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•• Drought in the MediterraneanDrought in the Mediterranean
•• Warming at treelineWarming at treeline
•• COCO22--effects across ecosystemseffects across ecosystems

© Ch Körner

©© Ch KCh Köörnerrner ©© Ch KCh KöörnerrnerSarris D Sarris D et alet al (2007) Glob Change Biol 13:1187 (2007) Glob Change Biol 13:1187 

00

200200

400400

600600

800800

10001000

12001200

14001400

19001900 19101910 19201920 19301930 19401940 19501950 19601960 19701970 19801980 19901990 20002000
YearsYears

P
re

ci
pi

ta
tio

n 
(m

m
)  

  
P

re
ci

pi
ta

tio
n 

(m
m

)  
  

SamosSamos island, Greece island, Greece 

880880
mmmm

709709
625625
mmmm

--2929 %%

19
32

19
32

19
69

19
69

19
72

19
72

19
89

19
89

19
92

19
92

19
97

19
97

20
00

20
00

19
85

19
85

<500 mm<500 mm

Ch KCh Köörnerrner et alet al (2005) Reg Environ Change 5:27(2005) Reg Environ Change 5:27
©© Ch KCh Köörnerrner

Tr
ee

 ri
ng

 w
id

th
 (0

.0
1 

m
m

)
Tr

ee
 ri

ng
 w

id
th

 (0
.0

1 
m

m
)

00

5050

100100

150150

200200

250250

300300

350350

--45 %45 %

Old treesOld trees
Young treesYoung trees

198198±±99

108108±±88

PinusPinus brutiabrutia

19001900 19101910 19201920 19301930 19401940 19501950 19601960 19701970 19801980 19901990 20002000
YearsYears

Ch KCh Köörnerrner et alet al (2005) Reg Environ Change 5:27(2005) Reg Environ Change 5:27
D Sarris D Sarris et alet al (2007) Glob Change Biol 13:1187 (2007) Glob Change Biol 13:1187 

© Ch Körner

SamosSamos island, Greece island, Greece 



Barcelona 9 Nov 2007

2

19711971--7373

19871987--8989

19821982--8383

19921992--9393

N
um

be
r o

f d
is

ap
pe

ar
ed

  s
pr

in
gs

N
um

be
r o

f d
is

ap
pe

ar
ed

  s
pr

in
gs

Estimated year of disappearance based on interviewsEstimated year of disappearance based on interviews

00
22
44
66
88

1010
1212
1414
1616
1818
2020
2222
2424
2626
2828

19601960 19651965 19701970 19751975 19801980 19851985 19901990 19951995 20002000

Reports of drying springs in Reports of drying springs in SamosSamos (1960(1960--2002)2002)

19991999--20012001

Ch KCh Köörnerrner et alet al (2005) Reg Environ Change 5:27(2005) Reg Environ Change 5:27
© Ch Körner ©© Ch KCh Köörnerrner

Drought first eliminates evergreen conifers and taxa which Drought first eliminates evergreen conifers and taxa which 
cannot shed leaves (Cupressaceae). These processes cannot shed leaves (Cupressaceae). These processes 
are underway in the eastern Mediterranean.are underway in the eastern Mediterranean.
Fire modifies/enhances these processes.Fire modifies/enhances these processes.
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TreelineTreeline formationformation

Global Global driversdrivers
'general 'general principleprinciple''

Regional Regional driversdrivers
''modulationmodulation''
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A A life formlife form boundary, not a boundary, not a speciesspecies boundaryboundary

Location of the test areas for treeline Location of the test areas for treeline 
temperature measurementstemperature measurements

Ch KCh Köörner & J Paulsen (2004) J Biogeogr 31:713rner & J Paulsen (2004) J Biogeogr 31:713
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A global mean of A global mean of 6.6 6.6 °°CC at treeline (31 sites)at treeline (31 sites)
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Maximum elevation of 3 types of vegetation Maximum elevation of 3 types of vegetation as determined by as determined by temperature and moisturetemperature and moisture
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The global position of the The global position of the treelimittreelimit follows ca. 6 follows ca. 6 °°C isothermC isotherm
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•• Why are trees limited by a common Why are trees limited by a common 
isotherm?isotherm?

•• Why do other taxa and life forms Why do other taxa and life forms 
thrive at >1000 m higher altitude?thrive at >1000 m higher altitude?

•• Are trees physiological inferior?Are trees physiological inferior?
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•• Trees are disadvantaged by their architecture, not by Trees are disadvantaged by their architecture, not by 
inappropriate physiology.inappropriate physiology.

•• Aerodynamic coupling of tree crowns to atmospheric Aerodynamic coupling of tree crowns to atmospheric 
circulation.circulation.
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Aerodynamic decoupling ...Aerodynamic decoupling ...

Pinus sylvestris, Pinus sylvestris, 
Cairngorm Mountains, Cairngorm Mountains, 
ScotlandScotland

JC James JC James et al.et al. (1994) J Ecol 82:297(1994) J Ecol 82:297
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Shoot growth Shoot growth 
at treeline at treeline 

Mean meristem temperature (Mean meristem temperature (°°C)C)
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Heat wave Heat wave 
summersummer

J J PaulsenPaulsen et alet al. (2000) . (2000) 
ArctArct AntarctAntarct AlpAlp Res  32:14Res  32:14
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Sajama, BoliviaSajama, Bolivia

4360 m4360 m
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4810 m4810 m
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Altitude record of tree growth Altitude record of tree growth 
Sajama, 4810 mSajama, 4810 m
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PolylepisPolylepis tarapacanatarapacana,, Volcano Volcano SajamaSajama, 18, 18°° S, Bolivia,S, Bolivia,
at the worldat the world’’s highest place with trees > 3 ms highest place with trees > 3 m

G Hoch & Ch KG Hoch & Ch Köörner (2005) Funct Ecol 19: 941 rner (2005) Funct Ecol 19: 941 
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Drivers or driven?Drivers or driven?
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In Geneva 200 years ago:In Geneva 200 years ago:

‘‘The primary plant food The primary plant food 
comes from aircomes from air‘‘

NicolasNicolas--ThThééodore de Saussure (1804)odore de Saussure (1804)
Recherches chimiques sur la VRecherches chimiques sur la Vééggéétation.tation.
Paris.Paris.
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Tenet ITenet I Assimilation drives growthAssimilation drives growth or or vice versavice versa??

AAssimilationssimilation GGrowthrowth
(NPP)(NPP)

MMinerals etc.inerals etc.

COCO22 COCO22
(R)(R) A or G first?A or G first?

•• Whenever M is limiting,Whenever M is limiting,
G controls AG controls A

•• Whenever COWhenever CO22 or light are or light are 
limiting, A controls Glimiting, A controls G

•• The A     G fine tuning is The A     G fine tuning is 
masking cause and masking cause and 
consequenceconsequence

manipulative experimentsmanipulative experiments

Light and COLight and CO22 coco--
control source activitycontrol source activity

(N input, water)(N input, water)
plus ontogeny & temperatureplus ontogeny & temperature

coco--control sink activitycontrol sink activity

chicken or chicken or 
egg first?egg first?

© Ch Körner

Experiments that lack a natural Experiments that lack a natural 
plant plant -- rhizosphere rhizosphere -- soil linkage soil linkage 
are fundamentally unsuitable are fundamentally unsuitable 
for making ecosystem scale for making ecosystem scale 
inferences (>95 % of all data).inferences (>95 % of all data).

©© Ch KCh Köörnerrner

Tenet IIITenet III Respiration follows temperatureRespiration follows temperature

–– Growth respirationGrowth respiration
–– Nutrient uptake respirationNutrient uptake respiration
–– Maintenance respirationMaintenance respiration

•• R is largely a function of NPPR is largely a function of NPP
•• NPP = f(soils, age, temperature, etc.)NPP = f(soils, age, temperature, etc.)
•• R cannot be decoupled from NPP in the long runR cannot be decoupled from NPP in the long run

are tightly linked are tightly linked 
with plant or with plant or 
tissue vigortissue vigor

you can eat the lunch only onceyou can eat the lunch only once
(but you may be eating it(but you may be eating it
faster or slower)faster or slower)

© Ch Körner

TimeTime

NPPNPP NEPNEPRR

Temporal shifts of Temporal shifts of RR should not be taken as should not be taken as 
evidence for increased or decreasedevidence for increased or decreased ΣΣRR
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Carbon Carbon 
cyclecycle

Mineral Mineral 
nutrient nutrient 
cyclecycle

CC

Mineral Mineral 
nutrientsnutrients

COCO22

The ecosystem carbon cycle is driven by the The ecosystem carbon cycle is driven by the 
nutrient cycle and other growth nutrient cycle and other growth ‘‘facilitatorsfacilitators‘‘

couplingcoupling

© Ch Körner © Ch Körner

Plant growth in elevated COPlant growth in elevated CO22

Decoupled Decoupled 
systemssystems

(horticulture)(horticulture)

Expanding Expanding 
systems systems 

(in transition)(in transition)

Coupled Coupled 
systems,systems,

steady state steady state 
nutrient cyclenutrient cycle

Ch KCh Köörner (2006) Tansley Review, New Phytol 172:393rner (2006) Tansley Review, New Phytol 172:393
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COCO22 effects on growth effects on growth 
decline with time ...decline with time ...

SS HHäättenschwilerttenschwiler etet alal. . (1997)(1997) Glob Change BiolGlob Change Biol 33: 463: 463
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Transition from Transition from 
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system to steady system to steady 
state systemstate system
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Quercus ilexQuercus ilex

... closed forest plantation (FACE) and to ... ... closed forest plantation (FACE) and to ... 

©© Ch KCh Köörnerrner

... natural forest CO... natural forest CO22--enrichment enrichment 
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--1010 % (max)% (max)
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Water savings of ~10 % may affect hydrology: Water savings of ~10 % may affect hydrology: 
< < drought mitigationdrought mitigation
< flood risk enhancement< flood risk enhancement

Missing atmospheric 
feedback

© Ch Körner

•• Increasing droughtIncreasing drought in the Mediterranean is a in the Mediterranean is a 
reality, and species differ in their responses.reality, and species differ in their responses.

•• Climatic warmingClimatic warming should effect the world treelines should effect the world treelines 
directly and now.directly and now.

•• Elevated COElevated CO22: natural systems likely to be carbon : natural systems likely to be carbon 
saturated, and biodiversity is affected (indirect saturated, and biodiversity is affected (indirect 
effects via water relations).effects via water relations).


