repeatedly been highlighted as a lacuna in 
current ecotoxicological testing, which the WildPosh protocols aim to address. To do so, 
the experimental protocols allow extension to quantify chronic (long-term survival) and 
sublethal impacts (larvae: emergence success, fluctuating asymmetry (FA) of wing veins; 
adults: behavioural disruption) over a 10-day period of exposure. We are developing an 
ethogram, which is already incorporated into the protocols, to allow objective assessment 
of behavioural changes induced by pesticide exposure of adult target species. Protocols 
will be updated in 2025 to improve our rational, science-based protocols. 
 
5.4 Life-stages 
 
The protocols provide separate methods for assessing contact and oral pesticide 
exposure of both juvenile (larvae/pupae) and adult (imago female, imago male) stages 
of wild bees, Lepidoptera and syrphid flies. These are important because juvenile stages 
may prove more sensitive to pesticide exposure than adults and because juvenile stages 
may be more exposed to pesticides e.g. through contamination of soil for fossorial bees 
(Willis Chan & Raine 2021; Rondeau 2024; Rondeau & Raine 2024). Generating 
protocols for syrphid flies is highly innovative and has proved challenging. Adult testing 
has taken predominance and therefore a larval testing protocol has not yet been tested. 
We therefore do not provide a draft topical larval protocol for hover flies. 
 
5.5 LD50 and data analysis 
 
Protocols are easy to adapt to obtain LD50 estimates by using a range of pesticide 
concentrations (rather than the weight-adjusted LD50 dose of commercial B. terrestris). 
We note that many wild insect species may be difficult, or it may be ethically unjustified, 
to collect in large enough numbers to permit formal assessment of the LD50 of a 
species. 
 
Protocols foresee the collection of a range of data related to mortality and sublethal 
effects (morphological and behavioural). Datasheets (Appendix 3) have been generated 
to simply data collection and R scripts (Appendix 4) have been developed to facilitate 
initial data processing (quality control). 
 
5.6 Outlook 
 
WP2 foresees continue testing of WildPosh protocols and wild insect pollinator species 
as well as generation of data on species sensitivity to pesticides during 2025 (2nd year of 
WildPosh). The protocols as provided represent current best practice and knowledge. 
With experience and data gained in 2025, protocols will be accordingly refined and 
updated. 
 
Through the development and use of WildPosh protocols, we anticipate that the 
toxicological and ecological impacts of pesticides will be better understood and risk 
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Bee species Taxonomic family MLU UMONS UFR UNSPMF, BIOS
Andrena vaga Andrenidae 

Anthophora plumipes Apidae
Colletes hederae Colletidae

Lassioglossum malachurum Halictidae
Osmia brevicornis Megachilidae

Osmia bicornis Megachilidae
Bombus hypnorum Apidae
Bombus lapidarius Apidae

Bombus pascuorum Apidae
Bombus terrestris Apidae

Lepidoptera species Taxonomic family UMONS
Macroglossum stellatarum Sphingidae

Papilio machaon Papilionidae
Maniola jurtina Nymphalidae

Saturnia pavonia Saturniidae
Aglais urticae Nymphalidae

Hover fly species Tribe UNSPMF, BIOS
Eristalis arbustorum Eristalini
Eristalinus aeneus Eristalini
Eupeodes corollae Syrphini potentially using larvae
Myathropa florea Eristalini

Cheilosia canicularis Rhingiini

Key: Responsible Partner
Date: 18.12.2024

WildPosh D2.4 Appendix 2: list of target spcies used in WP2

Caterpillars (Last stage) Adults

Developmental stages (males and females) 
for WP3

not larvae

Adults

not larvae

Developmental stages (males and females) 
for WP3

Adults

Larvae 3rd and 4th std

Larvae 3rd and 4th std

Developmental stages (males and females) 
for WP3
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########################################################################1

###############!É

# Scr i pt  t o f or m gr oups wi t h l ow bet ween- gr oup var i ance,  2

# whi ch ar e r andoml y assi gned t o di f f er ent  t r eat ment s 3

########################################################################4

###############!É

5

l i br ar y( ant i c l ust ) ;  l i br ar y( r eadxl )6

l i br ar y( pl yr ) ;  l i br ar y( t i dyver se)7

l i br ar y( openxl sx)8

9

# Read dat a and excl ude unsui t abl e i ndi v i dual s10

pat h_dat a_i n <-  f i l e. choose( )11

pat h_dat a_out  <-  gsub( " . x l sx" ,  " _t r eat ment s. x l sx" ,  pat h_dat a_i n)12

13

pr e_dat a = r ead_excel ( pat h_dat a_i n,  sheet  = " Pr e_exposur e" )  %>% 14

  f i l t er ( Al i ve_pr e_expo == 1 & (15

    i s . na( Excl uded_manual l y)  == T |  Excl uded_manual l y ! = 116

  ) )17

18

# Def i ne covar i at es and t r eat ment s19

covar i at es = c( " Body_mass" ,  " Age_pr e_expo" ,  " SC_pr e_expo" )20

21

t r eat ment s = c( " N" ,  " P" ,  " A" ,  " B" ,  " C" ,  " D" ,  " E" ,  " F" ,  " G" ,  " H" )22

# t r eat ment s = c( " NC" ,  " PC" ,  " T1" ,  " T2" ,  " T3" ,  " T4" ,  " T5" ,  " T6" ,  " T7" ,  23

" T8" )É

24

t r eat ment s_shuf f l ed = sampl e( t r eat ment s)25

26

n_t r eat ment s = l engt h( t r eat ment s)27

n_r epl i cat es = f l oor ( nr ow( pr e_dat a)  /  n_t r eat ment s)28

29

summar y( pr e_dat a)30

31

# Det er mi ne exper i ment al  i ndi v i dual s and spar e i ndi v i dual s ( t hose ar e 32

sor t ed out )É

pr e_dat a$set _si mi l ar _i ndi v i dual s <-  mat chi ng(33

  x = scal e( pr e_dat a[ ,  covar i at es] ) ,  34

  p = n_t r eat ment s,35

  mat ch_wi t hi n = pr e_dat a$Sex   36

  )37

38

exper i ment al _i ndi v i dual s = subset ( pr e_dat a,  set _si mi l ar _i ndi v i dual s <= 39

n_r epl i cat es)É

40
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# Spar e col oni es ar e sor t ed out41

spar e_i ndi v i dual s = subset ( pr e_dat a,  set _si mi l ar _i ndi v i dual s > 42

n_r epl i cat es |  i s . na( set _si mi l ar _i ndi v i dual s)  == T)  É

spar e_i ndi v i dual s$set _si mi l ar _i ndi v i dual s = NULL43

spar e_i ndi v i dual s$Tr eat ment  = " Spar e i ndi v i dual "44

spar e_i ndi v i dual s <-  spar e_i ndi v i dual s %>% 45

  dpl yr : : sel ect ( Tr eat ment ,  ever yt hi ng( ) )46

47

# I ndi v i dual s of  t he same set  ar e t hen di st r i but ed t o al l  t he di f f er ent  48

t r eat ment  gr oups.   É

exper i ment al _i ndi v i dual s$Tr eat ment  <-  ant i c l ust er i ng(49

  exper i ment al _i ndi v i dual s[ ,  covar i at es] ,  50

  K = n_t r eat ment s,51

  cat egor i es = exper i ment al _i ndi v i dual s$set _si mi l ar _i ndi v i dual s,52

  obj ect i ve = " var i ance" ,  53

  met hod = " exchange" ,54

  r epet i t i ons = 100055

)  56

57

exper i ment al _i ndi v i dual s$Tr eat ment  = 58

mapval ues( exper i ment al _i ndi v i dual s$Tr eat ment ,  É

                                                 f r om = 1: n_t r eat ment s,  59

                                                 t o = 60

t r eat ment s_shuf f l ed)  É

61

exper i ment al _i ndi v i dual s$set _si mi l ar _i ndi v i dual s = NULL62

63

exper i ment al _i ndi v i dual s <-  exper i ment al _i ndi v i dual s %>% 64

  dpl yr : : sel ect ( Tr eat ment ,  ever yt hi ng( ) )65

66

# Cr eat e a new Excel  wor kbook67

wb <-  cr eat eWor kbook( )68

69

# Add sheet s t o t he wor kbook70

addWor ksheet ( wb,  " Exper i ment al _i ndi v i dual s" )71

addWor ksheet ( wb,  " Spar e_i ndi v i dual s" )72

73

# Wr i t e dat a t o t he sheet s74

wr i t eDat a( wb,  " Exper i ment al _i ndi v i dual s" ,  exper i ment al _i ndi v i dual s)75

wr i t eDat a( wb,  " Spar e_i ndi v i dual s" ,  spar e_i ndi v i dual s)76

77

# Save t he wor kbook t o a f i l e78

saveWor kbook( wb,  pat h_dat a_out ,  over wr i t e = TRUE)79

80

81
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