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Are there just honeybees, bumblebees, and solitary bees?

 Bees (Hymenoptera, Apoidea)

honey bee wild bees

« > 17 000 species
(Michener 2007)
« adults and larval stages feed on pollen
and/or nectar

» “[...] most pollination ecologists would agree that bees (series Apiformes)

are the predominant pollinators for most plants and ecosystems.”
(Winfree ef al. 2011)



Bees are not the sole pollinators out there...

Visitation heterogeneity:

visitation
frequency

% Non-syrphid
flies

alix sp.

(Dupont & Olesen 2009)



Bees are not the sole pollinators out there...

Visitation heterogeneity:
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' | Beetles

! Hoverflies

Bees

|

Each plant:
* high diversity of visitors
« sorting out the pollinators is difficult

was.N Non-syrphid
flies

/. | Non-bee
¥ +4 hymenopterans

(Dupont & Olesen 2009)

All flower visitors are

Frequency of Pollination »
visits on flowers efficiency Important to consider

(Vazquez 2005)



Spipoll —one survey to monitor them all

 Bees (Hymenoptera, Apoidea)

Flies (Diptera)

Butterflies & Moths
(Lepidoptera)

Spiders, etc.




Spipoll —one survey to monitor them all

 Bees (Hymenoptera Apoidea) * Flies (Dlptera)

« Butterflies & Moths
(Lepldoptera)

Diverse life traits :

O Food (pollen, nectar, leaves, preys, hosts...)
U Nesting habits (cavities, ground, hosts, ...)
U Physiological responses to stresses

O Flying ability O Voltinism QO ...




Spipoll —one survey to monitor them all

 Bees (Hymenoptera, Apoidea)

* Flies (Diptera)

Diverse life traits...

... driving responses to environmental
changes and population trends?




Spipoll —a national scale monitoring

@ ® 11

« Biogeographical regions « Land-uses

B Urban

Agricultural

B Natural

Biogeographical regions
in Europe, 2016

Alpine

Anatolian
Arctlic
Atlantic
Black Sea
Boreal
Continental

Macaronesia

Mediterranean

Pannonian

o A0 R ORI

Steppic
Outside data coverage

(European Environment Agency) (Corine Lland Cover, Bossard et al. 2000)



Dataset aimed at by the Spipoll project

« Broad taxonomic scope

« Interaction with a visited plant
 National scale

« Long-term survey

« Non-lethal observations

0

Done since 2010
thanks to citizen scientists!

y

SPIPOLL
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A citizen science project

"Citizen science, the involvement of volunteers in research” , icon o 2010,

?
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Simple and yet standardized data collection

1) Choose a
location...

AAAAA

2) ... pick a flowering
plant species...

N
®

3) ... photograph all insects visiting the flowers

Two sampling effort options
« Flash » | «Long »

o OO

20 min at least 20 mn, once or
exactly | more within 3 days

, ¢
© jfcth, 2013, Pailhares

© jfcth - Spipoll



Simple and yet standardized data collection

1) Choose a
location...

AAAAA

2) ... pick a flowering
plant species...

3) ... photograph all insects visiting the flowers

« Flash »

Stopped in 2019
to Increase

standardized samples
20 min

exactly

, \{"F
© jfcth, 2013, Pailhares

© jfcth - Spipoll



Sorting visitors into morphospecies

* huge diversity of flower visitors

- difficulty of identification

a group of species differing from all the other
groups

In any external features that can potentially be
seen on pictures.
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Identification by participants using interactive online tools

lllustrated modalities for the Morphospecies
chosen descriptor to identify

Spipoll Report a problem # X

19 Des... History S ongueur des antennes

L

Longueur des > . .
antennes

La longueur des antennes se mesure d'une

extrémité 3 lautre. a2 b

Antennes de taille Antennes longues a

Antennes de taille moyenne

Forme des yeux Les antennes ne dépassent pas la longueur téte + thorax.
196 Remaining taxa (species, gro...
Z \ - P i -
° Type de coloration o Y. 20§ L'Abeille Ceratina noire (Ceratina
de I'abdomen ” f : cucurbitina)
L'Abeille coucou Epeloides (femelle)
(Epeoloides coecutiens)
s Type de coloration L o il L'Abeille mellifére (Apis mellifera)
du thorax akont B porioasoctnery ; - i ’
Les Abeilles a abdomen rouge (Sphecodes
ef autres)
Les Abeilles a culottes (Dasypoda)
Elargissement et . . = ; : ] 4 TRy 4
@ pilosité de la patte . % B AN Les Abeilles a thorax roux (Andrena

o i " : - 3 3 bt ln
postérieure s & ' i ¥ . 3 ‘ clarkella et autres)
g Les Abeilles Ceratina bleutées (Ceratina)

Les Abeilles coucou Melecta (Melecta)

;

Q ‘ _‘ Finish this identification




Taxonomic resolution of the visitor

morphospecies

160
|

120
I

Number of defined morphospecies

1234567 1234567 1234567 1234567
Coleoptera Diptera Hymenoptera Lepidoptera

Taxonomic resolution

1 = (a group of) species from different families
2 = a whole family

3 = several genera within family

4 = species from different genera

5 = agenus

6 = species from a genus

7 = a single species

« 630 morphospecies defined
* 46% of species stricto sensu

e Genus known for 70%



Semi-automatic plant identification with Pl@ntnet (since 2019)

(ol )

AL Flore manglighe = ==
i

2L Pl@nt\et

(next talk by Alexis Joly & Pierre Bonnet)
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Validation of flower visitors’ identification

’ ‘ &
gittaire06 - Spipoll

Black and yellow sawtflies IS proposed
by the participant.

Participants can comment / emit doubt. e

Entomologists of the OPIE validate 8~ Alexis Borges, Bruno Didier,,PascaI Dupont, Mat_hieu de
Flores, Serge Gadoum, Hervé Guyot, Samuel Jolivet,

each identification OPIE pierre zagatti.
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Flower visitors’ identification can be peer-validated since 2019

C @ 22
Time(of experts)-consuming (> 600 000 pictures)
+
Gains of entomological skills
+ Deguines ef al. 2018

Will to allow new ways of participating

(v LES TENTHREDES NOIR ET JAUNE (Tenthredo et autres)

e- cybelle

(%) LES TENTHREDES NOIR ET JAUNE (Tenthredo et autres)

@ calin01

*  Black and yellow sawtflies IS proposed
by the participant. (V) LES TENTHREDES NOIR ET JAUNE (Tenthredo et autres)

Va!idate & s CONSULTER

En attente de validation

« Participants can comment ~efat=eetHt

(S
)
« Entomologists of the OPIE validate 2%" > 95% of pictures are validated
each identification OPIE (by 3 peers)



Summing-up on the data obtained

© jtcth - Spipoll

Interactions of identified plant & visitors
+

GPS coordinates
+

sampling effort
+

date/time + weather conditions

= a«collection »

Sept. 2023 :
73 807 collections

1|.\

—_—

SPIPOLL

0]

0 100 200 km
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So far, published results fall into two topics

Responses of flower-visitors
to land-use changes
(mainly urbanisation)

e
— o

SPIPOLL

Consequences of participation
for volunteers

25



So far, published results fall into two topics

i

Responses of flower-visitors
to land-use changes
(mainly urbanisation)

SPIPOLL

Deguines ez al. 2018, Torres ef al. 2022, Bedessem e# al. 2023
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Uncovering the whereab

outs of flower visitors

2

SPIPOLL

Land-use affinit
B Urban

Agricultural

B Natural

[ |
0 100 200 km

* In which land-use are
found wild flower visitors?

« Are cities refuges?

d Cover

27



Variables but overall negative responses to urbanization

2
SPIPOLL °
L
Hymenoptera
i Urban tolerants
0 [ unknown r--------- :
10 ' -#‘\\ .
Urban land-use : #’M#H ! Urban exploiters
e O o mmmmm k- YLk fpes--
affinity ol *W _______ |
ol Urban all
avoider
....30_

Morphospecies

Deguines ef al. 2012



Variables but overall negative responses to urbanization

- ’
SPIPOLL »a
= ll \ IR
Diptera Hymenoptera Lepidoptera

30

Urban land-use ; H
_ H%J{ ?M““{ M b % H ' HHHM}M

Morphospecies
=) 42% of urban avoiders (2010 data; 60 morphospecies analyzed)

= 72% (2010-2022 - 235 )

Deguines ef al. 2012, Deguines ef al. In Prep



Constrating land-use preferences

among orders

Urban land-use Agricultural land-use

107 4 a b B a a b a
: 97
5 Y !
by ®
50_ ............................................... @i
=
[
.04 °
»

-
o
1

Deguines ef al. 2012



Constrating land-use preferences between common vs. infrequent taxa

® 31

Urban land-use

observed in more than 2% of collections
made in at least one land-use type

?7 ¢ Common

morphospecies
<} Infrequent

o
|

Affinity for...

|
O,
|

observed in less than 2% of the
collections made in each land-use type

_
o
1

Deguines ef al. 2012



Constrating land-use preferences between common vs. infrequent taxa

J 32

¢ Common
{> Infrequent

Urban land-use Agricultural land-use

o
|

Affinity for...

|
(&)
|

-
o
1

Deguines ef al. 2012



Characterizing preferences in the triple land-use gradient

(Semi)-natural
5" OAL

SPIPOLL

20%

==\ 70%

Urban

Desaegher ef al. 2023



Characterizing preferences in the triple land-use gradient

@ O 34
(Semi)-natural Predicted number
s o1 of morphospecies
— (in 20 min)
SPIPOLL "
6.9 U %o %
s O\ 7
+ other insects
6508

Total richness
6.0 decreases

I with urbanization
56

Urban

Desaegher ef al. 2023



Urban avoiders are floral resources specialists

® 35
Assemblage of
specialist species o
3.0 =
o o
o
2.9 -
ao o
% o o] o o ?
2 0 &6 ug%% o ° o o
Mean community : ﬂjo %5 ?
specialisation e o
1.5 -
.-'rr Jl
1.0 £ ¥ -
- % &3 SPIPOLL
Ao 5 °3 !
Moo a@ O o oo oo [ ] D 000
D.5 - | I I I [

Assemblage of generalist
species

0.0

0.2 0.4 0.6 0.8

Proportion of urban land-use
(within 1 km)

Deguines ef al. 2016
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On-going study on pesticide associations with wild flower visitors

Annual pesticide sales

Toxicity to honeybee,

(at ca. few city scale) + half-life, metabolites.

E%N\/(I@ DONNEES SUR LES VENTES ® ®
DN V&) s PPDB V.

TRACABILITE

(a)
-
— Rl o
Total hazard
ratio
Cocktail index ¥z | d
Cairo et al. 2023

Results soon!
(models are running
for ca. 20-40 species)

MINISTERE

: FFrRB o)
PPPIREC project ..*¢ #5 OFB b g
Fesiné

llllllllllllllll



Estimating temporal trends?

14 years of data (2010-2024)
over 660 000 plant-visitor interaction records
over 4 000 participants

.... but challenges remain:

¢ only a small core of long-term participants (3.7% participate more than 5 yrs)

¢ high turnover in participants (85% participate only one year)

Feasibility/precision needs to be assessed.
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Assessing changes in interaction networks?

TABLE 1 Commonly used netwaork indices
Received: 11 July 2019 Revised: 13 December 2019 Accepted: 20 December 2019 .
DOn 101007 /eced 8080 Index Matrix Nature of the index, per network Representation
Ecology and Evolution WILEY Nestadness
ORIGINAL RESEARCH E— NODF B Extent to which interactions of less-connected
BR B species form subsets of the interactions of
= 8 more-connected species
Influence of taxonomic resolution on mutualistic network w
properties WNODF w
Estelle Renaud | Emmanuelle Baudry | Carmen Bessa-Gomes
Connectance B Proportion of realized interactions among all High Low
. possible ones
« 41 plant-pollinator networks...
« downgraded at various lower taxonomic
reS O I u tl O n " Modularity W Extent to which interactions between pollinators
and plants are organized into delimited modules
“© . . .
the relative values of all indices are strongly
. . . 7
conserved at different taxonomic resolutions
Robustness B Speed at which plant taxa disappear as pollinator
taxa disappear
RenaU.d el d/. 2020 MNormalized degree B Connectance of each taxa (this is the only index
calculated per taxa and not per network)
Motif frequency B Frequency of each of the 17 kinds of motifs that 1 3 6 15
can link up to 5 taxa between them 2 6 6 14 14 41 42
X XN
1 5 13 13 40 40 39




Assessing changes in interaction networks?

Received: 11 July 2019 Revised: 13 December 2019 Accepted: 20 December 2019

DOI: 10.1002/ece3.6060

Ecology and Evolution
ORIGINAL RESEARCH oAt T, e WILEY

Influence of taxonomic resolution on mutualistic network
properties

Estelle Renaud | Emmanuelle Baudry | Carmen Bessa-Gomes

« 41 plant-pollinator networks...

« downgraded at various lower taxonomic
resolution.

‘the relative values of all indices are strongly
conserved at different taxonomic resolutions”

Renaud ez a/ 2020

SPIPOLL
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Building plant-visitor networks
(at Spipoll taxonomic resolution)
&
assessing changes along
environmental gradients?

(ecosystem functioning stability, ..

)



Expanding the Spipoll to European countries?

Longueur des antennes

W
& Biogeographical regions

fay * in Europe, 2016
- N oo
/ 1 Alpine .

I Anatolian extrémité  lautre
] Arctic y

Il Atlantic

[ Black Sea . [[—
Ml Boreal g6 ERdsmy
B Continental - |—
[] Macaronesia nersx
7] Mediterranean P e
B Pannonian postérieure
[ steppic

Outside data coverage

Vo xper

 France shares with Europe four widely
distributed biogeographical regions.

S -‘ A S0 1000 1500 km * Yet, given species changes, ID tool

| updates required prior expansion.
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Thank you for your attention. :
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Thanks to all Who 1

2 y contributed to the Spipoll

','j Thanks to participants

SPIPOLL

Suivi Photographique des
Insectes Pollinisateurs
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