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Manuel Esteban Lucas-Borja*

Department of Agroforestry Technology and Science and Genetics, Higher Technical School of Agricultural and Forestry Engineering, Castilla La Mancha University, Spain

In the Mediterranean region, rising temperatures and decreasing
rainfall will lead to increased occurrence of drought periods. Yearly
rainfall is expected to drop by up to 20% of current annual precipitation,
with up to 50% reduction in summer [1]. However precipitation is
expected to increase in winter. Annual mean temperature increases
throughout southern Europe would be in the order of 3-4°C (4-5°C in
summer and 2-3°C in winter). Models predict changes in frequency,
intensity, and duration of extreme events with more hot days, heat
waves, heavy precipitation events, and fewer cold days [2]. Our studies
support this warming trend in the Cuenca Mountains, as well as a
higher likelihood of extreme drought events.

Forest management and planning is becoming more challenging in
the perspective of climate change. In the past management planning has
been primarily aimed at preserving the status quo rather than allowing
or even explicitly aiming for change. However, there is evidence of an
increasing awareness to include climate considerations in strategic
and operational planning, particularly in Europe. Forest managers are
already adapting to the observed effects as they increasingly perceive
the need for adaptation. For example some biotic disturbances have
forced forest management and planning effort in disturbed regions to
conform with the new conditions [3]. These effects of climate change
highlight that a climate change adaptation strategy should be viewed as
a risk management component of sustainable forest management [4,5].
Generally, the capacity to adapt to climate change must be integrated
into forest management [3]. But not only planning and decision
making has to be improved under climate change. Biirgi and Brang [6]
highlight the necessity of an effective controlling in forest management,
which is getting even more important under climate change conditions
and is a key component of adaptive management [7].

The changes in the pattern of rainfall distribution may have a
stronger effect on growth than the decreased precipitation because
trees are adapted to grow within the constraints of a given climate and
water regime [8]. Although forest stands show some plasticity, growth
and vitality are expected to suffer with changes in timing and duration
of water stress. Dendrochronological records showed that growing
season drought has a great impact on different tree species in Spain
[9,10]. Previous dendrochronological studies showed that P. nigra
growth is mainly enhanced by wet spring conditions during the year of
tree-ring formation [11,12]. Dry conditions before tree-ring formation
constrain growth in rear-edge P. nigra populations. The comparisons of
climate-growth responses along aridity gradients allow characterizing
the sensitivity of relict stands to climate warming [13]. Our results
allow expecting contrasting climate change effects on P. nigra growth.
Low-elevation studied stands (warmer and drier conditions) did
not yield the lowest growth rate but showed negative correlations
among temperature and climate, and therefore, growth models
forecasted growth decline and virtual extinction of these populations.
Nonetheless, old-growth and higher-elevation stands yielded steady
and slightly declining growth predictions, despite the showed very
low mean growth rates. Central populations showed positive growth
trends related to positive winter and autumn temperatures. Moreover,
the stands having favorable climatic and soil conditions showed lower

drought sensitivity and significantly higher growth trends.

Other of the most important researches needed in the
Mediterranean zone are provenance selection and genetic diversity [2].
The on-going and planned measures in the Mediterranean area include
selection of adaptable species, provenances and genotypes that are less
sensitive to changing environmental conditions and which are resistant
to drought. A selection of a wider range of species and genetic diversity
may improve the resilience of forests to climate change autonomously.
This diversity can be supported by use of natural regeneration
techniques [8,14-16]. Whether natural or artificial, regeneration is
the stage at which the species and genetic composition of the stand
gets established, where diversity can be manipulated the most. Later
silvicultural steps may modify to some extent the initial composition
but cannot correct insufficient suitability for current or future site
conditions. The low genetic diversity observed in some of the eight
populations selected from southeastern Spain to northern Morocco
is probably a consequence of inappropriate management. Basic
requirements in terms of suitability and diversity at the species and
genetic level therefore need to be fulfilled at the regeneration stage. In
this context all spatial and biological levels should be considered, as the
species and genetic composition can be manipulated from the stand to
the forest or regional levels. Genetic differentiation among populations
of P. nigra is essential for conservation of genetic resources, so we
recommend that an estimation of genetic variability of populations
should be achieved before initiating forest management.

Wherever possible, natural regeneration is to be enhanced because
evolutionary processes are less disturbed. However, this requires that
the gene pool of available seed trees is suitable for the site [17]. Under
a changing environment, using natural regeneration allows natural
selection to take place. This will drive the population to meet the
fitness optimum corresponding to the local environmental conditions.
Because the genetic composition of populations needs to be shifted
to cope with environmental changes, diversity levels should be set at
higher levels than under standard regeneration conditions. Natural
regeneration should result from the contribution of a sufficient number
of parental genitors, preventing that seeds are only produced by very
few maternal parents. Forest regeneration offers a direct and immediate
opportunity to select tree species or provenances that are believed to be
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better adapted or adaptable to the changing climatic conditions. On the
other hand the regeneration phase is sensible to changes in climate [4]
as young seedlings and plants are particularly sensitive to drought [18]
or other extreme climatic conditions. Thus, regeneration processes and
techniques may warrant modification and adaptation itself.

Of great importance for forest regeneration is that successful
establishment and early growth of young stands may be strongly
influenced by soil preparation, selection of species and provenances,
quality of plant material and weed control. These factors might gain
importance in ensuring successful regeneration under climatic changes
[14,19]. The stages of seed germination, seedling survival, and early
seedling growth, have been recognized as the most limiting stages to
natural regeneration and therefore the determinants of forest structure
[20]. As other studies showed before [21,22], we probed that preferable
conditions for seedling survival and growth differ from habitats for
seedling emergence. Our results also showed significant differences
among elevations and pine species. Stand density has a clear influence
on the percentage of emerged seedlings. Moreover, drier and warmer
conditions of the lower altitude forest induced a drastic decline in the
survival proportion. A strategy may involve regenerating different
stands in different ways. For example some stands could be regenerated
naturally with current species adapted to the current site conditions,
whereas other stands could use species or provenances adapted to
different future scenarios.
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