
The	  55th	  Symposium	  of	  the	  IAVS	  
(Mokpo,	  Korea,	  23-‐28	  July	  2012)	  

Special	  Session	  3	  

Impact	  of	  climate	  change	  on	  vegetaGon	  in	  Europe:	  
Greater	  contemporary-‐Gme	  lags	  for	  long-‐lived	  

organisms	  and	  lowland	  biotas	  
	  

LENOIR	  J.*,	  BERTRAND	  R.,	  GEGOUT	  J.C.,	  SVENNING	  J.C.,	  and	  DECOCQ	  G.	  

*jonathan.lenoir@u-‐picardie.fr	  



What	  do	  we	  mean	  by	  contemporary-‐Gme	  lags?	  
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Differences	  between:	  

-‐  What	  are	  the	  observed	  changes	  in	  species	  distribuMon	  or	  
community	  composiMon	  under	  contemporary	  climate	  change	  

-‐  What	  would	  be	  the	  expected	  changes	  in	  species	  distribuMon	  or	  
community	  composiMon	  to	  perfectly	  match	  climaMc	  changes	  	  

And…	  

Wiens	  et	  al.	  (2010)	  

Implied:	  the	  niche	  conservaMsm	  assumpMon	  



What	  is	  niche	  conservaGsm?	  
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Perfect	  niche	  adaptaMon	  Perfect	  niche	  conservaMsm	  

Colwell	  &	  Rangel	  (2009)	  
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What	  do	  we	  need	  to	  measure	  potenGal	  Gme	  lags?	  
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Visser	  &	  Both	  (2005)	  
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Let’s	  consider	  an	  increase	  
in	  temperature	  condiMons	  
of	  1.05°C	  in	  our	  study	  

region	  during	  1987-‐2008:	  
+0.48°C/decade	  
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Assuming	  perfect	  niche	  
conservaGsm	  and	  an	  
adiabaMc	  lapse	  rate	  of	  
+0.6°C/100	  m,	  species	  

alMtudinal	  distribuMon	  will	  
shic	  about	  +80	  m/decade	  



A	  yardsGck	  for	  changes	  in	  community	  composiGon	  
in	  response	  to	  increased	  temperatures	  	  
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Lenoir	  et	  al.	  (2008)	  

Contemporary	  shi[s	  in	  plant	  species	  opGmum	  
elevaGon	  across	  mountain	  forests	  in	  France	  
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+9	  m/decade	  
(n	  =	  56	  species)	  	  

+37	  m/decade***	  
(n	  =	  115	  species)	  

Lags	  



Bertrand	  et	  al.	  (2011)	  
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Contemporary	  changes	  in	  plant	  community	  
composiGon	  across	  the	  French	  forests	  
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Lags	  

T(°C)	  florisMcally	  
reconstructed	  (FrT)	  

FrT	  =	  +0.02°C	  

FrT	  =	  +0.54°C	  

T(°C)	  climaMcally	  
reconstructed	  (CrT)	  



Take-‐home	  message	  

DefiniGons	  |	  ExpectaGons	  |	  ObservaGons	  |	  Conclusions	  

Contemporary-‐Mme	  lags	  are	  much	  greater:	  

What	  are	  the	  potenGal	  determinants	  explaining	  these	  lags?	  

-‐  In	  lowland	  forests	  than	  in	  highland	  forests	  	  

>

-‐  For	  trees	  and	  shrubs	  than	  for	  grasses,	  sedges,	  forbs,	  and	  ferns	  

>



Bullet	  points	  for	  discussion	  
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IdenMfying	  bioGc	  and	  abioGc	  determinants	  of	  contemporary-‐Mme	  
lags	  in	  the	  bioMc	  responses	  of	  forest	  plants	  to	  climate	  change	  in	  
Europe:	  

v Niche	  adaptaMon	  
v Life	  span	  
v Local	  persistence	  
v Dispersal	  ability	  
v Habitat	  fragmentaMon	  
v SpaMal	  closeness	  between	  isotherms	  
v Velocity	  of	  temperature	  changes	  	  
v MiMgaMng	  effects	  due	  to	  other	  changes	  in	  abioMc	  condiMons	  
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Niche	  conservaGsm,	  niche	  adaptaGon	  or	  
something	  in	  between?	  
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Phenotypic	  plasGcity	  and	  micro-‐evoluGonary	  processes	  may	  
contribute	  to	  niche	  adaptaMon	  thus	  explaining	  the	  lag	  between	  our	  
observaMons	  and	  our	  expectaMons	  
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Life	  span	  
Long-‐lived	  species	  
reaching	  maturaMon	  
acer	  a	  longer	  Mme	  
period	  than	  short-‐lived	  
species	  are	  more	  likely	  
to	  lag	  behind	  climate	  
change	  

Devictor	  et	  al.	  (2011)	  

Lagging	  212	  km	  
behind	  climate	  
change	  

Lagging	  135	  km	  
behind	  climate	  
change	  
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No	  dispersal	  
limitaMons	  

Full	  dispersal	  
limitaMons	  

Dullinger	  et	  al.	  (2012)	  

Niche	  
model	  

O
cc
up

ie
d	  
ar
ea
	  in
	  th

e	  
Al
ps
	  (k
m

2 )
	  

Year	  

Local	  persistence	  

Seed	  
mortality	  

Juvenile	  
survival	  

Growth	  &	  
maturaGon	  

Seed 
producGon	  

Adult	  survival	  &	  
clonal	  reproducGon	  

Seed 
banking	  

GerminaGon	  &	  
establishment	  

Adult	  
mortality	  

Juvenile	  
mortality	  Local	  

demography	  

Seed	  
dispersal	  

High	  DD	  
parameters	  

Low	  DD	  
parameters	  

DD:	  Demography	  &	  Dispersal	  

Hybrid	  
model	  

DefiniGons	  |	  ExpectaGons	  |	  ObservaGons	  |	  Conclusions	  



Dispersal	  ability	  
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Many	  forest	  plant	  
species	  are	  limited	  by	  
their	  poor	  dispersal	  
abiliGes	  which	  may	  
contribute	  to	  the	  
observed	  lags	  in	  the	  
bioMc	  responses	  of	  
forest	  plants	  to	  climate	  
change	  



FragmentaMon	  of	  forest	  habitats	  is	  
much	  greater	  in	  lowland	  than	  in	  
highland	  areas:	  

Bertrand	  et	  al.	  (2011)	  

Habitat	  fragmentaGon	  

-‐  67%	  of	  highland	  areas	  are	  
covered	  by	  forest	  patches	  
exceeding	  5	  km2	  and	  being	  
highly	  connected	  (PI	  =	  3814)	  	  

-‐  29%	  of	  lowland	  areas	  are	  
covered	  by	  forest	  patches	  
exceeding	  5	  km2	  and	  being	  
poorly	  connected	  (PI	  =	  32)	  	  
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SpaGal	  closeness	  between	  isotherms	  

1965-‐1986	  	   1987-‐2008	  	  

To	  track	  their	  climaMc	  niches	  according	  to	  temperature	  increases	  
between	  1965-‐1986	  and	  1987-‐2008	  in	  France,	  forest	  plant	  species	  
should	  shic	  their	  distribuMons:	  	  

Bertrand	  et	  al.	  (2011)	  

-‐  +35.6	  km	  northward	  in	  lowland	  forests	  

-‐  +1.1	  km	  upward	  in	  highland	  forests	  
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Velocity	  of	  climate	  change	  
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Loarie	  et	  al.	  (2009)	  

Velocity	  of	  climate	  change	  is	  much	  
greater	  in	  lowland	  areas	  than	  in	  
highland	  areas	  



MiGgaGng	  effects	  

Crimmins	  et	  al.	  (2011)	  

Increasing	  precipitaMons	  
miMgates	  the	  effect	  of	  
temperature	  increase	  on	  
water	  balance:	  species	  do	  
not	  only	  track	  temperatures	  
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