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Atmospheric change impacts
on mountains and

Mediterranean systems
* Drought in the Mediterranean

» Warming at treeline

» CO,-effects across ecosystems
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. Samos island, Greece
Samos island, Greece

Pinus brutia
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Reports of drying springs in Samos (1960

Number of disappeared springs

1960 1965 1970 1975 1980 1985 1990 1995

Estimated year of disappearance based on interviews

Ch Kérner et al (2005) Reg Environ Change 5:27
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Location of the test areas for treeline
temperature measurements

Ch Korner & J

Seasonal mean temperature, T (°C)
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Drought first eliminates
cannot shed leaves (Cupressaceae). These processes
re underway in the eastern Mediterranean.
re modifies/enhances these processes.
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Treeline formation

Global drivers
‘general principle’

Regional drivers
'modulation’

A life form boundary, not a species boundary
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A global mean of 6.6 °C at treeline (31 sites)

6.6+0.9°C

Latitude (°)

Ch Korner, J Paulsen (2004) J Bioget
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The global position of the treelimit follows ca. 6 °C isotherm
Maximum elevation of 3 types of vegetation as determined by temperature and moisture

8000
© Hermes (1955 7 Terrestrial surface

7000 O Toet » Why are trees limited by a common

,Tundra, alpine grassland

(3month T <6 °C) ISOtherm?

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

Elevation (m)

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

» Aerodynamic coupling of tree crowns to atmospheric
circulation.




Barcelona 9 Nov 2007

mean gf +20 - Aerodynamic decoupling ...
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Sfogt growi 2t traslire
Shoot growth
at treeline

Pinus sylvestris,
Cairngorm Mountains,
Scotland

Picea abies Pinus cembra

lower site

Height extension (cm)

Heat wave
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M Krnoul & Ch Kémer, unpubl. © Ch Korner

JC James et al. (1994) J Ecol 82:297 at treeline
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1900 - 1919

200 years of
tree growth
near treeline

Treelines are controlled by sink activity
(meristems)
not by source activity (photosynthesis).

‘ Effects of
> awarmer
climate

Relative width of tree rings
age- and site-indexed)

J Paulsen et al. (2000)
®  Arct Antarct Alp Res 32:14
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Non-structural carbohydrates + |
in stem sapwood (% d.m.)
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Pinus cembra
Alps (46° N)

Low High Low High

Altitude

Altitude record ofitieergrowtiis
Sajama, 4840 M S
Fr.

Assimilation

End of winter

Mid season

Late season

Low High

G Hoch & C Korner (2003) Oecologia 135:10

Drivers or driven?

Respiration
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Polylepis tarapacana, Volcano Sajama, 18° S, Bolivia,
at the world’s highest place with trees >3 m
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G Hoch & Ch Kérner (2005) Funct Ecol 19: 941

In Geneva 200 years ago:

‘The primary plant food
comes from air*

Nicolas-Théodore de Saussure (1804)
Recherches chimiques sur la Végétation.
Paris.
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Tenet | Assimilation drives growth or vice versa?

Light and CO, co-
control source activity

A or G first?
* Whenever M is limiting, & i hat lack |
Assimilation ’ G controle A _ Experiments that lack a natura
_ | plant - rhizosphere - soil linkage
* Whenever CO, or light are : .
limiting, A controls G are fundamentally unsuitable

- The A—G fine tuning is | for making ecosystem scale

masking cause and inferences (>95 % of all data).
conseguence [T 2
Minerals etc. = manipulative experiments

(N input, water)
plus ontogeny & temperature
co-control sink activity

Tenet |l Respiration follows temperature

Temporal shifts of R should not be taken as

are tightly linked evidence for increased or decreased
with plant or

tissue vigor

— Nutrient uptake respiration

— Growth respiration }
— Maintenance respiration

* R is largely a function of NPP ‘ l ‘ l ‘ l
* NPP = f(soils, age, temperature, etc.)
NPP

* R cannot be decoupled from NPP in the long run

S Time
you can eat the lunch only once )
(but you may be eating it
_ faster or slower)
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Warming and soil respiration co,-
saturation Currently
385 ppm
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Raich JW, Nadelhoffer KJ (1989) Ecology 70:1346
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The ecosystem carbon cycle is driven by the
nutrient cycle and other growth ‘facilitators’

Carbon
cycle

coupling

Mineral
nutrient
cycle

CO, effects on growth

Plant growth in elevated CO, decline with time-...

Natural CO,-spring,
Decoupled Expanding Coupled Rapolano; ltaly
systems systems systems,
(horticulture) (in transition) steady state

nutrient cycle

Transition from
expanding
" y=0701-0.024x system to steady
12 =0.457, P < 0.001 State system

Relative difference of
tree ring width (mean * se)

Ch Korner (2006) Tansley Review, New Phytol 172:393 Tree age (a)
S Hattenschwiler et al. (1997) Glob Change Biol 3: 463
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Growth of 100 year old trees in elevated CO,, Swiss web-FACE

Annual tree basal area increment
(standardized by pre-treatment mean)
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Ch Korner et al. (2005) Science 309:1360 and new data © Ch Kérer

Elevated CO, reduces forest water loss to the atmosphere
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8. Ch Komer (2007)
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GCB 13:1-11 doi: 10.1111/j.1365-2486.2007.01467.x © Ch Komer

Missing atmospheric *
feedback

0 % may affect hydrology:
< drought mitigation
< flood risk enh ent !
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Stomatal response to elevated CO,

Swiss web-FACE
: * None » Weak
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* Increasing drought in the Mediterranean is a
reality, and species differ in their responses.

 Climatic warming should effect the world treelines
directly and now.

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



