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Abstract

Climate change is a serious threat to high-elevated plant species. There are three possible strategies to survive if
they cannot exist in their inherent habitats any more: Upward shift, use of phenotypic plasticity ore movement to
small-scaled local still suitable microhabitats. Furthermore, high-mountain plants are still exceptionally
endangered since they are already at their ecologic limits. We analyzed future shift strategies based on possible
climate scenarios considering current and future climate conditions. The study was conducted at the Spanish
Sierra Nevada National Park as part of the ECOPOTENTIAL project.

Introduction

Plants at high-elevated mountains are in particular sensitive to temperature changes (KORNER 2003) and
disproportionately high endangered in cases of fast environmental changes. Elevational gradients represent quit
often strong environmental gradients — in the Spanish Sierra Nevada an increase in precipitation and a decrease
of temperatures. Mountainous species seem to be limited at their elevation, upwards by increased environmental
extremes, downwards by competition of more widespread species (GHALAMBOR et al. 2006). In the case of
environmental changes and competition of upward-shifting species, a species at a certain elevation has several
strategies to avoid extinction: (1) niche differentiation from upward-shifting species (e.g. by using phenotypic
plasticity and resp. or finding micro-habitats (SCHERRER & KORNER 2010)) or (2) even migrate upward to find
suitable, environmental similar conditions (GOMEZ et al. 2015).

In the Sierra Nevada are plant species migrations more likely since the slopes of the Sierra Nevada are not very
steep (PAULI et al. 2003). Besides climate conditions seems the yearly snow cover important: Snow protects plants
during winter from frost. Moreover, snowmelts play a crucial role for the water supply during summer (PAULI et
al. 2003).

We are interested in the influence of both, changes temperatures and snow cover on alpine plants of the Sierra
Nevada. We investigated vascular plant species, in particular endemics, and checked their current temperature
conditions to find future similar locations. We estimate their risk to get extinct based on the accessibility of future
refugia.

Material and methods

We investigated vascular plants above the treeline, along an elevational gradient from 2,000 to 3,000 m a.s.l. at
the southern slope of the Mulhacén in the Sierra Nevada National Park. Pseudo-abundances were calculated by
presence-absence data of subplots of a hexagonal plot design (JURASINSKI & BEIERKUHNLEIN 2006). We used a local
flora of Blanca et al. (2009) to identify the plants and to sort them to different classes of endemism.

We used WorldClim to get current and future spatial temperature data (HIJMANS et al. 2005). We used the CCSM4
rep 8.5 scenario for future temperatures. All data were reprojected to the local UTM resolution. Distances between
current and future temperatures were calculated as proposed by HAMANN et al. (2015).

Results

Our results show, that endemic species in the Sierra Nevada might be endangered due to environmental changes
like global warming (Fig. 1 & 2). Especially arctic-alpine endemics (Fig. 2) and, from the Sierra Nevada endemics,
those with the lowest temperature niches are highly endangered since there will be no refugia anymore.

We found for the highest elevations the largest distances to areas of the same temperature regime as found there
today (Fig. 3).

287




C)_ - \ A . . .
= \ —— Draba hispanica.subsp. laderoi
‘ Erigeron frigidus
Erysimum nevadense
3 ——  Festuca clementei
Festuca pseudeskia
- —— Jasione amethystina
g <9 —— Leucanthemopsis pectinata
g —— Nevadensia purpurea
2
8
o
N
o
o _| —
o
T T T T T T T
2 3 4 5 6 i 8
Temperature [° C]
Figure 1: Pseudo-abundances of some Sierra Nevada endemits along the temperature gradient.
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Figure 2: Pseudo-abundances of Arctic-alpine endemits along the temperature gradient.
Discussion

Endemic species in mountainous areas, especially in the Mediterranean area, are in particular threatened by
global warming. Potential future refugia can be identified by distances to similar environmental sites. There is no
substitute for the high-elevated summits of the Sierra Nevada.
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Figure 3: Nearest distances between current areas and future areas with unique temperatures. Isoclines are elevational steps
in 250 m intervals.
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