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Figure 1. The picture shows the regenerating stand in Anchuras (Central Spain) in the wet year (2004),

It was burnt in 2002, Phote: |, Torres.
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The Mediterranean region presents a
large variety of terrestrial ecosystems,
many of them quite unique. Climate
nge will bring a series of direct and
indirect effects on them which will be
accentuated by the interaction with
other components of the global change
such as land use changes or pollution.
Many of these ecosystems that are
already at their ecological or geographi-
cal limit will be especially sensitive.
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Observations

Among them, the most vulnerable will
be those located in islands in a broad
sense (including edaphic islands and
high mountain ecosystems) and in eco-
tones, the transition zones between
ecosystems (Valladares et al. 2005).
There is evidence showing that climate
change affects the Mediterranean spe-
cies phenology, their competitive ability,
the interactions between them and
finally the structure and composition of
the communities (Pefuelas & Filella
2001) and generates species alttudinal

s (Pefuelas et al.

2007a) along with extinction of local
species. However, it is not known
whether species will be capable of
evolving and adapting to climate change
in time (Jump & Penuelas 2005). To
gain knowledge on the impacts of cli-
mate change on Mediterranean biodi-
versity and ecosystems, there are ar least
three posible approaches: observations,
experimentation and modeling,

The changes in the spatial patterns of
species richness of two groups of annu-
s and legumes) during two
consecutive years of very different pre-
cipitation rainfall in a burned Cistus-
dominated shrubland of Central Spain
offer an example of the observational
approach. The area was burned in 2002

2005 (202 mm, A - 468 mm)

Figure 2. Species richness (Number m®) of annual grasses (upper panels) and legumes (lower panels) in a 180 ¥ 90 m plot burnt by a wildfire in 2002 at Anchuras
(Central Spain). The figure depicts the data for two consecutive years (2004, 2005) that differed very markedly in their total precipitation (2004 was normal; 2005 was
very dry). Kriging was used to interpolate field data with a resolution of 2 m.

T6 ATLAS OF BIODIVERSITY

RISK

CHAPTE

R

L}

and measurements were carried out in
2004 and 2005, that is, during the 2™ and
3" year of regeneration after fire.
Measurements were made in a

180 > 90 m plot, and spatial techniques
(kriging) were used to interpolate results
with a resolution of 2 m, The hydrologic
vear 2003-2004 was practically normal,
while 2004-2005 was well below average
(total rainfall was about 30 % of the
long-term average). Figure 2 shows the
changes in species richness that occurred
during these two consecutive years for
two groups of annuals: grasses and
legumes. While legumes virtually disap-
pc;lrc(l from the plot, their presence
being restricted to small patches, grasses
were able to maintain a number of spe-
cies throughout the plot, hence being
much more resistant to changes in rain-
fall. This example indicates that changes
in patterns of rainfall will very likely
affect the future species composition and
diversity of Mediterranean shrublands,

Experimentation

A number of experiments have studied
the potental effects of climare change
ty of plant species in different
types of plant communities. This exper-
imental approach can be addressed by
temperature or rainfall manipulations at
stand level where the interactions
between species assemblies and climate
occur. However, the effects of climate
change on diversity have been more
rarely considered in relation to the suc-
cessional process given the necessity for
such long field experiments involving
climate manipulation. Plant community
ity and

on di"(‘. -

recovery (species richness, divi
composition) of a post-fire Mediterra-
nean shrubland was monitored over a
seven year period (1998-2005) under
experimental drought and warming that
simulated the environmental conditions
projected for this area in the coming
decades. Species richness and Shannon’s
Index were positively correlated with
accumulated precipitation in the grow-

ing season and both variables were neg-
atively affected by reduced water avail-
ability in drought plots. Species-specific
responses to treatments were found.
Drought and warming treatment
reduced the competitive ability of the
obligate seeder tree Pinns balspensis
against native resprouter shrubs and
consequently, the transformation from
shrub to pine tree dominated vegetation
was slowed down. Therefore, furure
drier and warmer conditions in
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Figure 3. Number of species per 3-m transect in response to drought and warming treatments in 1998 (pre-treatment year) and in the years of the experiment (1999-2005) in a Mediterranean shrubland recovering from a
fire in 1994, The pattern of relative abundances of life-forms (shrubs, trees) during the seven-year study period in control, drought and warming treatments is also shown. Bars Iindicate the standard errors of the mean (n=3
plote means). Madified from Pafiuslac et al (2007h) and Prieto et al (2009)

Figure 4. The pictures show the shrubland experimental site and a detail of one warming experimental plot. Photos: M. Estiarte.

Mediterrancan arcas may severely affect
plant community recovery after a dis-
turbance, due to the existence of both
abundance-dependent and species-spe-
cific responses that may change inter-
specific competitive relationships. Drier
conditdons may seriously affect species
richness and diversity recovery after fire
due to lower levels of plant establish-
ment and reduced growth rates.
However, continued study in later suc-
needed to monitor

g species competitive rela-

cessional

stages
the changi
tionships and assemblies.

Modeling

In an example of the third possible
approach, a modeling exercise conduct-
ed within the ALARM project explored
the effects of different climate change
scenarios on Mediteranean forest car-

bon and hydrology balances and ult-
mately on species performance.

This approach was carried out using
the process-based model GOTILWA+
(www.creafuab.cat/gotilwa+) for the

whole European forest area. To supply
the input data required for the model,
an extensive database was built con-
necting diverse information sources

at the European level. The database
contains data related to forest func-
tional types, forest cover, forest struc-
ture (tree density and size distribution),

forest function (photosynthesis, respi-

ration rates), soil h_\'(h::h]m; orgs nic
matter dccmnpnsiliun rates and man-
agement strategics. GOTILWA+ was
thus run under different climate
change scenarios, Mediterranean for
ests seem to be especially sensitive to
the impacts of climate change. In some

areas and under certain climate scenari-
os, carbon balances would be affected
by incre:

sing respiration rates, thus
reducing their earbon sequestration
capacity. Moreover an increase of
water stress is expected. As a conse
quence, the frequency of the forest
mortality events would increase with
likely consequences on forest diversity.
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Figure 5. Comparision of mortality events frequency for evergreen broadleaved forests in south Eurcpe for the 1990 tme slice (1961-1990) and 2080 time slice (2051-2080) under de GRAS (AIFI scenario) and HadCM3
GCM. Spatial resolution 1 % 1°
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