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La phénologie
C’est l’étude de l’apparition et de la durée 

d’évènements du cycle de vie annuel d’organismes 
vivants
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Quelques exemples de 
phénologies

L’occupation 
saisonnière d’un lieu

Le temps de la phase 
de reproduction

Feuillaison, floraison, 
fructification
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Points communs :
- Utilisation d’une ressource (spatiale, nutritive…)
- Variation des interactions entre espèces
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La variation des phénologies comme réponse au 
changement global
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Sherry et al. 2007

à D’où viennent ces déplacements de 
phénologies ?

Plasticité Évolution

◉ Phénologies plus précoces (début d’année)
◉ Phénologies retardées (fin d’année)
◉ Emprunte cohérente / Vitesse différente

à Implication pour la communauté



Déterminisme abiotique des 
phénologies

◉ Photopériode (Hand et al. 2016)
◉ Température (Fantinou et al. 2004)
◉ Food  (Ridsdill-Smith et al. 2005)
◉ …
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Nutriments
Eau
…

Gènes

Phenologies

Début, durée et 
forme

Température

Photopériode



Déterminisme biotique des 
phénologies

◉ Mutualisme
◉ Compétition
◉ Relations trophiques
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Nutriments
Eau
…

Gènes

Phenologies

Début, durée et 
forme

Température

Photopériode

Interactions 
interspécifiques

(mutualisme,
compétition…)

Co-occurrence temporelle à interactions 
possibles 



Variation des conditions 
environnementales au cours 
de l’année
L’espace de niche écologique 
varie au cours de l’année et les 
espèces sont adaptées à un 
moment précis.

Comment expliquer la 
diversité des phénologies

Le partitionnement de la niche 
temporelle
Dans un contexte d’allocation
énergétique limitée, les 
espèces se partitionnent une
niche écologique (McArthur et 
Levins 1967)
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Les espèces de Shorea sont en competition pour les 
pollinisateurs

8

Appanah, S. (1985)

 234 S. APPANAH

 14/3 29/3 S. macroptera

 21/3 5/4 S. dasyphylla

 29/3 14/4 S. lepidota

 9/4 30/4 S. parvifolia

 18/4 10/5 S. acuminata

 3/5 28/5 S. leprosula

 Figure 6. Blooming times (day/month) of 6 Shorea species (section Mutica) in Pasoh Forest Reserve,
 Malaysia, March to May 1976 (adapted from Chan & Appanah 1980).

 Sequential flowering was much more clearly manifested in the dipterocarps

 such as closely allied Shorea species of section Mutica (Figure 6) (Chan &
 Appanah 1980). The first species in this section to flower during the 1976

 general flowering at Pasoh was S. macroptera Dyer, the last S. leprosula Miq.;

 and this sequence repeated itself during the 1981 general flowering. In another

 lowland forest at Sungai Tekam, although the flowering sequence of the inter-

 mediate Shorea species in section Mutica was not determined, the first species
 to bloom was also S. macroptera and the last S. leprosula.

 Staggering of blooming times by different tree species has been observed

 among neotropical trees (Frankie et al. 1976, Stiles 1975) and may have evolved

 in response to competition between plant species for a limited source of polli-
 nators (Heinrich & Raven 1972, Levin & Anderson 1970, Mosquin 1971,
 Straw 1972). Considering the level of competition for pollinators during a

 general flowering, the sequential flowering noted so tar among trees with close

 floral affinity may be a much more widespread phenomenon. Members of

 another group of Shorea, section Richetioides, also flowered in interspecific

 sequence at Pasoh (personal observation). Wood (1956) reported sequential
 flowering in Shorea of section Anthoshoreae, and I suspect that it also occurs

 among Apis-pollinated trees such as Pentaspadon, Koompassia, Scaphium and
 several others. It seems equally probable that bat- (Start 1974) and bird-
 pollinated tree species also stagger their flowering and thereby reduce pollina-

 tor competition.

 Fruiting and animals

 Heavy fruiting succeeded this outburst of flowering, resulting in the forest

 bearing a dense crop of fruits at every stratum. Fruit production seemed to

 peak some five months after initiation of general flowering, and the forest

 floor was carpeted with a tremendous quantity of diverse fruits and seeds. Out-

 side this period of superabundance, the forest appears parsimonious in terms of

 fruit availability. Raemaekers et al.'s survey (section A) supports such a con-

 tention (Figure 2).

 While flowering in sequence seemed to be prevalent among many trees,

 mature fruit fall, at least for the dipterocarps, is almost concurrent (Ashton

This content downloaded from 
            134.157.172.167 on Tue, 20 Oct 2020 16:01:19 UTC             

All use subject to https://about.jstor.org/terms

◉ Prédation à Synchronie
◉ Mututalisme à Partitionnement 



Durée de la phénologie, évolution et compromis : 
exemple de la floraison

9Percival, M. (2013). Floral biology. Elsevier.

Floral Longevity: Fitness Consequences and Resource Costs I 129 

genus, we randomly selected one species to represent the genus. Pollinator 
visitation was standardized among species by converting all data into the form 
"visits per flower per hour." Floral longevity was recorded in number of days 
and reflects realized flower lifetime (see the "Assumptions" section). Prior to 
correlation analysis, both variables were natural log-transformed. The correlation 
between floral longevity and pollinator visitation was negative and highly signifi-
cant (Fig. 5.4: r = -0.57, n = 39, P < 0.001), suggesting taxa that experience 
frequent pollinator visits have evolved shorter florallongevities relative to those 
that receive infrequent visitation. 

A more precise test of the model is possible when we attempt to use published 

r = -.57 - 26 
• P < .0001 
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Figure 5.4. Correlation between floral longevity and pollinator visitation rate. Each 
observation represents one genus (see text). Note that axes have been back-transformed. 
References for the specific points are as follows: 1, Motten (1982); 2, Whitten (1981); 
3, Stucky and Beckmann (1982); 4, de Jong and Klinkhamer (1991); 5, Nilsson (1992); 
6, Rodriguez-Robles et al. (1992); 7, Spira et al. (1992); 8, Armbruster and Steiner 
(1992); 9, Anderson and Beare (1993); 10, Mehrhoff (1983); 11, Sugden (1986); 12, 
Ashman et al. (1994); 13, Dieringer (1991); 14, Gregg (1991); 15, Heithaus et al. (1974); 
16, Beattie et al. (1973); 17, Schemske (1981); 18, Campbell and Motten (1985); 19-
22, Motten (1986); 23, Rathcke (1988); and Real and Rathcke (1991); 24, Laverty (1992); 
25, Motten (1986) and Laverty (1992); 26, Laverty (1992); and Ashman (unpublished); 
27-28, Jennersten and Kwak (1991); 29, Bullock et al. (1989); 30-31, Feinsinger et al. 
(1988); 32, Melampy (1987); 33, Ashman and Stanton (1991); 34, Campbell et al. (1991); 
35, Bertin (1982); 36, Silander and Primack (1978); 37, Schemske and Horvitz (1984); 
38, Jennersten and Morse (1991); 39, McDade (1986). 

◉ Floraison brève/ grande quantité de nectar à visite 
fréquente

◉ Floraison longue/ production lente et journalière à
visite rare

à Compromis durée et efficacité de l’exploitation 
des ressources



Le changement global perturbe le 
système
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Nutriments
Eau
…

Gènes

Phenologies
Début, durée et 

forme

Température

Photopériode

Interactions 
interspécifiques

(mutualisme,
Compétition…)◉ Montée des températures

◉ Redistribution des précipitations
◉ Modification de la distribution des nutriments

Changement plastique ou évolutif ? 

Hétérogénéité des indices à hétérogénéité des réponses ? 



La dépendance de la phénologie
à l’environnement (bio et abio) 
est héritable
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the region, the timing of growth of their
caterpillar prey has advanced while the phenol-
ogy of the birds has not (17). As a result, over
the past three decades, the laying dates of
female great tits have moved closer to the
peak in the caterpillar biomass, so that the
peak in demand for food for their offspring no

longer coincides with the peak in prey
availability (14, 17). Selection on the heritable
component of great tits_ plastic responses to
spring temperatures could act to reduce this
phenological mismatch (14).

We used information on laying dates for
833 females breeding in more than 1 year
between 1973 and 2004 to examine variation
among females in their laying date reaction
norms. A random-coefficients model of laying
dates (18) showed that after a warm spring, on
average, females began laying earlier than
they did after a cold spring (Table 1). We
found significant variation between females in
both their estimated laying date at the average
spring temperature Elikelihood ratio test
(LRT) 0 226.73, df 0 1, P G 0.001^ and the
magnitude of their response to spring temper-
ature (LRT 0 27.07, df 0 2, P G 0.001).
Females in this population lay early after a
warm spring, but the magnitude of this plastic
response varies between females (19). There
was a significant, positive correlation between
elevation and slope (r 0 0.40, LRT 0 15.41,
df 0 1, P G 0.001): Females that lay early in
the average environment are also the most
plastic females.

Significant genetic variation in a trait must
exist for there to be any response to selection
(20). We generated predictors for the two
components of each female_s reaction norm:
her laying date in the average environment
(elevation), and her change in laying date in
response to temperature (plasticity or slope)
(3). We used an Banimal model[ (21) to es-
timate the genetic component of phenotypic
variance in predictors of female elevation and
slope (18). We found that significant genetic
variation for laying date plasticity exists in the
Hoge Veluwe great tit population and that
laying date plasticity was significantly herita-
ble Eh2 0 0.30 T 0.14 (SE), z(G90) 0 2.21, P G
0.05 (Fig. 1A)^. Genetic variation and herita-
bility estimates for laying date elevation were

relatively high but were not significantly
greater than 0 Eh2 0 0.24 T 0.14, z(G90) 0
1.73, P 9 0.05 (Fig. 1B)^. However, the
genetic correlation between slope and eleva-
tion was highly positive and not significantly
different from 1 (rA 0 0.77 T 0.18, z(G1) 0 1.28,
P 9 0.05).

To investigate selection on laying date
plasticity across the study period, we measured
the relationship between a female_s lifetime
reproductive success (LRS) and predictors of
her laying date elevation and slope (18). There
was evidence for directional selection on both
reaction norm components, and there was no
evidence of stabilizing or correlated selection
(table S1). Females that laid earlier in the
average environment (low elevation) and re-
sponded more strongly to temperature (more
negative slope) had significantly more of their
offspring recruit into the population as breed-
ing adults (standardized selection gradients
for elevation and slope: –0.094 T 0.039 and
–0.085 T 0.039, respectively).

Over the study period, selection favoring
females that advance their laying dates strong-
ly in response to warm spring temperatures
increased (Fig. 2; slope ! cohort interaction:
F1,804 0 7.22, P G 0.01). It is clear from both
the fitted interaction (Fig. 2A) and the data
themselves (Fig. 2, B to D) that selection has
been strongest in the last two decades of the
study, during which time the phenological
mismatch with the peak in caterpillar biomass
first emerged and then increased (14). The
same pattern of changing selection over time
is observed on estimates of females_ laying
date elevation (table S2) (18).

It appears that the strong correlation
between females_ elevation and slope renders
these two components of their reaction norms
indistinguishable. Selection favored those
highly plastic females that also lay early on
average. How can we explain the correlation
between elevation and slope? Both plasticity

Fig. 1. Significant genetic variation exists for
laying date plasticity. The bar plots show ‘‘animal
model’’ estimates of residual and additive ge-
netic variance (gray) and heritability (white)
with SE bars for (A) laying date–spring temper-
ature slope and (B) laying date elevation. The
left y axis shows variance component values for
the gray bars; the right y axis shows predicted
heritabilities for the white bars. Asterisks above
bars indicate an estimate that is significantly
greater than 0 (*P G 0.05, ***P G 0.001).

Fig. 2. Selection on plasticity is increasing over time. (A) The fitted model for unstan-
dardized LRS (‘‘fitness’’) of female great tits. ‘‘Plasticity’’ is the predictor of a female’s laying
date–spring temperature slope; the predictors are centered on zero, so negative values
represent females that advance laying more strongly than average after a warm spring. The
surface plot is constrained by the linear predictions of the model (table S2); the range on
the plasticity axis represents the 25% to 75% quartiles of the raw data. (B to D) Plasticity
predictor quartiles were estimated across the entire study period; mean LRS values for each

quartile (with SE bars) are shown for females first breeding during the periods 1973 to 1982 (B), 1983 to 1992 (C), and 1993 to 2002 (D). Quartile 1
contains the most plastic females.

R E P O R T S

www.sciencemag.org SCIENCE VOL 310 14 OCTOBER 2005 305
Avance de la période de floraison (Brassica
rapa) héritable après stress de sécheresse en 

été (Franks 2007)

Évolution de la plasticité de la date de ponte 
en réponse à la stochasticité du débourrement 

(Nussey 2005)



Le sauvetage évolutif à 
travers l’évolution de la 
phénologie

Course

12Gomulkiewicz 1995

Changement

Adaptation

à Concept monospécifique



◉ Le sauvetage évolutif de l’une altère 
celui de l’autre par compétition 
(Johansson 2008)

Sauvetage évolutif et ses 
limites 

13

JACOB JOHANSSON

Figure 2. Evolution of a two-species coalition with directionally moving resource distribution. (A and B) Notation as in Figure 1. (C and
D) Population size of species 1 (black line) and species 2 (shaded line). Parameters: !" = 0.85, KM = 4719 (corresponding to n∗

1 = n∗
2 =

2500 at ESS for constant uM), (A,C) vM = 0.05 × 10−3 and (B,D) vM = 0.1 × 10−3.

goes extinct at a vM value five times lower than what a single
species could tolerate (Fig. 1A). Further, instead of just lagging
behind the maximum, the species converge to a state where one
of the species evolves ahead of and quite close to the maximum
whereas the other one lags behind far from the maximum. Here
I will try to disentangle the ecological and evolutionary mecha-
nisms responsible for these differences. For simplicity the species
that are favored by the approaching maximum is called species
1 and the disfavored species are called species 2 from this point
forward.

Figure 3A shows the symmetric two-species ESS for an un-
changing environment described above. When the resource distri-
bution starts to move the carrying capacity increases for species 1
and decreases for species 2. The immediate ecological response to
this change is a difference in equilibrium population sizes, which
is further amplified by interspecific competition (Fig. 2C). For
species 1 the decreased distance to the maximum reduces selec-
tion for higher carrying capacities (cf. eq. 8) at the same time
as the decreased population size of species 2 reduces the rela-
tive importance of selection to avoid interspecific competition.
For species 2, on the other hand, selection toward the maximum
increases with the growing distance (cf. eq. 8) whereas the in-
creased population size of species 1 increases interspecific com-
petition. For both species, the selective forces hence continue to
roughly balance each other even some time after the maximum
has started to move and results in a weak initial evolutionary re-
sponse by which species 2 starts to lag behind as shown by the
simulations in Figure 2. As the resource distribution continues

to move, however, selection on species 1 toward higher carrying
capacities will decline toward zero (cf. eq. 8). Even if reduced,
competition from species 2 will then generate the stronger se-
lection pressure and species 1 will evolve in the same direction
as the maximum moves. Species 2, which lags further and fur-
ther behind, will experience increasing selection for higher carry-
ing capacities and as a consequence eventually start to evolve
as well. If the resource distribution keeps a constant pace for
a long period of time, the two species will evolve in parallel,
with the maximum at approximately constant distances (Fig. 2A)
and form what in the following will be called a steady-state
configuration.

In a steady-state configuration for positive vM (Fig. 3C)
species 1 is relatively close to the resource maximum whereas
species 2 evolves at a larger distance (!u) compared to the ESS
of an unchanging environment (Fig. 3A). This situation is here
analyzed using adaptive dynamics with the adaptive rates, u̇1 and
u̇2, as functions of the trait values u1 and u2 from equation (5). Just
as above, I make a change of coordinates to relative rather than
absolute rates of evolution by introducing the parameters !u1 =
u1 – uM and !u2 = u2 – uM . A steady-state configuration can then
be found when the adaptive rates are equal relative to the moving
maximum, that is, when

u̇1 = u̇2 = vM (9)

or, equivalently,

˙!u1 = !̇u2 = 0. (10)

426 EVOLUTION FEBRUARY 2008



Recouvrement des 
phénologies et compétition 
chez les amphibiens

14

à Le recouvrement de la phénologie augmente 
pour 75% des paires d’espèces

à Augmentation de la compétition

à Altération du sauvetage évolutif 

Carter et al.  2018



“

Comment la compétition pour les ressources affecte 
la diversité dans le contexte du changement global ? 

15



Dispersion et colonisation
◉ Suivi de la niche climatique
◉ Déplacement vers le nord (Parmesan 2003)

◉ Difficultés d’estimation de la niche
◉ La vitesse de migration des espèces
◉ Nouvelles interactions interspécifiques
◉ Pas de prise en compte de la microévolution

Le modèle de niche et ses 
limites

16

Estimation des 
paramètres de 
niche: 
T, précipitation, 
sols…

Projection



“

Comment la micro-évolution se combine avec la 
dispersion et le suivi de la niche climatique? 

17
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Dynamique de population

𝑑𝑛!
𝑑𝑡

= 𝑛! 𝑅 𝜇! , 𝜎! −*
"#$

%

𝑛"𝐶 𝜇! , 𝜇" , 𝜎! , 𝜎" −𝑚

Croissance logistique de la population :

slope λ width

am
plitude  P

m
ax

t1/2 360-t1/2

σ

µ

a)

b)

c)

𝑅 𝜇, 𝜎 = -𝑚𝑖𝑛 𝑃 𝑥 , 𝑔 𝑥 𝑑𝑥

Taux de croissance par aquisition de 
ressources :

𝑔 𝑥 =
𝐺
𝜎2𝜋

𝑒
&'(
)*!

!
Phenologie (niche) d’un morphe :

Fenêtre environnementale :

𝑃 𝑥 =
𝑃+,&

1 + 𝑒- &'./$ '" ⁄# !



Les pertes

slope λ width

am
plitude  P

m
ax

t1/2 360-t1/2

σ

µ

a)

b)

c)

𝑅 𝜇, 𝜎 = -𝑚𝑖𝑛 𝑃 𝑥 , 𝑔 𝑥 𝑑𝑥

Sur-spétialisation

Sur-étalement 

𝑔 𝑥 =
𝐺
𝜎2𝜋

𝑒
&'(
)*!

!
Phenologie (niche) d’un morphe :



Compétition similarité dépendante
◉ Aire de recouvrement des deux 

phénologies (MacArthur & Levins
1964)

20

La compétition entre les 
phénologies

𝐶 𝜇! , 𝜇" , 𝜎! , 𝜎" = 𝐺)𝑒

' ($'(%
!

) 0$
!10%

!
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Processus de simulation de 
l’évolution

1.  Intégration	du	système	d’équations	
différentielles	(BDF_solve)	

	
2.  Suppression	des	morphes	aux	densités	sous	

le	seuil	d’introduction	des	mutants	
	
3.  Tirage	d’un	nombre	de	mutants	par	morphes	
	
4.  Introductions	de	mutants	avec	des	traits	tirés	

dans	une	loi	gaussienne	autour	de	la	valeur	
du	trait	d’origine	

		
	

1	 2	

3	et	4	

✗	



◉ Conditions de diversification à travers la date 𝜇
◉ Adaptation à l’abondance de ressources à travers l’étalement 𝜎
◉ Coévolution de la date et de l’étalement en environnement fixé
◉ Comparaisons des patterns des modèles aux phénologies observées 
◉ L’évolution dans le contexte du changement global
◉ Les lignées fondatrices de l’évolution post-changement
◉ L’interaction entre micro-évolution et dispersion

Plan de l’analyse

22



Conditions de diversification 
des phénologies

23

d)

! = 30

b)

! = 100

e)

a)

c)

f)

à Diversification possible si un 
partitionnement de la niche est possible 

𝑠 𝜇, 𝜇2, 𝜎, 𝜎 = 𝑅 𝜇2, 𝜎 − 𝑚 −
𝑅 𝜇, 𝜎 − 𝑚 ∗ 𝐶 𝜇, 𝜇2, 𝜎, 𝜎

𝐶 𝜇, 𝜇, 𝜎, 𝜎Fitness invasive : 

Branchement évolutif CSS



La richesse des stratégies dépend de la 
largeur de la fenêtre

24

d)

! = 30

b)

! = 100

e)

a)

c)

f)

à La richesse spécifique dépend de la 
largeur de la fenêtre. 



◉ Conditions de diversification à travers la date 𝜇
◉ Adaptation à l’abondance de ressources à travers l’étalement 𝜎
◉ Coévolution de la date et de l’étalement en environnement fixé
◉ Comparaisons des patterns des modèles aux phénologies observées 
◉ L’évolution dans le contexte du changement global
◉ Les lignées fondatrices de l’évolution post-changement
◉ L’interaction entre micro-évolution et dispersion

Plan de l’analyse
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L’étalement comme adaptation à la 
richesse de l’environnement

26

𝑠 𝜇, 𝜎, 𝜎2 = 𝑅 𝜇, 𝜎2 −𝑚 −
𝑅 𝜇, 𝜎 − 𝑚 ∗ 𝐶 𝜇, 𝜇, 𝜎, 𝜎2

𝐶 𝜇, 𝜇, 𝜎, 𝜎
= 𝑅 𝜇, 𝜎 2 − 𝑅 𝜇, 𝜎

d)

! = 30

b)

! = 100

e)

a)

c)

f)

𝜎∗ 𝜇 =
𝐺

2𝜋𝑃 𝜇

à Le taux de croissance est maximal quand les 
pertes liées à la sur-spécialisation sont minimales

à Pas de diversification possible

Fitness invasive : 

Singularité pour l’étalement : 

Qualité de l’environnement



◉ Conditions de diversification à travers la date 𝜇
◉ Adaptation à l’abondance de ressources à travers l’étalement 𝜎
◉ Coévolution de la date et de l’étalement en environnement fixé
◉ Comparaisons des patterns des modèles aux phénologies observées 
◉ L’évolution dans le contexte du changement global
◉ Les lignées fondatrices de l’évolution post-changement
◉ L’interaction entre micro-évolution et dispersion

Plan de l’analyse
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◉ Phénologies plus étalées en bordure de niche

◉ La richesse des stratégies dépend de la richesse 
de l’environnement

28

La coévolution de la date et de l’étalement



◉ Conditions de diversification à travers la date 𝜇
◉ Adaptation à l’abondance de ressources à travers l’étalement 𝜎
◉ Coévolution de la date et de l’étalement en environnement fixé
◉ Comparaisons des patterns des modèles aux phénologies observées 
◉ L’évolution dans le contexte du changement global
◉ Les lignées fondatrices de l’évolution post-changement
◉ L’interaction entre micro-évolution et dispersion

Plan de l’analyse
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Et les distributions empiriques des phénologies
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à Étalement dépendant de la fenêtre environnementale ?

à Étalement dépendant de la compétition ? 

CAMPAIGN_DOCS/LAND_BIO/AVHRR_News.html) and has stopped produ-
cing the dataset on a regular basis by September 2001. A new generation of sensors
like MODIS (launched onboard the TERRA satellite in 1999 and onboard the
AQUA satellite in 2002) can provide land surface data for this time period.

Figure 1. Pathfinder NDVI time-series (thin solid), Fourier adjusted with an unweighted
scheme (dotted), weighted after Sellers et al. (1996b) (dashed) and with the EFAI-
NDVI method discussed in this paper (thick solid). (a) Swiss Alps, (b) Finland, (c)
Norway, (d ) Finland, (e) north-west France, ( f ) Sicily, (g) Ireland, and (h) Sweden.

Plant phenology and climate from AVHRR data 3307
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31

Et les distributions empiriques des phénologies

à Étalement dépendant de la fenêtre environnementale ?

à Étalement dépendant de la compétition ? 

P−value = 0.0001207
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CAMPAIGN_DOCS/LAND_BIO/AVHRR_News.html) and has stopped produ-
cing the dataset on a regular basis by September 2001. A new generation of sensors
like MODIS (launched onboard the TERRA satellite in 1999 and onboard the
AQUA satellite in 2002) can provide land surface data for this time period.

Figure 1. Pathfinder NDVI time-series (thin solid), Fourier adjusted with an unweighted
scheme (dotted), weighted after Sellers et al. (1996b) (dashed) and with the EFAI-
NDVI method discussed in this paper (thick solid). (a) Swiss Alps, (b) Finland, (c)
Norway, (d ) Finland, (e) north-west France, ( f ) Sicily, (g) Ireland, and (h) Sweden.
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◉ Conditions de diversification à travers la date 𝜇
◉ Adaptation à l’abondance de ressources à travers l’étalement 𝜎
◉ Coévolution de la date et de l’étalement en environnement fixé
◉ Comparaisons des patterns des modèles aux phénologies observées 
◉ L’évolution dans le contexte du changement global
◉ Les lignées fondatrices de l’évolution post-changement
◉ L’interaction entre micro-évolution et dispersion

Plan de l’analyse
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Perturbation environnementale et évolution

spacing

depletion
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spacing

depletion
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c) d)
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g) h)

Beginning of the change

min

Changement de la fenêtre

Changement de la diversité

Évolution de la date moyenne 

◉ Sauvetage évolutif grâce à l’évolution de la date

◉ Étude de la variation maximale
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Et les distributions empiriques des phénologies
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à Plus le changement est rapide, plus les pertes 
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Contribution de la date et de l’étalement au sauvetage 
de la biodiversité

spacing

depletion

a) b)

c) d)
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Beginning of the change

min

à L’évolution de 𝜎 augmente la 
compétition entre les morphes. 

Riche Pauvre

à Effet interactif de l’évolution de 𝜇 et de 
𝜎 en environnement riche et effet 
majoritaire de 𝜇



◉ Conditions de diversification à travers la date 𝜇
◉ Adaptation à l’abondance de ressources à travers l’étalement 𝜎
◉ Coévolution de la date et de l’étalement en environnement fixé
◉ Comparaisons des patterns des modèles aux phénologies observées 
◉ L’évolution dans le contexte du changement global
◉ Les lignées fondatrices de l’évolution post-changement
◉ L’interaction entre micro-évolution et dispersion

Plan de l’analyse
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Quels sont les morphes fondateurs ?

◉ Les phénologies pré-adaptées fondent la 
diversité post-changement

◉ Plus le système est diversifié initialement, plus 
la part de morphes fondateurs est faible



◉ Conditions de diversification à travers la date 𝜇
◉ Adaptation à l’abondance de ressources à travers l’étalement 𝜎
◉ Coévolution de la date et de l’étalement en environnement fixé
◉ Comparaisons des patterns des modèles aux phénologies observées 
◉ L’évolution dans le contexte du changement global
◉ Les lignées fondatrices de l’évolution post-changement
◉ L’interaction entre micro-évolution et dispersion
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La coévolution des phénologies dans un espace 
hétérogène

à Plus grande homogénéisation 
avec la dispersion 

à Les morphes pré-adaptés gagnent la compétition 
contre les mutants pour des fortes dispersions

à Pour les faibles latitudes, le maintien dépend de 
l’adaptation des morphes existants

patch 1 patch 2 patch 3 patch 4 patch 5

Avant changement Après changement
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Emergence de la diversité de stratégies

◉ L’étalement de la phénologie reflète l’adaptation à l’abondance d’une ressource

◉ La partitionnement de niche permet de limiter la compétition dans le contexte 
d’un investissement énergétique limité

◉ Modéliser explicitement les processus physiologiques (croissance des fleurs, 
temps minimal de reproduction…) nuancerait la prédiction de partitionnement 
(Johansson & Bolmgreen, 2019)
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Adaptation au changement global

◉ Deux mécanismes adaptatifs : la date pour suivre les évolutions, l’étalement 
pour couvrir plus de conditions 

◉ Le changement des dates de foliation, floraison, frutaison est déjà largement 
rapporté (Sherry et al., 2007 )

◉ L’étalement augmente la compétition ce qui peut réduire la diversité d’une 
communauté (Johansson, 2007)
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Suivre sa niche climatique plutôt que s’adapter ?

◉ Pour une bonne connectivité, la dispersion joue un rôle dominant dans le 
sauvetage de la biodiversité

◉ L’évolution est prépondérante dans les zones sources (Norberg et al., 2012), seul 
certains extrémophiles pourraient survivre (Sinervo et al., 2010). 

◉ Les habitats fragmentés (îles, montagnes…) ne peuvent compter que sur 
l’évolution adaptative pour faire face au changements



Merci pour votre attention !
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