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ABSTRACT. The severe drought in 1994 damaged the woody flora of central and southern Spain (80%
of the 190 studied sites presented drought-damaged species). In 1996, after a wet year, 67% of the
sites were still affected. Different degrees of damage and recovery were found among different
functional types (trees or shrubs), and genera of different evolutionary history (Mediterranean or pre-
Mediterranean). The Mediterranean genera, mostly shrubs evolved under Mediterranean climate
conditions, i.e., later than 3.2 M years ago in the Pliocene, were more damaged by the drought than
the earlier evolved pre-Mediterranean genera, mostly trees. However, the Mediterranean genera were
more resilient and recovered much better after the following wet year. For. Sci. 47(2):214-218.
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VER THIS CENTURY, the climate has become warmer
and drier in the Mediterranean regions of Spain.
Temperature and potential evapotranspiration have
increased by 0.10°C and 13 mm per decade, respectively, and
minimum rel ative humidity has decreased 0.85% per decade
(Pifiol et al. 1998). Moreover, transitionto awarmer and drier
climatehasnot been gradual but punctuated by severedrought
events such asin 1985 and 1994. Global change effects on
Mediterranean climatearelikely to produceevenwarmer and
drier conditions in the next decades and more frequent and
stronger droughts (Houghton et al. 1996, Pefiuelas 1996)
with consequent effects on vegetation. These effects depend
on the degree of adaptation of different taxa, a characteristic
that is modulated by their evolutionary history.
Thecontemporary floraof aregioniscomposed of species
assemblages that are transitory sets of taxa that have origi-
nated at different geological timesand in different ecol ogical
scenarios. These different origins may partly explain the
current ecological pattern of floras(Lechowicz 1984, Herrera
1992). Thefloraof central and southern Spain iswell suited
for an analysis of the evolutionary historical effects on
contemporary patterns asit represents a complex mixture of

taxawith disparate biogeographical affinities, agesof origin,
and evolutionary histories(Braun-Blanquet 1937, Palamarev
1989, Herrera 1992). It is generally agreed that current
Mediterranean climatic conditionswith acharacteristic sum-
mer drought and high interannual variability first appeared
during the second half of Pliocene, 3.2 millions of years ago
(Suc 1984). Generafor which early Pliocene or pre-Pliocene
fossil records are available in western Mediterranean basin
localities (either pollen or macrofossils) are considered de-
scendants of lineages that certainly did not evolve under
contemporary Mediterranean climatic conditions (Herrera
1992). Pre-Mediterranean genera evolved from tropical-like
environments that gradually incorporated seasonal aridity
(DiCastri 1981). In contrast, genera with no Pliocene fossil
records more likely represent lineages appearing in the re-
gion (by in situ evolution or migration) after the establish-
ment of current Mediterranean climatic conditions.

The summer of 1994 was extremely dry in Spain, espe-
cialy in the meridional part. It was the culmination of a
period of 5dry yearswithanimportant hydric deficit (Montoya
1999). Weaimed (1) to study whether therewaslargedamage
to the woody flora of central and southern Spain as a conse-
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guence of the drought, and (2) to test our hypothesis of
different degrees of damage and recovery in pre-Mediterra-
nean (pre-Pliocene) and M editerranean (post-Pliocene) gen-
eraandindifferent functional types (treesversusshrubs). We
monitored woody vegetation in winter 1994-1995 after the
severedrought, andin autumn 1996 to foll ow the progression
of damage after a period that included awet year (1996).

Methods

We monitored 190 sites of 100 ha each corresponding to
the sites of the Central and Southern Spain network for forest
damage monitoring (a network with sampling sites located
every 16x16 km in the whole European Union) (Figure 1).
These network sitesare being monitored annually since 1987
(Montoya and Lépez Arias 1997). Specia additional moni-
toring campaigns were conducted in winter 1994—1995 after
the severe drought, and in autumn 1996 after a wet year
(Montoya 1999, Pefiuelas et al. 1998). Health status of tree
and shrub species were recorded in each site.

At each 100 hasite, for each present woody species, 24
individuals chosen following the methodol ogy of the Eu-
ropean Unionmonitoring network asdescribedin Montoya
and Loépez Arias (1997) were monitored. Four average
levels of aboveground damage were established for each
speciesbased on visual examination: 0—no damage, 0.33—
moderate decol oration or defoliation, 0.66—severe decol -
oration or defoliation, and 1—completely decolorated or
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defoliated (Montoya 1999). Subsequent recovery was al so
assessed using this visual scale for the same individuals.
The average damage for the different species of each
genus was calculated in each site. Then, only the genera
present in more than 10 sites (the pre-Mediterranean
Pistacia, Olea, Juniperus, Pinus, and Quercus and the
Mediterranean Lavandula, Erica, Genista, Cistus, and
Rosmarinus) were used in the overall drought damage
calculation. We studied generainstead of species as units
of analysisto minimizetheinfluence of afew generawith
many species. Statistical analyses, including one-way
ANOVA analyses with drought damage as dependent
variable and historical group (pre-Mediterranean versus
Mediterranean) or functional group (trees versus shrubs)
as the independent factor, were conducted with commer-
cial software StatView 4.5 statistical program package
(Abacus Concepts, Berkeley, CA). Relative damage data
were arc sin transformed to meet normality requirements.

Results

Inwinter 19941995, after the severe drought, 80% of the
sitesincluded at least one genus with some damage (Figure
1). Table 1 shows the percentage of sites with drought-
damaged plantsfor each one of the most abundant species. In
autumn 1996, 67% of the sites were till affected, thus
showing the strong intensity of the drought and its persistent
effects. Some of the pre-Mediterranean genera such as Olea
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Figure 1. Natural vegetation health status in the 190 studied forest sites of Central and Southern Spain after the
severe 1994 drought. Dry trees or shrubsreferto 1 (completely decolorated or defoliated), and healthy trees or shrubs
refer to 0 in our genus damage scale (see Methods section in the text).
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Table 1. List of the most abundant species in the 190 sites studied in central and meridional Spain together with the
percentage of sites presenting drought-damaged and dry (completely decolorated or defoliated) plants in 1994, after
the severe drought episode, and in 1996, after a wet year. Species are ordered by the percentage of sites in which
they were dry (completely decolorated or defoliated) in 1994. Evolutionary history (Pre, Pre-Mediterranean; Med,

Mediterranean; Alloc, Allocthonous).

Evolutionary ~ Presence Damaged Dry Damaged Dry

Species history (no. of sites) 1994 1994 1996 1996
......................................... (Yo SILES)-wereevereerersrverrmirernirernierienenns

Total 190 80.00 11.00 67.00 6.00
Cistus monspeliensis Med 10 70.00 60.00 30.00 10.00
Genista spp. Med 38 60.53 55.26 15.79 13.16
Erica spp. Med 11 81.82 54.55 0.00 0.00
Pinus sylvestris Pre 17 70.59 35.29 35.29 5.88
Lavandula spp. Med 13 38.46 30.77 0.00 0.00
Pinus nigra Pre 38 73.68 28.95 26.32 15.79
Cistus albidus Med 11 36.36 27.27 54.55 18.18
Cistus salvifolius Med 15 33.33 26.67 0.00 0.00
Quercus coccifera Pre 41 75.61 24.39 63.41 9.76
Juniperus communis Pre 18 61.11 22.22 66.67 16.67
Pinus pinaster Pre 31 45.16 19.35 32.26 19.35
Rosmarinus officinalis Med 50 56.00 18.00 52.00 22.00
Eucalyptus spp. Alloc 12 50.00 16.67 50.00 25.00
Quercus ilex Pre 107 67.29 15.89 50.47 13.08
Pinus halepensis Pre 46 69.57 13.04 65.22 15.22
Juniperus phoenicea Pre 18 16.67 11.11 38.89 16.67
Quercus suber Pre 23 91.30 8.70 56.52 0.00
Juniperus thurifera Pre 16 12.50 6.25 25.00 6.25
Cistus ladanifer Med 45 20.00 4.44 17.78 8.89
Juniperus oxycedrus Pre 40 17.80 2.50 60.00 7.50
Pinus pinea Pre 11 45.45 0.00 63.64 9.09
Olea europaea Pre 14 35.71 0.00 50.00 0.00
Pistacia lentiscus Pre 15 26.67 0.00 13.33 0.00
Quercus faginea Pre 21 9.52 0.00 14.29 4.76

or Juniperus presented an even larger number of damaged
sitesin 1996 than in 1994 (Table 1). The percentage of plots
that had both dry (completely decolorated or defoliated; 1in
the damage scale) trees and dry shrubs was 11% in winter
1994-1995and still 6% in autumn 1996.

Figure 2 plots the drought-damage in 1996 after the wet
year versus the drought-damage in 1994 after the severe
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Figure 2. Average relative drought damage (defined from 0—
healthy to 1—dry, completely decolorated or defoliated) of the
studied woody species in 1996 versus their average relative
drought damage in 1994, immediately after the severe drought.
Full squares stand for Mediterranean species and empty squares
for pre-Mediterranean species.
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drought for each one of the studi ed species. Speciesbelow the
45° line are those which recovered at least somewhat. The
speci esthat recovered better weremostly those of Mediterra-
nean genera. Mediterranean genera (Lavandula, Erica,
Genista, Cistus, and Rosmarinus) were more damaged by the
1994 drought than pre-Mediterranean genera(Pistacia, Olea,
Juniperus, Pinus, and Quercus) (P<0.01, ANOVA), but they
were eventually moreresilient and recovered better after the
wet 1996 year (P < 0.01, ANOVA) (Figure 3). The percent-
age of damaged plants in the pre-Mediterranean genera did
not decrease in 1996, showing a persistent drought-driven
damageasconfirmed by i sotopic studiesof holm oak (Quercus
ilex) forests of NE Spain (Pefiuelas et al. 2000). On the
contrary, the Mediterranean genera recovered much better
and had dlightly healthier status than pre-Mediterranean
generain 1996. An alocthonous genus such as Eucalyptus
wasstrongly affected after the drought and itsdamage symp-
toms even increased after the wet 1996 (Figures 2 and 3).

Discussion

The first conclusion of this study was that a severe
drought such as that of 1994 produced severe and exten-
sive damage to the Mediterranean vegetation of central
and southern Spain (Figures 1, 2, and 3) in agreement with
more local studies (Lloret and Siscart 1995). The second
conclusionwasthat different generaresponded differently
to the severe drought. Mediterranean genera were more
affected than the pre-M editerranean genera, but recovered
better after the wet 1996 (Figures 2 and 3). Not only
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Figure 3. (a) Relative recovery after the wet year 1995-1996
versus relative drought damage after the 1994 drought for the
different pre-Mediterranean and Mediterranean woody genera.
Drought damage was defined from 0—healthy to 1—dry
(completely decolorated or defoliated). (b) Average relative
drought-damage of pre-Mediterranean genera (Pistacia, Quercus,
Olea, Pinus, and Juniperus), Mediterranean genera (Cistus,
Rosmarinus, Lavandula, Genista, and Erica), and allocthonous
Eucalyptus in the 190 sites studied in central and meridional
Spain. For these calculations only the genera present in more
than 10 stations were considered. Bars are means + SE (n =5
genera). ¥*P < 0.01 in ANOVA of arc sin transformed data on
relative damage as dependent variable and evolutionary history
group as independent variable.

evolutionary history accounts for these results. Other
linked factors, difficult to separate from evolutionary
history, such as different functional type or generic traits,
might have explained the response pattern of the different
genera. For example, Mediterranean genera are mostly
shrubs, whereas pre-M editerranean generaaremostly trees.
However, when all evolutionary types were combined
according tofunctional type (trees—Olea, Juniperus, Pinus
and Quercus—and shrubs—Pistacia, Lavandula, Erica,
Genista, Cistus and Rosmarinus), no ANOV A significant
differences between the two functional types were found
either in damage or recovery. As the grouping of genera
based on functional types does not differ too much from
the grouping based on evolutionary history (only one pre-
Mediterranean genus, Pistacia, wasashrub), it isdifficult
to assess the relative role of evolutionary history in com-
parison with the functional type. However, at least in this
study, the evolutionary history appeared as a slightly
better classifier of the Spanish woody floraresponseto the
severe 1994 drought.

The two historical groups are associated with charac-
teristic sets of life-history and functional features. The
pre-Mediterranean generamostly includelarge, deeprooted
shrubsand treeswith sclerophyllous, evergreenleavesand
long life-span. The Mediterranean genera have evolved a
set of characteristics that can roughly be described as
small size, short lifespan, shallow root systems, and facul-
tative drought-deciduous leaves. Some attempts to dis-
criminate the functional response of Mediterranean
sclerophyllous evergreen shrubs versus malacophyllous
deciduous ones have been done in relation to water and
nutrient use and in relation to drought tolerance and
drought evasion (Mooney 1989). Deep-rooted systems
present in most evergreen speciesmay confer theability to
use deep water tabl es, while deciduous speciesmay dimin-
ish evapotranspiration through leaf dropping. This facul-
tative decidousness may explain the faster recovery of
M editerranean speciesafter aseveredrought period. Thus,
post-Pliocene Mediterranean genera seem more adapted
to respond to a highly unpredictable environment with
great seasonal and interannual variability and subjected to
frequent disturbances.

A long, severe drought episode followed by a rain
season, as occurred along the 1994-1996 period, is an
extreme case of thetypical inter- and intraannual climatic
variability inwhich new Mediterranean taxa emerged and
evolved. Asaresult of thissevere 1994 drought, therewas
extensive damage to the Mediterranean woody flora, and
different damage and recovery responses of different gen-
erathat can be linked to their previous evolutionary his-
tory. These responses also show how changes associated
with climatic change may depend on fine-scale climatic
patterns (interannual variability). Understanding these
responses may be important for predicting future species
assemblages from the current ones, which consist of both
pre-Mediterranean and Mediterranean species and pro-
vide a broad range of pre-adaptation features.
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