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Background l Aim l Methods l Results l Conclusions!

Trees and understory vegetation have shown 
strong biotic changes since the 1970s!

Observed changes in population dynamics over time:!

Region! Elevation a.s.l.!

Diameter (DBH)! Tree species!

Ø  Tree mortality rates are increasing (van Mantgem et al., 2009)!



 Map: www.euforgen.org, Photo: en.wikipedia.org/wiki/Fagus_sylvatica!Background l Aim l Methods l Results l Conclusions!

Trees and understory vegetation have shown 
strong biotic changes since the 1970s!

Observed changes in population dynamics over time:!
Ø  Percentages of crown defoliation at the southern range limit of 

European trees are increasing (Carnicer et al., 2011)!

Fagus sylvatica!



 Map: Woodlall (2009), Photo: en.wikipedia.org/wiki/Magnolia_virginiana!Background l Aim l Methods l Results l Conclusions!

Trees and understory vegetation have shown 
strong biotic changes since the 1970s!

Observed changes in species distribution over time:!
Ø  Trees are contracting their ranges poleward (Zhu et al., 2012)!

Magnolia virginiana!
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 Illus.: Etienne Hurault!Background l Aim l Methods l Results l Conclusions!

Trees and understory vegetation have shown 
strong biotic changes since the 1970s!

Observed changes in species distribution over time:!
Ø  Understory plants are shifting upward (Lenoir et al., 2008)!

N = 171 forest plant species!

Trees and 
shrubs (n.s.)!

Understory plants 
(p < 0.001)!
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Trees and understory vegetation have shown 
strong biotic changes since the 1970s!

Observed changes in community composition over time:!
Ø  Mountain forests are more thermophilous (Bertrand et al., 2011)!

T(°C) floristically 
reconstructed (FrT)!

T(°C) climatically 
reconstructed (CrT)!
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Trees and understory vegetation have shown 
strong biotic changes since the 1970s!

Observed changes in community composition over time:!
Ø  Woodlands are homogenizing (Keith et al., 2009)!

1930s woodland 
plant communities!

2000s woodland 
plant communities!
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And several global-change drivers have been 
attributed to these biotic responses !

Among the most cited global-change drivers potentially causing 
the observed biotic changes for trees or understory plants:!
Ø  Climate warming (Lenoir et al., 2008; Bertrand et al., 2011)!
Ø  Droughts (Van Mantgem et al., 2009; Carnicer et al., 2011)!
Ø  Acidification (Thimonier et al. 1994; Riofrío-Dillon et al., 2012)!
Ø  Eutrophication (Thimonier et al. 1994; Keith et al., 2009)!
Ø  Forest-canopy closure (Keith et al., 2009; Verheyen et al., 

2012)!
Ø  Non-native species invasions (Hale et al., 2006)!
Ø  Herbivory pressure (Rooney, 2009)!
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But, what is the respective contribution of each of 
these global-change drivers?!

Does the current relative contribution of each global-change driver 
on the observed biotic changes for trees and understory plants 
reflects future predictions?!
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So far, very few attempts to answer this timely 
question for trees and understory vegetation!

But, see Carnicer et al. (2011) for trees and Verheyen et al. (2012) 
for understory vegetation:!

Although forest-canopy closure is an important driver of changes 
in understory plant composition, the relative contribution of climate 
change was not assessed and could explain part of the signal!

Ø  Forest-canopy closure contribute more than nitrogen deposition 
to explain eutrophication signal in understory plant communities!
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Disentangling drivers of observed changes in 
forest understory plant community composition!

Focusing on the observed thermophilization of forest understory 
vegetation in France in response to temperature increases (dT/
dt), (Bertrand et al. 2011), Bertrand (2012) aims at assessing the 
amplifying/mitigating effects of changes in:!

Ø  Precipitation (dP/dt)!
Ø  Soil nitrogen (dCN/dt)!
Ø  Soil pH (dpH/dt)!
Ø  Understory light (dL/dt)!
Ø  Thermal tolerance (dA/dt)!
This assessment was done separately for lowland and highland 
forests due to the lowland-for-highland disparity in biotic changes !
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The response variable: a floristic index measuring 
temperature turnover or thermophilization!

Difference in floristically reconstructed temperatures (ΔFrT) 
between 1965-1986 and 1987-2008 from a transfer function: !
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Sampling strategy: 
x1000 random samples 
stratified in space and 

time to get 1000 time 
trends!

WA-PLS + BRT!
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R² = 0.83!

ΔFrT = FrT1987-2008 – FrT1965-1986!

Sample size (N) = 1000 differences!
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The set of explanatory variables: temperature 
increase and other global-change drivers!

Difference in mean climatic conditions between 1965-1986 and 
1987-2008 for each of the 1000 time trends:!
Ø  Changes in mean annual temperature conditions (ΔT) and July 

precipitations (ΔP) obtained from yearly climatic data at 1-km 
resolution!
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The set of explanatory variables: temperature 
increase and other global-change drivers!

Difference in mean edaphic conditions between 1965-1986 and 
1987-2008 for each of the 1000 time trends:!
Ø  Changes in CN ratio (ΔCN) and soil pH (ΔpH) obtained from 

differences in bioindicated values (cf. transfer functions based 
on WA-PLS)!



Background l Aim l Methods l Results l Conclusions!

The set of explanatory variables: temperature 
increase and other global-change drivers!

Difference in mean biotic conditions between 1965-1986 and 
1987-2008 for each of the 1000 time trends:!
Ø  Changes in light (ΔL) conditions obtained from differences in 

community mean values (cf. Ellenberg’s ordinal scale)!
Ø  Changes in thermal tolerance (ΔA) at the community level 

obtained from differences in community mean values of 
species’ thermal tolerances (Ttol) (cf. more generalists or 
specialists?)!P!

T!x1! x2!

Ttol = x2 – x1!
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Accounting for understory plant accessibility to 
their forest habitats !

Bertrand (2012) used 2 indices to account for habitat accessibility:!
Ø  The minimum distance (Dmin1) separating each given floristic 

relevé belonging to the period 1987-2008 to a forest habitat with 
analogous temperature conditions during 1965-1986!

Ø  The aggregation index (AI) of forest habitat within a radius of 20 
km around each floristic relevé during 1987-2008!
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Assessing the relative contribution of temperature 
increase and other global-change drivers!

Ordinary least square (OLS) regressions and variance partitioning 
were used to explain the observed thermophilization of understory 
plant communities in response to climate warming between 
1965-1986 and 1986-2008 (ΔFrT):!

ΔFrT = f(ΔT, ΔP, ΔCN, ΔpH, ΔL, ΔA, Dmin1, AI)!
Ø  Sample size (N) = 1000!
Ø  R² between explanatory variables < 0.2  !
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Mitigating and amplifying effects of secondary 
global-change drivers in lowland forests!
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Perfect filtering of understory vegetation changes 
due to climate warming solely in highland forests !

Dmin1!ΔP!ΔCN! ΔpH!AI!ΔL!ΔA!
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NB: The transfer function used in Bertrand et 
al. (2011) is perfectly filtering out the effect of 
temperature increases alone on understory 
plant community composition, thus justifying 
the use of transfer functions for monitoring 
climate warming impacts on vegetation!
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Primary and secondary drivers of the observed 
thermophilization of understory vegetation !

Take-home messages (Bertrand 2012):!
Ø  Climate warming is the primary global-change driver of the 

observed thermophilization of understory plant communities!
Ø  In lowland forests, two secondary drivers are mitigating this 

thermophilization effect of climate warming and contributing to 
the observed lag or climatic debt (Bertrand et al., 2011):!
•  An increase in thermal tolerance due to more generalist 

species making up understory plant communities!
•  A closure of forest canopies likely due to the abandonment 

of coppicing to the benefit of intense management practices 
in lowland European forests (Verheyen et al., 2012)  !
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