Urban greening in Europe: a pollinators’ perspective is urgently
needed to develop functional ecological infrastructures
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Insect decline in the Anthropocene: Death by a thousand cuts

Interaction Disruption

Climate change is affecting
ranges globally. Here ants are
invading and consuming
wildlife in cloud forest never
before exposed to these
marauders.

Nitrification

Fertilizer and products of fossil
fuels combustion are nitrifying the
planet, challenging the biotas
adapted to low-nutrient
conditions.

Pollution

Chemical, light, and sound
pollution of water, air, and soil are
impacting plant and animal life
worldwide.

Fire

Global warming elevates
fire risk. Fires in Australia,
Amazonia, and California
burned an unprecedented
>5 million hectares of
forestin 2019.

Storm Intensity

Climate changes bring stronger, more
frequent storms and hurricanes; more
fire-igniting lightening; and damaging

Global Warming

Arctic sea ice is declining precipitously, arctic-alpine
and other cold-adapted communities are
contracting, while sea-level rise threatens coastal

ecosystems.

Introduced Species

Global trade is accelerating the
movement of pernicious plants,
animals, and pathogens to new

Urbanization

Our global population of 7.8 billion,
spread planet-wide, comes at great
cost to biodiversity and wildlands.
Already, over 500 vertebrates have
been driven to extinction.

regions—often with devastating
consequences.

DEATHBYA ¢
THOUSAND CUTS

‘ flooding.

Agricultural
Intensification

Industrialized agriculture, with
its attendant increases in scale,
monoculturalization, nutrient
input, and pesticide use, is
becoming increasingly nature
unfriendly.

Droughts

Periods with diminished
precipitation are becoming
longer, more frequent, and
warmer, with grave
consequences for all life.

Deforestation

The tropics lost 11.9 million
hectares of forest in 2019, mostly to
agriculture,

Insecticides

Modern, industrialized agriculture,
with its increasing reliance on
chemical insecticides, has led to
chronic contamination of wildlands
and impacts to non-target insects.

If we die,
we’'re taking
you with us.

(Image via Pesticide Action Network)

https://unsplash.com/@thomasstephan
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Deadly air in our cities: the invisible The
killer G dlall

Last week scientists put the mof earIyJLeaths_ca
pollution at double previous estimates: 8.8 mllho
published in the European Heart Journal, me

people than tobacco smoking.

Tim Smedley
Sun 17 Mar 2019 06.00 GMT

f v

A Aerial view south across the city of London in fog and or air pollution. Photograph: Andrew Holt/Getty Images



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

watt. ..
That’s all?

| am afraid it is, we’re experiencing
a major food shortage here!

Theto vE

http://www.apisbruocsella.be/fr/aidez-les-abeilles



—veryone knows « the bee »



The western honeybee (Apis mellifera) is just one species

" Apis mellifera

Photo NJVereecken




Few people know « the bees »
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OW many species of bees are there”
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Facts on bee decline



Bees are having a bad buzz...




The major threats to wild bees following the IUCN

Agriculturalexpansion and intensification [
Livestock farming and ranching I
Pollution (agricultural and forestry effluents) I
Residential and commercial development (urban sprawl) I8
Fire and fire suppression B Threatened taxa
Non-threatened taxa

Climate change
Other ecosystern modifications
Human disturbances (recreational activities)
Mining and quarrying

50 100 150 200 250 300 350 400

Number of species

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




Belgian Red List of Bees

Maxime Drossart, Pierre Rasmont, Pieter Vanormelingen, Marc Dufréne,

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

Zambra, Jens D'Haeseleer and Denis Michez

belspo

be

Drossart et al. (2019)

i Considering the Near Threatened (i.e.]
126 species; 6.8%) and Regionally §
b Extinct (i.e. 45 species; 11.8%) bees, the §

,’ half (i.e. 53.3%) of the assessed species §
{ (i.e. 184 species) are (nearly) threatened
f or extinct in Belgium. i

Table 6. Summary of number of bee species within each IUCN category.

IUCN Red List Categories No. species Belgium No. species Europe

Extinct (EX) 0 0

Extinct in the Wild (EW) 0 0

Regionally Extinct (RE) 45 0
G T I

Endangered (EN) 32 46

Vulnerable (VU) 34 24

Near Threatened (NT) 26 101

Least Concern (LC) 161 663

Data Deficient (DD) 36 1,101

Total number of species assessed 381 1,942

*This table does not include the Not Applicable species in Belgium (22).

et

A. B.

EN 2.4% VU 1.2%

X

,tﬁ~\_:__.NT 5.2%

CR 0.4%

DD 56.7%

Figure 5. A. IUCN Red List status of bees in Belgium ; B.
2014).

IUCN Red List status of bees in Europe (Nieto et al.



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




Morgan Freeman converted his
124-acre ranch into a giant

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

13 -

post-1990 average

11| 1960-2017 average

10 -

# Apis mellifera hives (in millions)
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| | | | | | | | | | | |
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Time

Wood et al. (2020) Managed honey bees as a radar for wild bee decline? Apidologie 51: 1100-1116.
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Abstract - Wild and managed bees are essential for global food security and the maintenance of biodiversity. At
present, the conservation of wild bees is hampered by a huge shortfall in knowledge about the trends and status of
individual species mainly due to their large diversity and vanation in life histories. In contrast, the managed Western
honey bee Apis mellifera is one of the best studied and monitored insects in existence. Since similar drivers may be
relevant for the decline of wild bees and losses of managed honey bees, this raises the possibility that monitoring of
honey bees may help to detect threatened regions for wild bees, thereby fostering urgently required conservation
measures. However, this possible relationship has not yet been explicitly tested for. Moreover, research currently
focused on honey bees as a model species may yield important insights into wild insect susceptibility to stressors and
vice versa. Here we use the bees of Europe as a model to show that managed honey bees are not suitable surrogates
for detecting declines in wild bees. A direct comparison of the response of wild bees and honey bees to the same
threats (nutritional deficiencies, parasites and pathogens, pesticides, and a changing climate) shows that, whilst some
of their responses may be similar at the individual level, when considered at the reproductive level (individuals
versus colonies), many of their responses diverge. These results reinforce the need for basic research into wild bee
biology, the need for national monitoring schemes for wild bee populations, and the call for conservation actions
tailored to the individual ecologies of wild bee species.

wild bees / indicator species / species specific / sociality / populations

1. INTRODUCTION Europe, where extensive records of historical bee

distributions exist (Biesmeijer et al. 2006; Potts

Declines in wild bee populations and losses in
managed bee populations have been reported
from around the world (Neumann and Carreck
2010; Cameron et al. 2011), but particularly from

Electronic supplementary material The online version of
this article (https://doi.org/10.1007/513592-020-00788-9)
contains supplementary material, which is available to
authorized users.

Corresponding author: T. Wood,
thomasjames.wood @umons.ac.be
Handling Editor: Mathieu Lihoreau
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et al. 2010a; Senapathi et al. 2015). Evidence of
declines in wild bee species has come primarily
from studies that have assessed aggregate changes
in species richness across regions over time; evi-
dence from species-specific, quantitative, and
year-to-year assessments of changes in population
sizes is much rarer, though they are becoming the
focus of more attention as the quality of both
datasets and computational techniques improves
(Ogilvie et al. 2017; Powney et al. 2019).

As the response of different species to a chang-
ing environment can vary hugely, even within the

INRAZ £DIB £ Springer

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 |
i number of wild bee species assessed as threatened by national Red Lists as a §
| per

Managed honey bees as a radar for wild bee decline?
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Impact of honey bees on wild bees



Solitary bees

Solitary bees

Without hives

Bumblebees Diptera

With hives

Bumblebees Diptera

Honeybees Other groups

Honeybees  Other groups

Geslin et al. 2017 AER
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Urbban bees: just a few species or a bounty
of species”?
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Urban green spaces and biodiversity:




Taxonomic and functional trait diversity MONTREAL
of wild bees in different urban settings Urban Community

cemeteries gardens

Etienne Normandin'", Nicolas J. Vereecken®', Christopher M. Buddle' and (n=157) (n=128)

Valérie Fournier'

! Centre de Recherche en Innovation sur les Végétaux, Université Laval, Québec, Canada

?Landscape Ecology & Plant Production Systems Unit, Université Libre de Bruxelles, Bruxelles, Belgique
3 Department of Natural Resource Sciences, McGill University, Ste-Anne-de-Bellevue, Canada

" These authors contributed equally to this work.

ABSTRACT A

Urbanization is one of the major anthropogenic processes contributing to local habitat
loss and extirpation of numerous species, including wild bees, the most widespread
pollinators. Little is known about the mechanisms through which urbanization impacts (n=124)
wild bee communities, or the types of urban green spaces that best promote their

conservation in cities. The main objective of this study was to describe and compare

wild bee community diversity, structure, and dynamics in two Canadian cities, Montreal

Urban parks

and Quebec City. A second objective was to compare functional trait diversity among QU EBEC CI I Y
three habitat types (cer.neterles, community g'flrdens and urban par-ks) w1th1|.1 ead_l city. Uiba0 Community
Bees were collected using pan traps and netting on the same 46 sites, multiple times, S——— d
over the active season in 2012 and 2013. A total of 32,237 specimens were identified, gandens
representing 200 species and 6 families, including two new continental records, Hylaeus (n=122) (n=117)
communis Nylander (1852) and Anthidium florentinum (Fabricius, 1775). Despite high
community evenness, we found significant abundance of diverse species, including
exotic ones. Spatio-temporal analysis showed higher stability in the most urbanized city
(Montreal) but low nestedness of species assemblages among the three urban habitats
in both cities. Our study demonstrates that cities are home to diverse communities
of wild bees, but in turn affect bee community structure and dynamics. We also
) found that community gardens harbour high levels of functional trait diversity. Urban B
ig?g;:;%d ;ll ]]::3:3' ;8:? agriculture therefore contributes substantially to the provision of functionally diverse
Published 7 March 2017 bee communities and possibly to urban pollination services. Urban parks
Corresponding author (n=119)
Etienne Normandin, : ik x ;
etienne.normandin@gmail.com Subjects Biodiversity, Conservation Biology, Ecology, Entomology, Taxonomy
i Keywords Urban ecology, Urban agriculture, Exotic species, Dominant species, Urbanization,
Academic editor S rors i : 1 i 3 iodiversi
Sean Brady ynanthropic species, Community ecology, Bee survey, Pollinator conservation, Biodiversity
Additional Information and
Declarations can be found on INTRODUCTION
page 26 @ i ; . ; ; :
DO 10.7717/peerj 3051 Urbanization is pervasive worldwide, and dramatically modifies environments (Aronson
) peste et al., 2014; Shochat et al., 2010; McDonnell & Hahs, 2008; McKinney, 2002). Global urban MONTREAL QUEBEC CITY
®@ Copyright sprawl and infrastructure development has increased considerably in the past 100 years, and (n=177) (n=152)
2017 Normandin et al. ; : : : : : >
this trend will continue well in the 21st century, with an estimated 66% of the world’s pop-
glrselglti)yéegol:gggns BRIV ulati.on li\./irllg. in cities by 2050 (Ufzired Nario.ns Department of E(mmm.i(. 'Sm‘iul Affairs Pop-
ulation Division, 2014). The ongoing expansion of paved surfaces, buildings, devegetated
OPEN ACCESS lands and human activities will amplify habitat loss, a leading cause of species extinction and

How to clte this article Normandin et al. (2017), Taxonomic and functional trait diversity of wild bees in different urban settings. Peer]
5:¢3051; DOI 10.7717/peerj.3051




Urban Green Spaces

I Nature reserves (13)

Brussels (Belgium)

A « garden city » at the heart of Europe
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Are urban agriculture plots a new form of nature reserves in cities?

Urban nature

Community

gardens
(n=73 spp.)

reserves
(n=73 spp.)

19 19







Wild bees as « environmental detectives »



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



*New to the UK in 2017



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



bicornis (syn. O. rufa)

1a

Osm

I. (2015) IUCN Red List of EU bees

Nieto et a

Source



Experimental setup - UGS in Brussels
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Experimental setup - UGS in Brussels (n=49)

% Urban Green
Spaces @250m

. 6-24%
@ 24-42%
. 42-60%

~ 60-78%
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~ | Buildings

—— Rall

I Urban green spaces
] Admin. boundaries

Map produced by NJ Vereecken
Source: Brussels UrblS - Distribution & Copyright CIRB




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



.5‘}

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

N plant genera

(e
6-9

9- 11
11-14
14 -16
16 - 20

.20-23

~ Buildings

—— Ralil

I Urban green spaces
Admin. boundaries

@90

okm | Map produced by NJ Vereecken
: Source: Brussels UrbIS - Distribution & Copyright CIRB




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

N plant families

= Buildings

—— Rail

I Urban green spaces
Admin. boundaries

Map produced by NJ Vereecken
Source: Brussels UrblS - Distribution & Copyright CIRB




Results - Pollen meta-barcoding in BCR

tttgagtatacaact

ttggagcatacgact
aaggtccaaagagt

atcgtccaatggagt
aaggtccaaacgagt

tttgagtatacaact

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

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

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)



Experimental setup - UGS in Brussels

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

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

O. bicornis

O. cornuta
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Results - UGS in Brussels (h=49)

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

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)

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)

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
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YOU'RE WORRYING ABOUT THE
WRONG BEES

Native bee (Andrena sp) on coneflower. FO] ALEX WILD

https://www.wired.com/2015/04/youre-worrying-wrong-bees/
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“Raising honeybees

T S to save pollinators

S s like raising chickens
" to help birds”

Before you can
#SaveTheBees
you need to get to

#KnowTheBees
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