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Several organisation levels in ecology




Population

* Individuals of a same species that interbreed
and live a the same place at a same time.
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Community

* Populations of different species coexisting in a
habitat over a particular time, with
interactions affecting each other’s abundance,

distribution, adaptation and existence.
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Diversity

=>» Species richness

— Number of species in a community

=» Phylogenetic diversity

— Phylogenetic differences between species of a
community due to the evolutionary history of
species



Phylogenetic diversity
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Stability

* Temporal invariability of a component
— Abundance
— Biomass



Stability

Productivity

* Temporal invariability of a component

— Abundance
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Relationship

* Dependance between two variables (or two
human beings), with a significancy and an
estimated strength



Relationship

Dependance between two variables (or two
human beings), with a significancy and an
estimated strength

15



Relationship

Dependance between two variables (or two
human beings), with a significancy and an
estimated strength

« Cas’enva et carevient, c est falt d’un tout petit rien »
Claude Francois, 1973
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Diversity - stability relationship

Fluctuations of Animal Populations and a Measure of Community Stability
Author(s): Robert MacArthur
Source: Ecology, Vol. 36, No. 3 (Jul., 1955), pp. 533-536
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Diversity - stability relationship
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Diversity - stability relationship

An Empirical Evaluation of the Insurance Hypothesis in Diversity-Stability Models
Authoris) Thomas J. Valone and Micholas A. Barber
T Source: Ecology, Vol. 89, No. 2 (Feb., 2008), pp. 522-531
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Diversity - stability relationship
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Diversity - stability relationship

TERRESTRIAL SPECIES
DECLINED BY 39 PER
CENT BETWEEN 1970
AND 2010

THE LPI FRESHWATER
SPECIES SHOWS AN
AVERAGE DECLINE OF
76 PER CENT

MARINE SPECIES
DECLINED 39 PER CENT
BETWEEN 1970 AND
2010
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Diversity - stability relationship

Agriculture

Aquaculture

Climate Change

Forestry

Grazing
Industrial Development
Mining

Oil & Gas

Recreation

Transportation & Utility Corridors
Urban/Rural Development

Water Development

Alien Species

Species Mortality
Species Disturbance
Ecosystem Degradation
Ecosystem Conversion

Environmental
Contamination

4 6 8 10 12 14
RELATIVE WEIGHTING OF HUMAN ACTIVITIES
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Experimental studies

(Tilman et al., 2006)

Community stability
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Experimental studies
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Community stability
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Experimental studies

(Tilman et al., 2006)
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Population stability

Community stability
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Population stability

Community stability
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Population stability

(Tilman et al., 2006)

Community stability

population stability

Species richness
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Population stability

Community stability

TN

population stability

|

Species richness

N

Abundance VS biomass
Animals VS plants




Population synchrony

Community stability

B

population stability
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Population synchrony

* Correlation between temporal population’s
fluctuations



Population synchrony

* Correlation between temporal population’s
fluctuations

Species #1

Biomass

=»  Synchronous populations

Species #2

Biomass

Time



Population synchrony

* Correlation between temporal population’s
fluctuations

Species #1

Biomass

=»  Asynchronous populations

Species #2

Biomass

Time



Population synchrony

Biomass

Biomass

Biomass

Biomass

Species #1

Species #2
Time
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Population synchrony

Community stability

B

population stability

|

Species richness

Synchrony
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Population synchrony

Community stability

+

population stability

Qpecies richness

Synchrony




Population synchrony

Community stability

+

population stability

Qpecies richness

(Downing et al., 2014)
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Phylogenetic diversity

Community stability

population stability

Synchrony

Species richness

Phylogenetic diversity
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Phylogenetic diversity

Community stability

population stability

Synchrony

Species richness

Phylogenetic diversity

Community stability
Stability, p /o

00 05 10 15 20 25
Realized H,_,

Phylogenetic diversity

(Cadotte et al., 2012)

Functional Erology 2015, 29,615-626 daiz 10.1111/1365-2435.1 2432
Species richness, but not phylogenetic diversity,
influences community biomass production and

But temporal stability in a re-examination of 16 grassland
biodiversity studies

Patrick Venail*""'2 Kevin Gross®, Todd H. Oakley®, Anita Narwani'®, Eric Allan®,
Pedro Flombaum’, Forest Isbell®, Jasmin Joshi®'°, Peter B. Reich'"'?, David Tilman
Jasper van Ruijven'® and Bradley J. Cardinale’

13,14
s
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Phylogenetic diversity

Community stability

population stability

Synchrony

Species richness

Phylogenetic diversitD
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Experimental communities




Experimental communities

Controlled species richness
and
Random species assemblages



What happens in natural communities ?

Community stability

T

population stability Synchrony
Species richness Phylogenetic diversity




What drives this relationship ?

Community stability

T

population stability

[ ]

Species richness

VS

Synchrony

Phylogenetic diversity




Through which mechanisms ?

Community stability

T

population stability

Synchrony

?
? ?

Species richness

Phylogenetic diversity




What is the effect of environmental perturbations ?

Community stability

T

population stability Synchrony
Species richness Phylogenetic diversity
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Environmental perturbations




What is the effect of environmental perturbations ?

Community stability

T

population stability Synchrony

Species richness Phylogenetic diversity
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Environmental perturbations




Datasets

Highly replicated time series
=>» Lot of diversity levels
=» Wide environmental range

(http://vigienature.mnhn.fr/)
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=>» Lot of diversity levels
=» Wide environmental range Citizen science programs
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Datasets

Highly replicated time series
=>» Lot of diversity levels
=» Wide environmental range

STAC

SUIVI TEMPOREL DES OISEAUX COMMUNS

—
9 d Obseruatoire

\‘ de la Biodiversité
f} des Jardins

(http://vigienature.mnhn.fr/)

VIGIE

Citizen science programs
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Datasets

Highly replicated time series V] G| :
=>» Lot of diversity levels
=>» Wide environmental range Citizen science programs

STAC

SUIVI TEMPOREL DES OISEAUX COMMUNS

’V Obseruatoire

\‘ de la Biodiversité

Vigie-Chiro
” des Jardins Suivi des

chauves-souris
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Datasets
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- 269 communities - 131 communities - 162 communities
- 75 species - 14 species - 7 species

- 8 years > 7 years - 4 years

Annual survey
Same volunteer
Standardized protocol
Common species
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Datasets
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Birds Butterflies Bats

- 269 communities - 131 communities - 162 communities
- 75 species - 14 species - 7 species

- 8 years > 7 years - 4 years

Stability of community’s abundance



Stability measure

Community stability
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Stability measure

Community stability

11 1
CVpopulations \/g

CV

community

(Loreau & de Mazancourt, 2008; Thibault & Connolly, 2013)



Weighted mean population stability

1 1 1

Community stabilit = X—
Y y CVcommunity \/6

Weighted
population stability

cvi=—Y _ xcv

l

Iu community

(Loreau & de Mazancourt, 2008; Thibault & Connolly, 2013)



Synchrony index

1 1 |
CV

= = XD
community CVpopulations @

Community stability

Weighted Synchrony
population stability

2
UCOmmunity

o)

@

(Loreau & de Mazancourt, 2008; Thibault & Connolly, 2013)



Community composition

Community stability

Weighted

population stability

Total species
richness

Synchrony




Community composition

Community stability

Weighted Synchrony
population stability

Total species Weighted mean
richness phylogenetic distance




Weighted mean phylogenetic distance

¢ marshalli

m jurtina

b circe

p aegeria

¢ pamphilus

a paphia

i io

a urticae
v cardui

v atalanta

a crataegi

p machaon

i podalirius

m stellatarum
69



Weighted mean phylogenetic distance

¢ marshalli

b circe

¢ pamphilus

v cardui

v atalanta

p machaon

m stellatarum
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Weighted mean phylogenetic distance

¢ marshalli

b circe

¢ pamphilus

v cardui

v atalanta

p machaon

m stellatarum
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Weighted mean phylogenetic distance

¢ marshalli

b circe

¢ pamphilus

v cardui

v atalanta

p machaon

m stellatarum
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Community composition

Community stability

Weighted Synchrony
population stability

Total species Weighted mean
richness phylogenetic distance




Landscape perturbations

Urban area Arable lands Grasslands Woodlands
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Landscape perturbations

Urban area Arable lands Grasslands Woodlands

Birds Butterflies Bats

2km squares 1000m buffers 250m buffers
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Landscape perturbations

Urban area Arable lands Grasslands Woodlands

birds butterflies bats

- agriculture
urbain 9

foret agriculture
mo urbain

foret




Landscape perturbations

Community stability

Weighted

population stability

Synchrony

Total species
richness

Weighted mean

phylogenetic distance




Landscape perturbations

Community stability

Weighted Synchrony
population stability

Total species Weighted mean
richness phylogenetic distance
Landscape Landscape

gradient #1 gradient #2




Community stability

Community stability

Weighted Synchrony
population stability

Total species Weighted mean
richness phylogenetic distance
Landscape Landscape

gradient #1 gradient #2




Community dynamics level

Community stability

Weighted Synchrony
population stability

Total species Weighted mean
richness phylogenetic distance
Landscape Landscape

gradient #1 gradient #2




Community composition level

Community stability

Weighted Synchrony
population stability

Total species Weighted mean
richness phylogenetic distance

_/

Landscape Landscape
gradient #1 gradient #2




Environmental perturbations level

Community stability

Weighted

population stability

Synchrony

Total species

Weighted mean

richness

phylogenetic distance

—

Landscape Landscape
gradient #1 gradient #2




Path analysis

Community stability

T

Weighted Synchrony
population stability

Weighted mean
phylogenetic distance

Total species
richness

Landscape Landscape
gradient #1 gradient #2




Path analysis

Community stability Hypothesized relationships

Weighted synchrony /
population stability /

Weighted mean
phylogenetic distance

Total species
richness

Landscape Landscape
gradient #1 gradient #2




Path analysis

Community stability Hypothesized relationships

/ Synchrony ,

Weighted mean
phylogenetic distance

Weighted
population stability

Total species
richness

Landscape
gradient #1

Landscape
gradient #2

Standardized estimates



Results

Community stability

Weighted
population
stability

Synchrony

Total s Weighted mean
richne phylogenetic distance
Woodland + MO Arable

VS Urban area lands area




Results

Birds Butterflies Bats

Community stability Community stability

Community stability

Weighted il Weighted Weighted STRiE
population LA IECL) | population Synchrony population LA
stability stability stability
Total species \ Weighted mean Total species Weighted mean Total species \ Weighted mean
richness hylogenetic distance richne phylogenetic distance richness Wlogenetic distance
Urban Woodland + MO Woodland + MO Arable Woodland VS MO VS
area VS Arable lands VS Urban area lands area Urban area Arable lands
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Community composition level

Birds

Community stability

Butterflies

Community stability

Bats

Community stability

Weighted Uil Weighted Sk Weighted SaE
population AL AL population LA | population LA |
Stab"Vy Stab"% stability
Total species Weighted mean Total species Weighted mean Total species Weighted mean
richness phylogenetic distance richness phylogenetic distance richness phylogenetic distance
0.24 ns 0.16 0.12 0.20 0.08

=>» Positive effect of Species richness and phylogenetic distance on community stability
=>» Species richness effect > phylogenetic distance effect

88



Community composition level

Birds

Community stability

Butterflies

Community stability

Bats

Community stability

Weighted Uil Weighted Sk Weighted SaE
population AL AL population LA | population LA |
Stab”V' Stab”% stability
Total species Weighted mean Total species Weighted mean Total species Weighted mean
richness phylogenetic distance richness phylogenetic distance richness phylogenetic distance
0.24 ns 0.16 0.12 0.20 0.08

=>» Positive effect of Species richness and phylogenetic distance on community stability
=>» Species richness effect > phylogenetic distance effect

=>» Effects mostly mediated by changes in population synchrony
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Landscape perturbations level

Birds Butterflies Bats
Community stability Community stability Community stability
Weighted il Weighted Weighted STRiE
population AL AN § population Synchrony population L ALUISLL) §
stabM StabM Stabi“ty i |
Total species \ Weighted mean Total species Weighted mean Total species \ Weighted mean
richness hylogerjetic distance richne phylogenetic distance richness \pmllogenetic distance
Urban Woodland + MO Woodland + MO Arable Woodland VS MO VS
area VS Arable lands VS Urban area lands area Urban area Arable lands

=>» Effects of landscape perturbations are variable among taxa
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Landscape perturbations level

Birds

Community stability

Weighted SRk
population LALAUATL
StabM
Total species \ Weighted mean
richness hylogerjetic distance
Urban Woodland + MO
area VS Arable lands

=>» The increase of urban area and arable lands increases the weighted mean
phylogenetic distance

=>» The increase of arable lands increases the population’s synchrony

=>» The increase of arable lands decreases the weighted mean population’s
stability
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Landscape perturbations level

Butterflies

Community stability

Weighted
population
stability

Synchrony

Weighted mean
phylogenetic distance
N

Woodland + MO Arable
VS Urban area lands area

=>» The increase of urban area decreases the species richness and the
weighted mean population’s stability

=>» The increase of arable lands decreases the weighted mean phylogenetic
distance



Landscape perturbations level

Bats

Community stability

Weighted
o Synchrony

population
Stab%

Total species\\ Weighted mean
richness Wlogeneﬁc distance
Woodland VS MO VS
Urban area Arable lands

=>» The increase of arable lands decreases the weighted mean population’s
stability
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Landscape perturbations level

Birds Butterflies Bats
Community stability Community stability Community stability
Weighted Weighted Weighted
population Synchrony population Synchrony population Synchrony
sta bM StabM Stabi“ty i |
Total species \ Weighted mean Total species Weighted mean Total species \ Weighted mean
richness hylogerjetic distance richne phylogenetic distance richness \pmllogenetic distance
Urban Woodland + MO Woodland + MO Arable Woodland VS MO VS
area VS Arable lands VS Urban area lands area Urban area Arable lands
ns -0.14 -0.32 -0.04 ns -0.22

=>» Negative effects of landscape perturbations
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Landscape perturbations level

Birds

Community stability

Weighted
population
stability

Synchrony

Butterflies

Community stability

Weighted mean
hylogerjetic distance

Total speciek\

richness

Bats

Community stability

Urban Woodland + MO
area VS Arable lands
ns -0.14

Composition effect =0
Dynamic effect =-0.14

e e Synch Weed Synchron
population AL | population y y
stability stab%
Total species Weighted mean Total species A Weighted mean
richne phylogenetic distance richness Wlogeneﬁc distance
A \
Woodland + MO Arable Woodland VS MO VS
VS Urban area lands area Urban area Arable lands
-0.32 -0.04 ns -0.22

Composition effect =-0.11
Dynamic effect =-0.25

Composition effect =0
Dynamic effect =-0.22

=>» Negative effects of landscape perturbations
=» Perturbation affect community stability by impacting community composition and

community dynamic
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Take home message

- There is a positive diversity — stability relationship in natural
communities

— The population synchrony appears to be the main mechanism of
the diversity-stability relationship in natural communities
 Why is there no stronger effect of phylogenetic distance
among species?

- Environmental perturbations have a direct impact on community
dynamic, and in particular population stability
* Need for a better understanding of the determinants of the
mean — variance scaling of natural population densities



Perspectives

Community stability

Weighted Synchrony
population stability

Total species Weighted mean
richness phylogenetic distance




Perspectives

(Giraud et al., 2013)

Synchrony
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Perspectives
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Perspectives

Synchrony

—> Are groups of species showing synchrony
locally consistent across region?

— Can we identify bio-geographical regions
where groups of species are synchronous ?



Perspectives

Birds

Unweighted

population stability
T~

Population stability

Butterflies Bats

Unweighted
population stability

Unweighted
population stability

Total species
richness

Weighted mean
phylogenetic distance

1

Weighted mean

Total species richness

phylogenetic distance
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Perspectives

Population stability

log(SD)
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Perspectives

Population stability

- Which kind of species have their population
stability impacted by the species richness of
the community ?

- Is the impact of landscape perturbations on
population stability related to species’ relative
abundance or functional traits?



Thank you for your attention

« Je sers la science et c’est ma joie »

Basile Landouye, disciple de Léonard le Génie
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Butterfly data

—
9 d Obseruvatoire

\\ de la Biodiversité
Iz

des Jardins

Lycénes bleus

‘Taille 30-35 mm. Dessus des ails bleu chez le mile, et brun
sombre bordé de points oranges chez la femelle. Dessous brun
clair chez les deux, avec des points noirs cerclés de blanc, et
‘borde de points noirs et orange. Chenille  trfle, luzerne, ete.

0 mm. Male blane créme avee dew grosses taches
orange vif zu bout des zles avant. Femelle ressemblant aux
Piérides mais avec le dessous des ailes blane marbré de vert
Chenille - eruciferes sauvages (chous, carottes).

Demi-deuils
Taille 50-60 mum (femele un pe plus grande). Les ailes ont e

noires en aspect de damier
Chenille ées.

Gazé

Taille 60 mm. Les deux faces des aies sont identiques : blane
presque transhucide, avec des nervuxes noirs trés visibls.
Chenille - aubépine, prunellier

Piérides blanches
Taille 0-60 mum. Ailes blanches avec un ou deux points noirs
Vil

avant. Dessous blane jaunitre ave des nervures plus ou moins
‘marquées
Chenille - cruciferes sauvages et ultivees (chous, colza).

Citrons
Taille 0-60 mm. Uniformément jaune vif chez le mile et blane
tre femelle, I Dans I

sud, le mile du Citron de Provence porte une large tacke ofange
surfes ailes avant. Chenille - nerprun et bourdaine

Flambés

Taille 70-90 mm. Ailes jaune pale, avee 2ébrures noites. Ailes
aniére portant e longue queue noire terminée de blanc et des
‘margques bleutées en forme de demi-lune.

Machaons
Alles des

Ailes ariére prolongées par une queue ef bordées de plusieurs
taches bleues et d'une tache rouge orange.
Chenille - carotte, fenou.

Cuivré

Taille 25 mm. Ailes avant orange vf, avec des taches noires et
une bordure brune, et ailes amiére marton, bordées dorange vif.
Dessous identique mais en beaucoup plus pile.

Chenill - oseile, enoué.

Hespérides orangées
aille 25-30 mum. Petit papillon a corps trapu et aux ailes
orange, avee une fine bordure noire sux le bord.
nile - eraminées.

Procris

Taille 28-30 mum. Ailes orange marquées d'un petit ocelle noir
sur 'ale avant Dessous orange sur ls ailes avant, avee un ocelle
o, et gris sur les ailes ariére.

Chenille - graminées.

Amaryllis

‘Taille 35-45 rum (femelle plus grande). Dessus des ailes orangé
e bord, ant

‘parfos I long du corps, et un ocelle noi avec deux points blancs

sur 'sle avant. Chenille - graminées.

Belle-dame

Taille 60-65 mum. Dessus des ales orange avec des taches

‘noires. Bordure des ailes avant noire avec des taches blanches.
I , avee bel

et blanches. Ailes avant orange ponctuées de noir ct e blan,

‘comme sur le dessus. Chenille - chardon, ortc, etc

Petites tortues

et jaunes carat€isiques sur ale avant, t e bordue noite
ormée d taches leues. Dessous des ailes brun once.
Chenille - ortc.

- Abundance of 28 butterfly species and species
roups in private gardens

- Between March and October

-1 data per month of observation

—2Max number of individuals seen simultaneously
-2 Frequency of visits
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Butterfly data

131 residential gardens across France
Butterfly abundance in July
8 continuous years of observations

14 species




Bird data

T

SUIVI TEMPOREL DES OISEAUX COMMUNS

http://www.vigie-plume.fr/

4 Tirage aléatoire d'un
carré de 2 km?

Squares of 2km / 2km
Randomly selected
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Bird data

— 10 points / square
— Standardized habitat description

— Two observation events / year
(spring)

- 5 minutes (1h after the sunrise)

- Same place

- Same date

- Same volunteer



Bird data

269 squares
Mean abundance / year / square
8 continuous years of observations

/5 common species
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Bat data

\,

Vigie-Chiro

Suivi des chauves-souris

- Since 2006

— Survey by car

— Acoustic signals
- 2 times / year
—> 10 tracks of 2km

— 5 transects of 400m / track

http://vigienature.mnhn.fr/page/vigie-chiro



Bat data

162 transects
Mean abundance / year / transect
4 continuous years of observations

/ species




