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Insect decline in the Anthropocene: Death by a thousand cuts



BIODIVERSITY URBANIZATION

https://cpb-us-w2.wpmucdn.com/blog.nus.edu.sg/dist/2/6753/files/2016/09/1001405-crossroads-25nvfgd.jpg
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Last week scientists put the number of early deaths caused worldwide by air 
pollution at double previous estimates: 8.8 million a year, according to research 
published in the European Heart Journal, meaning toxic air is killing more 
people than tobacco smoking.

https://www.theguardian.com/environment/2019/mar/12/air-pollution-deaths-are-double-previous-estimates-finds-research
https://academic.oup.com/eurheartj/advance-article/doi/10.1093/eurheartj/ehz135/5372326


Wait…  
That’s all?!? I am afraid it is, we’re experiencing 

a major food shortage here!
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Everyone knows « the bee »



Apis mellifera

The western honeybee (Apis mellifera) is just one species 

Photo NJ Vereecken



Few people know « the bees »



© NJ Vereecken
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Ce guide constitue le premier volume d’une série sur les 
Hyménoptères d’Europe. Dans sa première partie une pré-
sentation générale est proposée sur leur morphologie, leur 
écologie, leur évolution et les méthodes pour établir une 
collection de spécimens. Nous proposons aussi une clé de 
détermination pour l’ensemble des super-familles recensées 
sur le continent européen.

Le guide développe ensuite une synthèse des connaissances 
sur les abeilles sauvages d’Europe et des régions limitrophes, 
en tenant compte des dernières avancées scientifi ques. 
Cette diversité se décline en plus de 2000 espèces réparties 
en 77 genres sur tout le territoire couvert par cet ouvrage. 

L’ouvrage aborde la biologie, la morphologie, l’écologie 
et la conservation des abeilles sauvages d’Europe. Il pro-
pose ensuite, pour la première fois, une clé d’identifi cation 
illustrée des 77 genres, ainsi qu’un inventaire exhaustif des 
espèces et une description complète d’abeilles sauvages 
représentatives au sein de chaque genre (morphologie,
écologie, distribution).

Un guide de référence complet accessible
aux non-spécialistes à emporter partout

pour découvrir l’étonnante diversité
de ces pollinisateurs indispensables !
pour découvrir l’étonnante diversité
de ces pollinisateurs indispensables !de ces pollinisateurs indispensables !de ces pollinisateurs indispensables !de ces pollinisateurs indispensables !de ces pollinisateurs indispensables !de ces pollinisateurs indispensables !de ces pollinisateurs indispensables !de ces pollinisateurs indispensables !

Publié en 2019 (FR/EN) — 600 pages





How many species of bees are there?



210 espèces 400 espèces

2000 espèces 20.000 espèces
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Orchids Odonata Butterflies Nesting birds Wild bees

400 spp.



Facts on bee decline



Bees are having a bad buzz…



The major threats to wild bees following the IUCN

Nieto et al. (2015) European Red List of Bees. IUCN.



Belgian Red List of Bees 
Maxime Drossart, Pierre Rasmont, Pieter Vanormelingen, Marc Dufrêne, 

Morgane Folschweiller, Alain Pauly, Nicolas J. Vereecken, Sarah Vray, Ella 

Zambra, Jens D'Haeseleer and Denis Michez 
 

 
 

 

 

  

Drossart et al. (2019)

Overall, 32.8% of bees (i.e. 113 species) 
are considered threatened in Belgium. 
Considering the Near Threatened (i.e. 
26 species; 6.8%) and Regionally 
Extinct (i.e. 45 species; 11.8%) bees, the 
present study suggests that more than 
half (i.e. 53.3%) of the assessed species 
(i.e. 184 species) are (nearly) threatened 
or extinct in Belgium.



The honey bee is probably the least 
threatened of all bees in Europe





The honey bee is probably the least threatened of all bees in Europe

Wood et al. (2020) Managed honey bees as a radar for wild bee decline? Apidologie 51: 1100–1116.



(2020)

Using data from the COLOSS project (van der Zee et al. 2012, 2014; 
Brodschneider et al. 2016, 2018, Table I), we found that the average rate of honey 
bee colony winter mortality (Figure 4a) was not significantly correlated with the 
number of wild bee species assessed as threatened by national Red Lists as a 
percentage of the national fauna (GLM, t 20 = 0.986, p = 0.337, R 2 = 0.049)



Impact of honey bees on wild bees
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Apis mellifera Wild bees Flowering plantsInteractions



Potential apparent competition (PAC) in Brussels

Competition experienced
Competition exerted

All bee species are subject to a certain level of intra- and inter-specific competition



Urban bees: just a few species or a bounty 
of species?



http://images.trvl-media.com/media/content/shared/images/travelguides/Brussels-and-vicinity-178241-smallTabletRetina.jpg

Urban green spaces and biodiversity: 
Are they synonyms?





Brussels (Belgium) 
A « garden city » at the heart of Europe

Brussels Capital Region
Nature reserves (13)     
Urban Green Spaces

210 species (/400)



Could community gardens be the next 
generation of urban nature reserves?



Nombre d’espèces recensées dans les Potagers Urbains 
vs. les Réserves Naturelles de la RBC

19 1954

Potagers (n=73) Réserves (n=73)
Community  

gardens 
(n=73 spp.)

Urban nature 
reserves 

(n=73 spp.)

Are urban agriculture plots a new form of nature reserves in cities?



Macropis fulvipes Photo © NJ Vereecken



Wild bees as « environmental detectives »



Osmia cornuta mating pair (Hym. Megachilidae) 
Photo © NJ Vereecken



Osmia cornuta mating pair (Hym. Megachilidae) 
Photo © NJ Vereecken

Osmia cornuta

*

* New to the UK in 2017

Osmia cornuta

Source: Nieto et al. (2015) IUCN Red List of EU bees



Osmia bicornis mating pair (Hym. Megachilidae) 
Photo © NJ Vereecken



Osmia bicornis

Osmia bicornis (syn. O. rufa)

Source: Nieto et al. (2015) IUCN Red List of EU bees



Experimental setup - UGS in Brussels



Experimental setup - UGS in Brussels (n=49)



Osmia cornuta egg (Hym. Megachilidae) 
Photo © NJ Vereecken



Osmia cornuta larva on pollen ball (Hym. Megachilidae) 
Photo © NJ Vereecken



Sample collection for pollen metabarcoding analyses

Brood cells (pollen only) were collected from nests and pooled for each of the 49 study sites; 
the results of the pollen meta-barcoding analyses are available for 47 sites



Results - Pollen meta-barcoding in BCR
Osmia females collected pollen from a minimum of 6 genera and a maximum of 23 genera 
of flowering plants at a single site as shown below



Results - Pollen meta-barcoding in BCR
Osmia females collected pollen from a minimum of 5 families and a maximum of 16 
families of flowering plants at a single site as shown below



1. 2. 3.
sp. 1 sp. 2 sp. 3 sp. 4

sp. 5 sp. 6 sp. 7 sp. 8

4. 5.

Major issue: current methodologies do not allow a reliable and quantitative 
assessment of the relative abundance of each species using # sequence reads

The urbanisation gradient has no significant effect on the number of plant genera 
visited (p=0.149)

The plant families with the highest number of genera visited are the Brassicaceae 
(7 genera), the Rosaceae (5 genera) and the Fabaceae (4 genera)

Results - Pollen meta-barcoding in BCR

Mason bees in the UGS of Brussels Capital Region visit a spectrum of plant 
species belonging to no less than 48 genera in 34 families



Aliquots (sub-samples) of the brood cells pooled in the experiments carried out for Target 
#2 were used to track pesticide residues

Experimental setup - UGS in Brussels

Pesticide residues have been characterised by Gregor Claus, PhD student under 
supervision of Prof. Pieter Spanoghe (UGent) for all 49 samples



Plants visited and pesticide residues analyses
Pollen metabarcoding
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Pesticide residues
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85.71% of the 49 samples (i.e., 42 sites) analysed contained at least one active substance

The only significant co-occurrence pattern found in pesticide residues was between the 
fungicides hexaconazole and fludioxonil; all other interactions were found to be random

Two pesticides, namely the fungicide boscalid and the insecticide/acaricide  chlorpyrifos 
make up for nearly 75% of pesticides recorded in the dataset

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. DOI: 10.1080/10807039.2015.1133242; see https://sitem.herts.ac.uk/aeru/ppdb/en/search.htm 

Boscalid is a widely used fungicide used to control major plant pathogens that is very persistent in 
soils; it has a low toxicity to honey bees (Lewis et al. 2016)

Results - UGS in Brussels (n=49)

Chlorpyrifos is a widely used organophosphate insecticide no longer approved for use in the EU; it is 
highly toxic to birds, fish, aquatic invertebrates and honey bees, and moderately toxic to aquatic 
plants, algae and earthworms (Lewis et al. 2016)

We found no evidence for a significant impact of urbanisation (defined here as % of 
UGS @250m radius) on the number of pesticide molecules detected in the Osmia brood 
cells (n=49)

We found no evidence for a significant impact of the number of flowering plant 
genera or families on the number of pesticide molecules detected in the Osmia brood 
cells (n = 47), although a negative trend is observed between these two variables

Applying machine-learning analyses to investigate the covariance of the pesticide and 
pollen meta-barcoding matrices (pending)

https://doi.org/10.1080/10807039.2015.1133242
https://sitem.herts.ac.uk/aeru/ppdb/en/search.htm
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Thank you for your attention

Photo NJ Vereecken

nicolas.vereecken@ulb.be

mailto:nicolas.vereecken@ulb.be

