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RÉSUMÉ
1
 

Alors que l'impact du changement climatique sur les différentes facettes de la 

biodiversité est maintenant largement documenté, les processus écologiques et évolutifs 

impliqués restent mal compris. En étudiant les liens écologiques entre la dynamique des 

espèces et celle des communautés, nous avons examiné les processus permettant de mieux 

comprendre la réponse des oiseaux au changement climatique. Grace aux données issues du 

Suivi Temporelle des Oiseaux Commun (STOC) Français, nous avons (1) montré que la 

tendance de la proportion relative des espèces à affinité « chaude » ou « froide » d'une 

communauté était étroitement coordonnée avec celle des températures printanières deux 

années auparavant.  Puis, nous avons (2) estimé les contributions des espèces à cette réponse 

de la communauté et proposé un moyen d’identifier les espèces dont la dynamique générale 

bénéficie ou souffre du changement climatique. Notre étude a aussi (3) mis en évidence que 

les espèces à faible dispersion natale, maximum thermique chaud et faible spécialisation  

avaient une réponse limitée au changement climatique par apport aux autres. 

Nos résultats suggèrent que la dynamique des communautés dépend de la façon dont 

des espèces à différents traits d'histoire de vie répondent ou subissent les changements 

climatiques. Cette étude permet d’aller au delà de ce constat en montrant quels traits 

spécifiques influencent les règles d'assemblage des communautés et en décrivant un lien entre 

les réponses des espèces et la dynamique de la communauté face au changement climatique. 

 

 

SUMMARY  

While the impact of climate change on the various facets of biological diversity is now 

extensively documented, the underlying processes at stake remain obscure. Bridging the gap 

between studies defined at community and species levels, we investigated bird responses to 

climate change within a novel flexible framework. Using data from a large scale and long 

term bird monitoring program, the French breeding bird survey, we (1) show that the balance 

between low and high temperature dwelling species in communities closely matched the 

spring temperatures and partially drive the community composition dynamics. Then, we (2) 

revealed the species contributions to this community response to identify species most likely 

to be positively and negatively affected by climate change. Our study (3) also brought 

evidences that species with low natal dispersal, warm thermal maximum and low 

specialization drove the community response.   

Our results suggest that community dynamics depend upon how species with differing 

life history traits track or endure climate changes. This study further shows what species’ 

specific traits might influence community assembly rules, providing a link between the 

responses of species and the dynamics of communities facing climate change.  

                                                 
1
 en vue de la mise en valeur des 5 mois de travail que représente ce rapport sous la forme d’une publication 

scientifique,  ce dernier a été rédigé en anglais. 
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1 INTRODUCTION 

Understanding how terrestrial biotic communities respond to environmental changes has 

always received strong focus from both within and outside the scientific community 

(Parmesan, 2006). In this respect, numerous biological responses to climate variations have 

been increasingly studied since the early XX
th

 century (Grinnell, 1917).  However, the rise of 

concerns about global-warming impacts on biodiversity has really started in the 1980
th

, and 

has propelled this issue as one of the most pressing of the 21st century in ecology and 

conservation. Beyond the long-lasting challenge of understanding species responses to 

climatic variations, recent human-induced global climate change (Karl & Trenberth, 2003) 

has therefore set a new agenda for ecologists, conservation biologists and policy makers. 

Only two decades after the recognition that global change (here defined as the 

combination of climate and land-use changes) may impact biological diversity (WWF, 1988), 

substantial ecological and evolutionary consequences on ecosystems have been documented 

on every biomes, every oceans, and in almost all major taxonomic groups (Walther et al., 

2002; Parmesan & Yohe, 2003; Parmesan, 2006). These incidences were investigated through 

numerous approaches and scales including the study of changes in spatial distributions 

(Hickling et al., 2006), abundances (Biro et al., 2007), phenologies (Sherry et al., 2007), at 

individual, population, species or community levels (Magurran & Dornelas, 2010; Bellard et 

al., 2012). A large body of literature has documented empirical evidences of climate change 

effects on biodiversity, up to consider this pressure as a major driving force of species 

declines and extinctions (Thomas et al., 2004; Sekercioglu et al., 2008). These studies not 

only concluded that almost all ecological systems were deeply affected by climate change in 

the present, but also that it will heavily drive the future of biodiversity (Sala, 2000).  

However, many of the ecological and macro-evolutionary drivers of biodiversity 

dynamics under climatic changes are still obscure (Condamine et al., 2013). Although they 

might be deeply involved in short-term responses of biodiversity, some crucial evolutionary 

processes (e.g micro-evolution, selection on plasticity)  have been overlooked until recently  

(Visser, 2008; Lavergne et al., 2010a), inflating uncertainty in predictive models (Buisson et 

al., 2010). Thus, deciphering the evolutionary, ecological and physiological processes 

underlying biodiversity responses to climate change remains challenging. One of the main 

challenges that climate change ecologists have to face lies in the segregation of the ecological 

levels considered. On the one hand, recent community-level approaches have produced  
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indices able to reflect pattern-changes in communities under current or future climate 

(Devictor et al., 2008; Lepš et al., 2011) and/or land-use changes ( Barnagaud et al., 2011; 

Kampichler et al., 2012). On the other hand, other studies have focused on species’ life 

history traits involved in fine species-specific responses such as changes in species behavior 

or phenology  (Both & Visser, 2005; Visser et al., 2011). Although complementary, each of 

these approaches is not sufficient to form an integrated framework to study global 

change impacts on biodiversity.  

Indeed, community-level approaches and diversity metrics most often ignore the 

variations in species’ sensitivity to environmental gradients and dynamics, casting some 

doubts on their ability to reflect environmentally-driven variations in  community composition 

driven by climate or land use changes (Kampichler et al., 2012). Instead of only reflecting 

changes in the diversity of species assemblages, particular metrics called Community 

Weighted Mean (Lepš et al., 2011) directly measure the change in the relative abundances of 

species with a particular trait of interest. For instance, Species Temperature Index (STI, as the 

average of temperatures within the species distribution range, see 2.4) is a simple proxy of 

species thermal optimum. Averaged for a given community, a Community Temperature Index 

can then reflect the relative community composition of species dependent on warm (i.e. those 

with high STI) versus cold (those with low STI) climate. One expects CTI to increase 

following climate change if species abundances are adjusted according to the species’ 

temperature requirement. Therefore, this Community Weighted Mean can mirror how 

communities respond to climate change (Devictor et al., 2008, 2012; Godet et al., 2011; 

Barnagaud et al., 2013), and seems more relevant than diversity metrics to quantify whether 

and how fast the composition of bird communities are coping with climate changes. 

However, this simple approach has left substantial questions unexplored. First, the 

reversibility of change in community composition under climate change has hardly been 

explored. To our knowledge, previous studies have always considered linear dynamics of the 

CTI, therefore one ignores whether the observed change in community composition is 

reversible (Lennon et al., 2004). Second, they are weakened by their inability to consider 

interspecific and intraspecific variances to these changes (Julliard et al., 2003; Hickling et al., 

2006), which is important in regards of conservation outlooks (Violle et al., 2012). Moreover, 

this approach does not allow understanding of the adaptive processes involved. It has been 

shown that the trend in CTI closely followed temperature change, but at a lower rate  
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than expected from a perfect adjustment of community composition to climate change 

(Bertrand et al., 2011). This mismatch was interpreted as a climatic debt, i.e. as if some 

species were not able to cope with the velocity of climate change (Devictor et al., 2008). But 

this “debt” can alternatively result from a true lag in species dynamics or from highly tolerant 

species to temperature changes that simply don’t need to track climate change. Although very 

informative, the large body of literature providing species-specific studies or experimental 

investigations on local populations (for a review, see Visser et al., 2011) also fails to explain 

such patterns observed at the community level. Overall, studying global change impacts on 

ecological systems is still a dilemma: community approaches mask individual species 

responses, while whether and how species level responses are translated to community 

dynamics is hardly considered.  

Bridging the gap between species and community-oriented studies therefore seems to be an 

essential step to shed new lights on the processes underlying species and community 

dynamics in face of global changes (Levine, 2000). Disentangling the species contribution to 

the observed community response to a given pressure should allow us to test key ecological 

assumptions of ecological, evolutionary and conservation perspectives. For instance, species 

more able to cope with climate change than others should exhibit good survival and dispersal. 

Therefore, these species should contribute more than others to the turnover of communities 

driven by climate. A few works recently deal with the link between community and species 

scale (e.g., Bonthoux et al., 2013). But to our knowledge, only Davey et al. (2013) have 

explicitly explored this issue in revealing species-specific contributions to bird community 

dynamics under climate change. In this study, we use a standardize protocol monitoring the 

long term (between 1989 and 2012) and large spatial trends of bird communities’ assemblages 

in France to address three main objectives:     

(1) We explore the temporal variations of Community Temperature Index over the last 

24 years (1989-2012). We predict that CTIs of French common bird communities’ 

underwent substantial trend in the 24 last years, closely matching the trend in spring 

temperature during the same period (Lindström et al., 2012). Most studies have focused 

on the impact of increasing temperature rather than on its fluctuations. Here, we also 

test whether the observed change in CTI corresponds to a continuous and long-term 

directional response of the community composition or whether it is a reversible short-

term response. To our knowledge, this is the first attempt to quantify the reversibility of 

change in large scale community composition along a mid-term fluctuating temperature 

period. 
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(2) We estimate each individual species contribution to the Community Temperature 

Index trends and relate these contributions to the species-long term trends. We 

predict some species to contribute more than others to the change in community 

composition measured by the CTI. When coupled with their own temporal trends we 

expect to identify species most likely to “suffer” (declining species with high 

contribution to the trend in CTI) or to “benefit” (increasing species with high 

contribution to the trend in CTI) from climate change at the national scale. We argue 

this second point to be of relevant conservation interest. 

 

(3) We explicitly test predictions related to the eco-evolutionary processes involved in 

bird responses to climate changes. In relating species response to climate changes to 

species-specific traits, we expect species with higher dispersal abilities such as natal 

dispersion (Jiguet et al., 2007; Visser, 2008), greater plasticity in habitat requirements 

(Barnagaud et al., 2011; Mantyka-pringle et al., 2012) and warmer thermal maximum to 

contribute even more than others (Parmesan & Yohe, 2003; Jiguet et al., 2010). These 

three relationships are indeed expected following previous work on the selection of 

dispersion (Visser, 2008) in metapopulation (Cobben et al., 2012) and ecological niche 

theory (Wiens et al., 2009). In line with other previous works conducted on birds 

(Julliard et al., 2003; Jiguet et al., 2007), we try to assess whether a combination of 

traits can help us to delineate a syndrome of sensitivity to climate change.  

   

Bird monitoring surveys are especially suited to address these objectives, due to their 

high resolution and long term extent (Kerr et al., 2007), but also because they allow 

simultaneous investigations of species and community patterns on the same data. Such broad 

scale monitoring programs are widely used to assess spatial and temporal trends in 

biodiversity (Yoccoz et al., 2001) and the data used here currently contribute to the 

development of French (Jiguet et al., 2012) and pan-European biodiversity indicators 

(Gregory et al., 2005). 

 

 Linking community (objective 1 above) and species levels (objective 2 and 3) represents 

a new conceptual and methodological challenge of our work that has never been deeply 

explored. 

 



   

  

Map 1.  
Geographical distributions of the 4418 sites monitored by the French Breeding  Bird Survey 
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2 MATERIAL & METHODS 

2.1 BIRD DATA 

We used data from the French Breeding Bird Survey (FBBS), a monitoring program in 

which volunteer skilled ornithologists count birds following a standardized protocol at the 

same site, year after year since 1989 (Jiguet et al., 2012). 

Species abundances were recorded on inside 2km*2km squares whose centroids were 

located within a 10km radius around a locality specified by the volunteer (Map 1). To 

improve the representation of the diversity of habitats countrywide (Veech et al., 2012), 

squares were randomly placed within the 10km buffer after 2001, hence separating two 

protocols (1989-2000, 2001-onwards). We assumed that global temporal trend of the CTI is 

not sensitive to this change in the sampling design because species’ STI is only weakly related 

to the habitat requirement of species (Barnagaud et al., 2012). On each site, volunteers carried 

out 10 point counts (5min each, separated by at least 300m) twice per spring within three 

weeks around the pivotal date of May 8
th

 to ensure the detection of both early and late 

breeders. The maximum count per point for the two spring sessions was retained as an 

indication of point-level species abundance. Counts must be repeated at approximately the 

same date between years (± 7 days) and at dawn (within 1–4h after sunrise) by a unique 

observer.  

Between 1989 and 2012, a total of 242075 birds were counted on 4418 sites (Map 1) 

surveyed over an average 3 (± 5) years ± SE. These represent 130017 point counts and more 

than 10835 hours of effective field work. We analyzed data for the 114 bird species 

representing 99% of the total abundance. All these information and the protocol (in French) 

can be found on a dedicated website, at http://www.vigienature.mnhn.fr/page/le-suivi-

temporel-des-oiseaux-communs-stoc . 

 

2.2 BIRD TRAITS 

2.2.1 ECOLOGICAL TRAITS 

(1) Species Specialization Index (SSI), is defined for each species as the coefficient of 

variation of the species’ abundance in 18 different habitat classes using counts data from 2001 

to 2004 (Julliard et al., 2006). This index assumes that the more abundant a species is in 

certain habitat classes with respect to the other classes, the more specialized (i.e, higher SSI) 

it is. It has been proposed as a robust habitat specialization metric for birds that indirectly 

http://www.vigienature.mnhn.fr/page/le-suivi-temporel-des-oiseaux-communs-stoc
http://www.vigienature.mnhn.fr/page/le-suivi-temporel-des-oiseaux-communs-stoc
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integrates numerous life history traits, and valuably used with the FBBS dataset (Julliard et 

al., 2006; Barnagaud et al., 2011). 

(2) Thermal maximum (in °C), as the mean of local spring/summer monthly average 

temperatures for the warmest 50 breeding grid cells in Europe (from Jiguet et al., 2007). 

Therefore species with high Thermal maximum are more able to live under warmer climate. 

This value has been shown to predict the resilience of birds to extreme temperatures when 

studying wave event (Jiguet et al., 2006). 

(3) Main habitat type, as farmland, woodland or artificialized land for habitat specialists, and 

a fourth category for habitat generalists, assessed from the same data as the SSI. 

 

2.2.2 DISPERSAL ABILITIES 

 (4) Postnatal dispersal distances (in 10km units, log transformed), estimated from birds 

ringed as pulli and recovered later as breeding adults (from Jiguet et al., 2007). 

(5) Navigation, as the ratio between wingspan and length of the body. This index is higher for 

good flyers (e.g some raptors). 

(6) Migration, as a binary assessment of seasonal migratory behavior.  

 

2.2.3 BREEDING ECOLOGY AND DEMOGRAPHIC TRAITS OF SPECIES 

(7) Average body mass (in grams, log-transformed), estimated from the French ringing 

database. 

(8) Generation time (in years) as the average age of first breeding, (from 1 to 4 years old). 

(9) Annual fecundity, as the product of average clutch size and average number of broods 

per year. 

(10) Nest location, as on the ground or in a tree/bush. 

2.3 TEMPERATURES DATA 

We used the CRUTEM4 database (Jones et al., 2012) to calculate the average Spring 

Temperature Anomalies in France. For each year, the average Spring Temperature Anomaly 

was calculated as the mean temperature anomalies of April to July over the 5°*5° grid box 

covering French continental territory (details on www.cru.uea.ac.uk/cru/data/temperature/ .) 

 

  

http://www.cru.uea.ac.uk/cru/data/temperature/
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2.4 SPECIES AND COMMUNITY TEMPERATURE INDEX 

Species Thermal Index (STI, expressed in °C; Devictor et al., 2008) is an integrative 

species characteristic representing the thermal preference of each bird species. It corresponds 

to the average temperature experienced by a species across its geographic range during the 

breeding season. STI values were computed from 0.5°*0.5° temperature grids (April–July 

averages for the period 1950–2000; Worldclim data base, http://www.worldclim.org) coupled 

with species’ Western Palaearctic distributions at a 0.5° resolution from EBCC atlas of 

European breeding birds (Hagemeijer & Blair, 1997). STI values were then used to compute 

the Community Temperature Index for each community sampled in each square of the FBBS. 

Community Temperature Index (CTI, expressed in °C; Devictor et al., 2008) is a “Community 

Weighted Mean” index representing the average of specie’s STIs weighted by their 

abundances. It reflects the relative composition of hot-dwellers (high STI) and cold-dwellers 

(low STI) species. For a given community, the CTI is expected to increase following 

temperature increase if species adjust their abundances according to the corresponding change 

in temperature. For each BBS point, the CTI was computed by averaging the STIs of species 

(i) recorded at a given site (s) for a given year (y), weighted by their respective abundances 

(Abi,y,s):   

       

               
    

   

        
    

   

 

In any biodiversity survey, true abundances are most often not accessible. Indeed, 

observed abundances result from the process of counting individuals and the probability to 

detect these individuals. This bias can really represent a matter of concern when it is linked 

with the specific prediction tested. In our particular case, we are confident that this is not a 

particular issue. Indeed, our analyses were limited to the 114 most abundant species and 

contacts recorded at more than 50m. Then, comparison of analyses based on abundance-

weighted and unweighted CTI does not reveal that species’ detectability substantially affects 

the results (Barnagaud et al., 2013).Finally, to produce noteworthy bias, detectability must be 

linked to the species’ STI, or change along the 24years. However it is unlikely that species 

detectability was linked to their distribution range and that the skills of ornithologists to detect 

the French common species did not substantially changed over the last quarter century.  

  

http://www.worldclim.org/
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2.5 STATISTICAL ANALYSIS 

2.5.1 OVERALL CTI TEMPORAL TREND 

To address our first objective, we used linear mixed effects models (Bates, 2005; Zuur 

et al., 2009) to determine the global temporal trend in CTI over the 24 years of survey. The 

response variable was the site-level CTI (n=4418), regressed over years expressed as a 

continuous variable (n=24, 1989-2012). As a certain amount of uncontrolled variability 

between sites (observers, habitat, regional species pool, and bioclimatic region) adds noise on 

analysis, we test whether allowing for the random variation of the intercept and/or slope of 

each site could improve the relative model’s goodness of fit (likelyhood ratio test, Bolker et 

al., 2009). We also tested whether adding a spatial (spherical function) and/or temporal (1
st
 

order autoregressive function) structure to the errors could improve the model.  

We fitted all possible combination of structure-error correlation with a maximum 

likelihood estimator, and selected the best combination on the basis of AICc weights (Zuur et 

al., 2009).  

 

CTIy,s=  +  *YEAR + as + bs*YEARs + εy,s 

εs =  

    
   
 
    

  ~ N(0,s);   s =   

 
   
    
    

 

     

 
 
 

     
 
 
 

 

     
 
 
 

  ;  a  ~ N(0,s²); b  ~ N(0,y²) 

 

 

This model provided us with a general linear trend in CTI () reflecting the change in 

community composition linearly associated with climate change over the 24 years period. We 

then performed identical models including 2
nd

 and 3
rd

 polynomial term for YEAR to describe 

yearly changes in the CTI dynamics over the monitored period.  

We further tested for lagged temperature effects, by relating CTI estimates to 

temperature one to three years earlier (year y, year y-1, year y-2, year y-3). We performed one 

independent linear model for each lag and ranked them on the basis of their Akaike’s 

Information Criterion adjusted for small samples (AICc; Burnham & Anderson, 2002,). We 

considered that the average of all models differing by less than 2 AICc units was the best 

trade-off between complexity and parsimony in fixed effects model structure given our data. 

Wald chi-square test was also used on the linear model including the three variables (year y, 

year y-1, year y-2, year y-3) to check for significance of the chosen variables.  



   

FIGURE1. The three instances that can be distinguished by a Time Lag Analysis, from (Collins et al., 2000a) 

(1) Positive signifcative slope. Directional change on community composition 

 

 
 

 

 
(2) Bell shaped curve. Directional change phase and recovery phase.  

 
 

 

 

 
(3) Non signifcative slope. No directional change despite year to year fluctuation in composition  
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2.5.2 TIME-LAG ANALYSIS  

In our first objective, we also wanted to study the reversibility of the turnover of the 

bird communities. To do so, we used a distance-based approach names Time-Lag Analysis 

(TLA). The analytical approach of TLA is to give a measure of the rate and nature of 

community change by regressing community dissimilarity over increasing time lags (Collins 

et al., 2000a). This analysis has been valuably applied to study the temporal dynamics of 

various communities in vertebrates (Thibault et al., 2004; Pfister, 2006; Kampichler et al., 

2012b). To perform TLA, all abundance data are first recompiled according to the Hellinger 

transformation as proposed by Legendre & Gallagher (2001), Nij=sqrt(Nij/∑N+j), where Nij is 

the population size of species i in year j, and ∑N+j is the sum of individuals across all species 

in year j. This transformation allows direct comparison of community, independently of their 

species richness and the abundance of their constituent species (Legendre & Gallagher, 2001; 

Kampichler et al., 2012a). Collins et al., (2000b) depict three situations that can be 

distinguished by TLA (see Figure 1).  

(1) The slope of the regression line of dissimilarity on lag is significant and positive: 

the community is undergoing directional change. 

(2) The regression line is significant and negative: the community is undergoing a 

convergent dynamics of the community, i.e., the community returns to an earlier state in the 

time series such as following perturbation or other cyclical behavior. 

(3) The slope of the regression line is not significantly different from zero: species 

composition is governed by white noise dynamics or composed of species with constant 

abundance.  

The TLA was particularly appropriate to test whether communities were reversible in a 

fluctuating climate. Since a time series of n years yields (n
2
-n)/2 distance values, the number 

of degrees of freedom n the regression is heavily inflated and the data points are not 

independent, which prohibits the determination of statistical significance based on the 

variance. Therefore, significance of slope was assessed by a bootstrap sample, and determined 

the error probability p by dividing the number of random slopes that were steeper than the 

observed slope by the number of permutations (1000 permutations). In order to assess 

whether there is a breakpoint in the slope which may indicate a reverse of community 

dynamics towards previous state, we performed a segmented regression analysis (segmented 

R library (Muggeo, 2008) ) which fit contiguous regression segments to different Time Lag 

intervals (Muggeo, 2003). To test whether successive slopes are significantly different around 

the estimated breakpoint, the conditions for validity of standard statistical tests are not  
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satisfied. The segmented library so use the Davies test to estimate the statistical significativity 

of the test.  

A first analysis reveals that CTI and spring temperature had reversal trend whose 

tipping point was 2007 (Figure 2). To further tests whether the shift in CTI dynamics after 

2007 corresponded to a recovery of the community composition we applied the TLA to pairs 

of communities surrounding 2007. If communities are able to recover their initial composition 

after a shift in temperature, we expected to show that communities “before” and “after” 2007 

separated by x years were more similar than any other pairs of communities separated by x 

years but not surrounding 2007.  

 

2.5.3 REGIME SHIFT DETECTION TEST  

Finally, to complete our first objective, we aimed at testing whether a regime shift 

(generally defined as a rapid reorganization of ecosystems from one relatively stable state to 

another) method could detect a simultaneous change in CTI and spring Temperature. To do 

this, we performed the regime shift detection method developed by (Rodionov, 2004) which 

test highlights tipping points (each year) in time series. This approach have been valuably and 

intensely used in marine ecosystems (Rodionov & Overland, 2005; Daskalov et al., 2007).  

2.5.4 SPECIES POPULATION STATUS 

Our second objective consists in identifying species that are likely to “suffer” or, 

alternatively “benefit” from climate change. To do so we determined the global temporal 

trends of species populations over the 24 years of survey by performing separate Generalized 

Linear Mixed effects Models for each species (Bolker et al., 2009), assuming that species’ 

abundance were Poisson distributed and related to years through a log link. The species’ 

population linear trend is summarized by the slope estimate which represents the annual 

growth rate of the population.  

2.5.5 SPECIES CONTRIBUTION TO COMMUNITY RESPONSE 

We then assessed individual species contributions to the observed change in CTI as a 

way to diagnostic species specific sensitivity to climate change. To do so, we applied a 

Jackknife-inspired analysis design in which the species contribution of the observed change in 

CTI is estimated. After removing one species from the data set, we recalculated the CTI for 

each year per site, and re-ran the model previously presented (see 2.5.1). We then calculated  
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the relative contribution of this focused species as the percentage difference between the 

“global community” model coefficient and the “community minus focused species” 

coefficient. This scheme was followed for each species of the data-set, thus allowing us to 

estimate each species contribution to the global community response.  

A positive difference indicated a species contributing more than the average to the 

community trend, and conversely. Species contributions result from two different 

components: a pure abundance effect and true interesting ecological effects. Indeed, as CTI 

represents the average of species STIs weighted by their abundances, more abundant species 

are simply expected to contribute even more than others. This part of the contribution can be 

considered as a “abundance effect” that tells little about the link between species ability to 

respond to climate change and species traits. We calculate the contribution of species CTI by 

testing against a null model in which the abundance variations are randomly distributed 

between species. To do so, we randomly reshuffled 1000 times each species’ abundance 

column of in the dataset and re-applied our Jackknife-inspired design to estimate the expected 

contribution of each species produced by the abundance effect. Thus, we considered as “true” 

contribution the difference between “observed contribution” and the average “abundance 

effect contribution”.  

2.5.6 LINKING SPECIES CONTRIBUTION WITH TRAITS 

Our third objective was to test the relationships between species contributions and 

their traits. To do so, we used linear models in which CTI-contribution was regressed over 

each bird trait variable alone (type I error). These tests were performed on all species but also 

repeated for the pool of species effectively contributing to the change in CTI. This allowed us 

to allocate more weight to strong contribution value, and thus enables detection of links 

driven by these strong contributions. 

Beyond univariate approaches, we expected species vulnerability to climate change to 

result from a trait syndrome (i.e. involving a combination of multiple traits). To identify such 

a possibility, we had to account for the fact that many bird-trait variables are correlated, so 

that multiple regression methods may generate spurious results due to multicollinearity 

(MacNally, 2002). In order to identify the meaningful predictor variables we first define for 

the best predictive model in the basis of their AICc. We fitted all possible fixed effect 

structures nested within maximum model i.e including all bird traits variables and ranking 

them on the basis AICc). We considered that the average of all models differing by less than 2 

AICc units was the best possible fixed effects model structure given our data. 



   

  

FIGURE 2. Temporal trend of CTI and Spring temperature Anomalies from 1989 to 2012.  

A : Temperature temporal trend. Black Lines represent mean Spring temperature anomalies of each year, black curve represenst linear 

trend estimates ± SE (brown fill) from Linear Model. B : CTI temporal Trend. Point-range represents CTI values ± SE, black curve 

represents linear trend estimates ± SE (blue fill) from the Linear Mixed effect Model.. C : Rodionov’s Regime Shift Detection test for 

CTI (blue) and Temperature (Brown) Trend 
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Secondly, we performed a hierarchical variance partitioning analysis in order to compute 

independent contributions of each bird variable accounting for correlation between these 

variables. While criterion-like approaches are useful for locating the best single functional 

model, hierarchical partitioning offers the great advantage of considering the whole web of 

relationships between predictor variables as an ensemble (MacNally, 2000). For each bird 

trait,  randomization method was used (with 1000 simulations) to assess the statistical 

significance of the independent effect of each predictor variable (MacNally, 2000).  

3 RESULTS 

3.1 CTI AND TEMPERATURE TRENDS 
 

We found that the average spring temperatures have globally increased by + 0.96°C 

during the whole duration of the FBBS. However, this general increase masks a two step 

fluctuation. The average spring Temperature Anomalies in France was best described by a 3
rd

 

degree polynomial function (Temp. ~ 1.18 + 1.6*Year - 0.35*Year2 - 0.92*Year3, p-value < 

0.001) showing a global increase over the period considered, and distinguishing an increase 

period (~1990 to 2005) followed by a decrease ( ~2005 to 2012) of the spring temperature 

during the last six years (Figure 2, A).  

CTI of the French breeding bird community increased significantly on an average 

0.00203 °C ± 0.00086 SE.y-1. This represents an increase of 0.048 CTI units (in °C) between 

1989 and 2012 and indicates a relative enrichment of species with hotter breeding ranges in 

local communities. When considering non linear relationship between CTI and Year, the 

fitted curve allowing 3
rd

 degree polynomial function (see figure 2.B, Slope ± SE : Year effect 

= 0.15±0.032; Year
2
 effect = -0.09±0.0012; Year3 effect = -0.03±0.007 ) reveals a reversal of 

the trend from 2006-2007 , with a CTI increasing in an accelerating rate between 1995 and 

2007 and decreasing since 2007. Thus, the trend in CTI is remarkably similarly to the trend in 

temperature which suggests that the change in CTI actually reflects a response of community 

dynamics to temperature changes (Figure 2, B) 

This visual similarity is confirmed using Rodionov regime shift detection method, 

which detected a significant and simultaneous shift for temperature and CTI around 2003. 

Figure 2,C).  

 

 



   

FIGURE 3. Time Lag Analysis 

Hellinger Distance of each pairs of community was regressed over root-squared 

Time Lag (√ years).Segmented linear model significantly distincts a first (green 

filled) slope and a second (red filled) separated in a break point of 3.29±0.2356 √ 

years. Pairs of community of the 2002-2012 period (blue points) always present 

shorter Hellinger distance than any other pairs of community (brown points)  

FIGURE 4. Time Lag Analysis 

 

A:Hellinger Distance of each 

pairs of community was 

regressed over root-squared 

Time Lag (√ years). Pairs of 

community around “Before-

After” 2007 period (2002-

2012blue points) always present 

shorter Hellinger distance than 

any other pairs of community 

(“control”, yellow points) on the 

sames lags. 

 

B: boxplot of Hellinger distance 

of groups “Before-After” and 

“Control”. Welch two sample t-

test performed attest significant 

difference between groups. 
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TABLE 1. Results for Year lag test  

 Selection of models relating CTI estimates to time lag (0,1,2 or 3) . For model selection based on AICc, four independent linear models 

were performed. We also performed Wald Chi-square test on the model including the four variables (Analysis of Deviance Table) 

Additionally, according to the best model based on AICc value and Wald chi-square, 

the CTI in a given year was best predicted by the temperature two years earlier. (Table 1.) 

 

 

 

3.2 TIME LAG ANALYSIS 

The analysis of the slope in TLA indicates whether the community is shifting towards a 

given composition (negative slope), diverging from an initial composition (positive slope) or 

fluctuating (null slope) (see Figure 1). Applied to the French avifauna during the 24 years 

considered, the TLA significantly distinguishes two slopes (Davies’ test, n = 10, p-value < 

2.10
-16

) (see figure 2.). The first slope shows a significant increase (Slope 1 +/- se = 0.08 +/- 

0.007, p-val <2.10-16). The second slope shows non-significant and weaker increase (Slope 2 

+/- se = 0.01 +/- 0.018, p-val = 0.153), indicating a substantial directional change followed 

by a stochastic fluctuation in species composition (Figure 3). 

The TLA shows that for each given lag (2 years lag, 4 years lag, 6 years lag, 8 years 

lag,10 years lag), the distance between the pairs of communities surrounding 2007 (“before-

after”, 2000 to 2012) were significantly lower (Welch Two Sample t-test, p-value = 0.0003) 

than any other (“control”) (Figure 4). This weaker difference shows a partial return of 

communities to their initial state (before 2007). This recovery is only partial because within 

“before-after” pairs of communities, dissimilarity continues to increase with time lags, ruling 

out the possibility of a total recovery of the community.  

 

To summarize these first results, we were able to show that the French avifauna 

strongly responded to changes in temperature with a two years lag. A finer description 

of the change in community composition (TLA) even suggests that after a recent 

temperature decrease from 2007, communities were able to recover, albeit only 

partially, their initial composition. 

Models         Model selection table    Analysis of Deviance Table 

Variable Estimate Std. Error t value df logLik AICc delta weight Chisq Df Pr(>Chisq) 

Temp y  0.0056 0.0025 2.2 4 1145.2 -2282.4 25.05 0 0.4441 1 0.5052 

 Temp y-1 0.0035 0.0033 1.1 4 1143.2 -2278.5 28.93 0 0.7087 1 0.3999 

 Temp y-2 0.0637 0.0116 5.5 4 1157.7 -2307.4 0 1 19.91 1 < 0.0001 *** 

Temp y-3 0.0045 0.0026 1.7 4 1144.1 -2280.3 27.17 0 0.1617 1 0.6876 

 



   

FIGURE 5. Percent of Species Contributions to the CTI trend between 1989 and 2012. 

Each contribution corresponds to the difference between the observed value and the abundance-effect value. Green bars 

correspond to species with positive contributions and red bars species with negative contributions 

FIGURE 6. Species contributions and populations long term trends. 

X axis display species according to their contribution to CTI trend, Y axis display species according to their Annual Population 

growth rate between 1989 and 2012 (i.e their long term trend)  
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3.3 SPECIES CONTRIBUTIONS 

We found that most species had little effect on the CTI trend (88/114 species contribute 

less than ±5% to the overall trend), and a small number of species leaded the observed change 

in CTI (6/114 species contribute more than ±10% to the trend). Especially, a group of 3 

species (Columba palumbus, Cardualis carduelis, Carduelis cannabina) exhibit stark 

negative influence on the temporal trend of CTI (Figure 5).  

 

3.3.1 SPECIES CONTRIBUTIONS AND SPECIES POPULATION STATUS 

The annual population growth rate of birds appears weakly related the percent of 

contribution to the CTI trend (linear model: p-value = 0.098, R
2 

= 0.015).  

 

By browsing through the Figure 6, one can discern four different instances :  

(1) Species showing positive contribution to CTI change and positive growth rate, 

such as Larus ridibundus, Bulbucus ibis, Cygnus olor, Coccothraustes coccothraustes 

(2) Species showing positive contribution to CTI change and negative growth rate, 

such as Anthus pratensis, Larus argentatus, Emberiza citrinella 

(3) Species showing negative contribution to CTI change and positive growth rate, 

such as Columba palumbus 

(4) Species showing negative contribution to CTI change and negative growth rate, 

such as Carduelis carduelis, Carduelis cannabina, Streptopelia turtur, Loxia curvirostra, 

Emberiza schoeniclus 

 

Larus ridibundus exhibits both the highest growth population rate and strongest positive 

contribution to the community response. (Figure 6).  

 

 

 

 

 

 

 

 

 



   

FIGURE 7. Hierarchical Variance partitioning 

The percent of variance independently (green) or jointly (orange) explained by each variables considered in this study. 

Table 2. Linear Models relating contribution to Community Temperature Index trend to species traits of 114 common bird 

species in France. 

 All variables were tested alone. Grey filled and Bold numbers cells are significant probabilities at 5% risk (P<0.05), Light grey 

filled cells are significant at 10% risk (P<10%) 

¤Effect of Migration behavior 

  
Linear Model 

 
  Variable Slope Slope SE P-value R2 

      
Ecological 

traits 

SSI 1.8766 0.8981 0.0389 0.029 
Thermal max. -0.9648 0.5742 0.0966 0.021 

Habitat. _ _ 0.6697 -0.02 

  
  

   

Dispersal 
abilities 

Natal dispersal dist 0.14831 0.05248 0.00621 0.093 
Navigation 2.696 5.158 0.602 -0.01 
Migration¤ -0.7076 1.2146 0.561 -0.01 

  
  

   

Life History 
traits 

Bodymass -0.2341 0.3412 0.494 -0 
Generation time -0.3518 1.4204 0.805 -0.01 

Anuual fecondity 0.06127 0.11619 0.599 -0.01 
Nest Position _ _ 0.5774 -0.01 
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Table 3. Results of model averaging. 

Rel.Imp is the relative importance of each 

variable within the averaged model. It is 

calculated as the sum of variable AICc in the 

models in which variable occurs 

3.3.2 SPECIES CONTRIBUTIONS AND SPECIES TRAITS 

When tested alone (type I error), how various measures of the species-specific traits 

were related to the species contributions to community response. Only SSI and Natal 

Dispersal distance were significantly related to contribution gradient and captured in 

themselves a large amount of variance (respectively 15.8% and 9.3%) (Table 2). 

The averaged model (Table 3) which best predicted CTI contributions primarily 

included Natal dispersal and Thermal maximum with a relative variable importance (i.e, the 

sum of the AIC weights across models including the variable, Burnham & Anderson, 2002b) 

of 1, followed by SSI (relative importance = 0.36 ), and Migration (relative importance = 

0.19 ). Only Thermal maximum and Species Specialization Index show significant effect in 

this model. 

 

 

 

 

 

 

Habitat preference had the highest independent effects among bird traits (82%), followed 

by Natal Dispersal distance (30%) and Species Specialization Index (- 29%), Thermal 

maximum and Migration had low independent effect on the explained variance (respectively 

4.25% and - 4.92%) (Figure 7). MacNally’s randomization method does not detect any 

statistical significance of independent effects.  

These results accordingly show that the species contribution to CTI dynamic was 

positively influenced by Natal Dispersion Distance and Species Specialization Index, 

whereas the Thermal maximum had negative effect on CTI contributions.  

However, statistical significance of these effects when tested alone was not robust to 

hierarchical partitioning. Overall, these results suggest that while some traits have better 

explanatory powers than others (SSI, Natal dispersal and, Thermal maximum) to describe 

variations among species contributions to the change in CTI, these contributions are best 

described as resulting from a multiple combination of traits. 

  

Model averaged coefficients 
 

Variable Slope SE z value P-val Rel. Imp. 

Natal disp. dist. 2.01 1.82 1.11 0.27 1 

Thermal max. -3.13 1.45 -2.16 0.03 1 

SSI 4.01 1.69 2.37 0.02 0.36 

Migration¤ -1.18 1.65 0.70 0.48 0.19 
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4 DISCUSSION  

The general objective of this work was to link species to community level dynamics in 

order to investigate several aspects of biodiversity responses to recent climate changes. 

Accordingly, we have documented that (1) changes in community dynamics closely matched 

changes in temperature with a two year delay, and (2) a consistent temperature decrease was 

closely followed by a partial “recovery” of community composition. By linking community to 

species levels, we showed that (3) a few species were driving the community response to 

climate change, but (4) their contributions were not substantially linked with their long-term 

trends. However, this analysis could help to distinguish species that probably “suffer” from 

those that probably “benefit” from climate change. Finally, we brought evidences reporting 

that (5) a few species-specific characteristics influenced climate-driven community change, 

although they are difficult to isolate from the contribution of a combination of multiple traits. 

4.1 COMMUNITY-SCALE DYNAMICS   

Concomitantly with the overall temperature rise, we expected the relative abundance of 

species with warm thermal range to increase at the expense of species with cold ones. Over 

the 24 years of global warming period, we indeed documented a general increase of the CTI.  

Previous studies exploring CTI temporal trends (e.g Devictor et al., 2008, 2012; Godet et al., 

2011) already reported such dynamics with a linear increase in temperature and CTI. But 

these studies had left open the question of the temporal match between the two trends. 

Lindström et al. (2012) recently addressed this issue in showing that Swedish bird 

communities responded to summer temperature with a lag of 1 to 3 years. Thanks to the 

recent decrease in spring temperature, our results have confirmed, quantified, and refined 

these findings.  

Indeed our results suggest that warmer spring probably allow species with high STI to 

increase their short-term reproductive success, (but also possibly their between-year survival 

and local recruitment in coming years) (Julliard et al., 2004; Jiguet et al., 2006). The 

generation time of the majority of common birds (~2years, Jiguet et al., 2007) related to these 

demographic processes could explain the 2-years delay between temperature and CTI 

dynamics found at the community level: higher temperature at year t favor species with high 

STI this year, leading to higher reproductive output of these species at a year t+2. We also 

revealed that French breeding bird communities underwent directional change in community 
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composition during the period considered. However, the Time Lag Analysis also documented 

a phase of partial recovery since 2007 (Figure 4). A look at the trend of Community 

Specialization Index (CSI, another Community Weighted Mean based on SSI (2.2.1) which 

reflects the composition of communities focused on habitat specialization) is in line with the 

results previously presented. We found a linear and constant decrease in CSI (Slope ± se = - 

0.003 ± 0.0004, p-value = 2.10
-9

, Appendix A) in the French avifauna, revealing that 

generalist species tend to replace specialist species in local communities and, contrary to the 

CSI, didn’t show any tipping point around 2007. 

Whereas the decrease in spring temperature from about 2007 drove a recovery phase in 

community composition, the same communities are still homogenizing as a result of the 

relative increase in generalist species. These antagonistic effects might explain a partial 

recovery of community, driven by generalist species following the decrease in temperature 

while other bird species are not sensitive to temperature decrease, and/or are too affected by 

land use change to recover their initial abundance. Therefore the CTI and CSI trends seem to 

complementarily explain the dynamic of species turnover of the French common bird 

community.  

Various studies have explored species responses to global change through population 

growth rate (Jiguet et al., 2007), when others were focused on land use (Barnagaud et al., 

2011) or climate (Jiguet et al., 2010) change, but were unable to fully explain the divergent 

responses of species due to climate or land use change. Further developments of our approach 

could help to distinguish which species appear to be most affected by changes in temperature 

and/or land use and why. We indeed began to identify species restoring their abundance 

patterns simultaneously to CTI, whereas others don’t.   

4.2 SPECIES-SCALE RESPONSES 

Our second and third objectives were to link interspecific variability in community 

response to species-specific dynamics and traits.  

First, our results revealed strong divergences of response among species, which 

suggested differential abilities to cope with increase of temperature.  This variability predicts 

that species assemblages under hotter climate will not be analogue to any current associations 

(Le Roux & McGeoch, 2008). In this context, it seems particularly difficult to predict the 

ecological responses of future communities compositions (Williams & Jackson, 2007). 

 Secondly, we brought evidences that species contributions to community response were 

not substantially linked to the long-term trend of their population. In this regards, the figure 6  
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appears as a way to map species responses to climate change and their population status. For 

instance, in the right bottom of the map (2) 41 species contributing to the community response 

also exhibited decreasing long-term trends. We here showed that even if species were able to 

cope with increase in temperature, they did not manage to adapt enough to global changes. 

Splitting the plot on the x and y axis, we were able to distinguish species that respond to 

climate change (i.e drive the community response) and (1) are probably favored by global 

change (i.e exhibits positive long-term population trend, e.g Larius ridibundus, upper right) 

or (2) suffer from climate change (i.e exhibits negative long-term population trend, lower 

right, Larus argentatus , Anthus pratensis). Other species lagging behind community 

response are probably (3) favored by global change (upper left, e.g Columba palumbus) or 

(4) suffer from climate change (lower left, Carduelis carduelis, Carduelis cannabina).  

Various assumptions could explain this case and are described further (see 4.3). 

 

Third, we have depicted a best combination of traits (Natal Dispersal, Species 

Specialization Index, Thermal maximum) able to predict the species contributions to the CTI 

dynamics. However, these significant effects were mostly drove by a group of six species 

exhibiting strong negative contribution values (Figure 5). So, we must take some care with 

the predictions and conclusions issued as they only consist in a small fraction of the common 

bird community. 

The positive effect of natal dispersal on species contribution was consistent with our 

prediction and with the general assumption that species with larger ability to shift their 

distribution range are more likely to track brutals environmental changes (Jiguet et al., 2007a; 

le Roux & McGeoch, 2008). Within Northern Hemisphere, northward range shifts due to 

climate warming have been largely documented (Parmesan & Yohe, 2003) and  rationally 

predict that current immigrants into breeding populations originate from southern ones. 

Hence, dispersal may lead to more genetic variation and brought Southern birds genotypes 

that are better adapted to warmer conditions into a local breeding population (Visser, 2008). 

These mechanisms are known to speed up adaptation rate (Garant et al., 2007), and could 

increase the benefit for these species.  

Beyond direct dispersal abilities, a large body of literature assessed that in such 

expanding fronts, colonization success are concomitantly determined by reproduction and 

survival (Angert et al., 2011) in newly colonized habitats. Hence, generalists species might be 

more likely to expand into new regions under climate change (Julliard et al., 2004; Angert et  
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al., 2011). Our results did not show however that generalist birds were particularly driving the 

community response in face of climate change. In fact, species with low contribution were all 

generalist species (SSI < 1, see Appendix B,1 ). The vast majority of studies leads about the 

specific responses of biodiversity to climate have only focused on the dynamic of colonization 

front (Angert et al., 2011). Our approach is very different, since CTI dynamic is not only 

driven by expanding range edges but more by the centre of the shifting range, were specific 

abundances are the highest. Only a few theoretical studies (Cobben et al., 2012) have 

documented the differential response between the center and the edge of distribution range. 

Thanks to their higher tolerance (Gilchrist, 1995), we could hypothesize that generalists 

species do not need to track temperature increases in their core range, whereas specialists do. 

We previously discussed about the enhanced adaptation rate to temperature induced by south-

north gene flow among populations. Moreover, the ongoing habitat homogenization mainly 

affects specialists birds population trends (Jiguet et al., 2007) and gene flow (Alonso et al., 

2013), further reducing their adaptability and resilience face to climate change. In this way, 

one could argue that specialist species are facing a threefold pressure (loss of habitat, lower 

thermal tolerance, reduced adaptive abilities), requiring such species to shift their center of 

distribution range more intensely than the generalists. 

In the same vein, birds with low thermal maximum are often regarded as unable to 

shift their distribution northward (Hickling et al., 2006), and to be less tolerant to climate 

warming regardless of the thermal range over which these species occur (Julliard et al., 2003; 

Jiguet et al., 2010). Once again, our results are inconsistent with this assumption, and instead 

suggest that species lagging behind community response are not characterized by low thermal 

maximum, but warm ones (~20-22 °C, see Appendix B, 2). As specialists do, species with 

lower thermal optimum might be more affected by increase in temperature, and therefore 

would have a greater need to shift their center of distribution range. 

Unlike ecological traits and dispersal abilities, none of the other tested life history 

traits were able to predict species contribution to the change in CTI. Because they are subject 

to evolutionary trade-offs, life-history traits define different biodemographic strategies. In this 

way, one could expect that R strategists (small Body mass and Generation time, high Anuual 

fecundity) should be advantaged in a context of rapid changing environment (Kamo et al., 

2011). Yet, previous studies conducted on the French common bird community did not detect 

any strong relation between life history traits and species trends (Julliard et al., 2003; Jiguet et 

al., 2007), which could be due to the high adaptive phenotypic plasticity, actually described in 

some common birds (e.g Parus major, Charmantier et al., 2008). 
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4.3 COMMUNITY, SPECIES CONTRIBUTIONS AND POPULATION 

Devictor et al., (2008) suggested that the response of European Birds community was 

not strong enough to spatially track climate change.  By depicting which species respond to 

climate change and which species are actually most likely to “suffer” from climate change, we 

made a step further and possibly identified the birds responsible for this community-scale debt 

to climate change. However, it is likely that both climate and land-use change are contributing 

to the dynamics of species, and that temperature is not necessarily the major driver to be 

considered (Kampichler et al., 2012). A deeper analysis is therefore needed to better estimate 

the relative influence of climate and land-use on each species. Using a detailed map of land-

use changes, we could assess whether and how part of our results can be better explained by 

the interplay of climate and land-use changes taken together. 

 

Encompassing the results provided by the traits of species and population dynamics, 

we might define new directions to disentangle the differential mechanisms driven by climate 

or land use change. The decrease in species population in face of global changes was 

explained by low spatial shift abilities, themselves probably associated with habitat 

specialization and upper border range (Julliard et al., 2003; Jiguet et al., 2007). These 

predictions must be further explored. Indeed, species with cold thermal maxima are more 

suffering from climate change because of low tolerance to higher temperature and lower 

adaptation abilities. Even when responding as the community does, they might fail to follow 

their optimal conditions and reduce the debt of climate warming. So, this resulting poor 

adaptation to current temperature could lead to the observed decline in their population. 

Recent studies have demonstrated that habitat and climatic niches are inter-related, and 

unlikely to change independently  ( Barnagaud et al., 2012). In this regard, specialist should 

be unable to colonize warmer latitudes because of their habitat requirements (Wilson et al., 

2007). Our results rather support the idea that specialist species affected by land use changes 

respond more to climate change when they have the ability to disperse. This prediction is 

consistent with the temporal mismatches between community responses to changes in 

temperature (CTI) and land use change (CSI, see Appendix A).  
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4.4 CONCLUSION: LIMITS, MESSAGES AND OUTLOOKS 

Bridging the gap from community to species scale remains difficult. Our deep mining 

in CTI dynamic reveals that only a few species actually drive the community response, solely 

due to their intrinsic abundance and deviation from STI. However, beyond this apparent bias, 

one could also consider that this abundance effect has an ecological meaning. Indeed, more 

abundant species are often those that are mostly involved in ecosystem functioning (Gaston & 

Fuller, 2008). Second, species with low abundance generally had low expected contribution, 

so the corrected values are still somewhat affected by this intrinsic bias. This is valid for all 

community weighted means widely used to describe community dynamics focused on a 

particular trait. This lead to question to what extent a community weighted mean is 

representative of a community response ? As the use of such indicators seems to increase 

since the last years (multiplied by 5 in 20 years, webofknowledge.com), we argue that further 

explorations are needed to understand which components of the community drive the 

observed responses.  

Beyond these limits, combination of community and species-level approaches was 

successful in showing which species were contributing to the observed changes in species 

composition and to loop these contributions with the species-specific trends and traits. 

Therefore, our study suggests that community dynamics depend upon how species with 

differing life history traits track or endure climate changes and contribute to community 

assembly rules. However, understanding birds responses to climate change need further 

exploration. We so propose the following agenda for future studies to confirm and improve 

our work: 

First, Kampichler et al., (2012) have shown that the interaction between climate and 

land use changes differs between habitats, with sometimes totally different dynamics. We 

could expect the pattern observed at national scale to represent an interplay of local and 

regional  processes were climate or land use are sequentially the major drivers of community 

dynamics. Here, we have proposed a strict temporal study. Considering both the spatial and 

temporal distribution of these dynamics is very promising. Using the same analysis 

framework, one could contrast spatial patterns of variability in the CTI trend and detects 

regions more or less sensitive to global warming. Then, we could accurately reveal  
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which species respond to climate and/or land use change and where. This next step will 

provide interesting outlooks for the conservation of natural habitats. 

Second, we need to clarify whether specialization and dispersal abilities can limit local 

adaptation. To explore our predictions, we propose to investigate the population divergence of 

two common avian species which have many similarities in life history traits (clutch size, life-

span, pair bonds, parental care), but differences in dispersal abilities and specialization along 

sharp thermal gradient (an increase of > 6°C can be represented in an altitudinal gradient from 

300m to 1300m). Within this experimental design, the temporal measures of fitness (i.e 

reproductive success, survival rate, nb. of fledglings) and gene flow across increasing 

temperature should inform us about the true effects of these traits on the population trends and 

on the response of birds to climate warming. 

Our macro-scale and data-analysis approach allows strong predictions on the 

differential processes shaping community composition and species response in the context of 

climate change. However, evolutionary ecology cannot dispense with theoretical, 

physiological and experimental ecology to test these predictions on specific cases. The use of 

integrated-multidisciplinarity represents a prerequisite for attempting accurate forecasts of 

global changes impacts on biodiversity (Lavergne et al., 2010; Schurr et al., 2012; Thuiller et 

al., 2013). 
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APPENDIX B. Species contributions and traits 

1. Natal Dispersal Distance (log 10km) regressed over CTI contributions. 
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APPENDIX B. Species contributions and traits 

A. Species Specialization Index regressed over CTI contributions 

B. Natal Dispersal Distance regressed over CTI contributions.  

C. Thermal Maximum regressed over CTI contributions.  

 

APPENDIX A. CSI temporal Trend.  

Point range represent CSI values ± SE, black curve represent linear trend estimates ± SE (blue fill) from the Linear Mixed effect 

Model. 

 



   

APPENDIX B. Species contributions and traits 

2. Species Specialization Index regressed over CTI contributions 

3. Thermal Maximum (°C) regressed over CTI contributions. 

 

 

 

 


