
Ann. Bot. Fennici 38: 15–24 ISSN 0003-455X
Helsinki 23 March 2001 © Finnish Zoological and Botanical Publishing Board 2001

Differences in leaf traits among Mediterranean
broad-leaved evergreen shrubs

Loretta Gratani & Antonio Bombelli

Dipartimento di Biologia Vegetale, Università degli Studi di Roma “La
Sapienza”, P. le A. Moro 5, I-00185 Roma, Italy

Received 1 March 2000, accepted 22 November 2000

Gratani, L. & Bombelli, A. 2001: Differences in leaf traits among Mediterranean
broad-leaved evergreen shrubs. — Ann. Bot. Fennici 38: 15–24.

Leaf morphological and physiological traits of the broad-leaved evergreen shrub
species Quercus ilex, Phillyrea latifolia, Pistacia lentiscus, Arbutus unedo and Cistus
incanus of the Mediterranean maquis were studied. Specific leaf mass (SLM), leaf
tissue density (LTD), leaf life-span (LLS) and water use efficiency (WUE) were the
most representative key traits resulting from discriminant analysis. Cluster analysis
was used to identify the affinity among the species by statistical linkage. Dendro-
grams show two clusters characterised by a different integration of morphological and
physiological leaf traits: Quercus ilex, Phillyrea latifolia and Pistacia lentiscus were
in the same cluster, significantly different from that formed by Arbutus unedo and
Cistus incanus.
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Introduction

The structure of leaves has important implica-
tions for the performance of plants in specific
habitats (Garnier et al. 1999). Both between
and within species, leaves are different in
structure, including the plastic responses such
as leaf size and mass per unit leaf area (Guts-
chick 1999). Specialisation has allowed plant
species to co-exist in the same environment,
and species with similar morphological and

physiological traits reflect their evolutionary
adaptations. Species with different leaf mor-
phology and physiology are able to tolerate
different levels of stress, e.g. drought and high
air temperatures (Kloeppel et al. 1993, Abrams
et al. 1994).

In Mediterranean ecosystems, drought, high
irradiation and high air temperatures, for short
or long periods, dramatically influence plant
function thus limiting their production (Filella et
al. 1998). Many structural leaf traits can be
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explained as adaptations to enhance CO2 diffu-
sion within the leaf for photosynthesis (Parkhurst
1986). One morphological leaf trait that corre-
lates with CO2 assimilation is specific leaf mass
(SLM) (Mooney et al. 1978, Field & Mooney
1983, Ellsworth & Reich 1992). SLM is at the
centre of a nexus of covarying traits that togeth-
er affect the ecology of plant species (Shipley
1995). High SLM, leaf tissue density, leaf thick-
ness and reduced surface area (Abril & Hanano
1998, Castro-Díez et al. 1998) are features that
improve Mediterranean species drought resist-
ance, decreasing photochemical damages of the
photosynthetic system and reducing transpira-
tion rates by lowering leaf temperature under
water stress (Matsuda et al. 1989, Kao & For-
seth 1991, 1992, Abrams et al. 1994, Werner et
al. 1999).

The aim of this study was to analyse differ-
ences in leaf traits among the most representa-
tive broad-leaved evergreen shrub species of the
Mediterranean maquis at Castelporziano, Italy
(Amadori & Gratani 1991, Gratani et al. 1982,
Gratani 1995), and to cluster them by the affini-
ty of those traits that are involved in adaptive
strategies to drought. Consideration of adapta-
bility involves an interest in the response of
species to the forecasted increase of air tempera-
tures and drought for the Mediterranean Basin
(Merino et al. 1995, Filella et al. 1998). There-
fore we analysed relationships that exist be-
tween certain leaf traits and their adaptive sig-
nificance.

Material and methods

Study area

The study area is in the Mediterranean maquis
developing along the coast near Rome, in the
Castelporziano Estate (41°45´N, 12°26´E). The
broad-leaved evergreen shrub species Quercus
ilex L., Phillyrea latifolia L., Pistacia lentiscus
L., Arbutus unedo L. and Cistus incanus L.
(Gratani & Amadori 1991) were studied.

The full data set consisted of measurements
of 12 variables from 6 randomly selected indi-

vidual plants per species (Pyankov et al. 1999),
representative of the population (Gratani et al.
1980, Gratani & Amadori 1991). All measure-
ments were made on fully expanded “sun” leaves.

The area has a Mediterranean climate and
most of the total annual rainfall (726 mm)
occurs in autumn and winter. The mean mini-
mum air temperature of the coldest month (Feb-
ruary) is 3.9 °C, and the mean maximum air
temperature of the hottest month (August) is
30.8 °C. The dry period is from mid-May to
August (11% of total annual rainfall). Air hu-
midity decreases by 15% in the summer (data by
the Castelporziano Meteorological Station for
the years 1987–1999). The maquis lies on young
dunes; the soil is a regosoil (Gisotti & Collama-
rini 1982). Soil water content is in the range
0.5%–8% during the year, the annual minimum
occurring in August and the annual maximum in
December (Gratani 1994).

Leaf morphology

Leaf samples were collected on 15 September
1999. The projected leaf surface area (excluding
petiole) (SA) was measured on fresh leaves
using the Image Analysis System (Delta-T De-
vices, LTD, UK). Leaf dry mass (DM) was
determined drying at 80 °C to constant weight.
Specific leaf mass (SLM) was calculated as the
ratio of leaf dry mass to unifacial leaf area
(Reich et al. 1992). Leaf thickness was meas-
ured microscopically (Zeiss, GE) on cross sec-
tions at full leaf expansion. We restricted meas-
urements to vein-free areas (Chabot & Chabot
1977). Leaf tissue density (LTD) was calculated
as the ratio of DM and leaf volume (V) (g cm–3,
Witkowski & Lamont 1991), and leaf volume as
leaf area × leaf thickness. Leaf age was analysed
in situ by monitoring the number of nodes
(Reich et al. 1992), since the flushing patterns
were known (Gratani & Crescente 1997). The
maximum monitored leaf life-span (LLSmax) was
considered. The relative leaf area growth rate
(RGRla) was calculated as the rate of increased
leaf surface area at any instant in time (Fisher
1920, Bazzaz & Harper 1977). The maximum
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RGRla (RGRlam) rate during leaf expansion was
considered.

Leaf gas exchange

Field measurements were carried out on the
external fully sun exposed crown of the selected
species. All gas exchange measurements were
taken from April–May (favourable period, de-
termining maximum photosynthetic rates) to late
July (drought period, minimum photosynthetic
rates) to evaluate plant response to Mediterrane-
an stress (Pereira & Chaves 1995, Gratani &
Bombelli 2000). Gas exchange measurements
were made in situ under natural conditions, on
cloud-free days to ensure that near-maximum
daily photosynthetic rates were measured, as
suggested by Reich et al. (1991, 1995). Leaves
were retained in their natural orientation during
measurements.

Photosynthetic active radiation (PAR, µmol
photon m–2 s–1), net CO2 assimilation rate (PN,
µmol CO2 m–2 s–1), leaf temperature (LT, °C),
stomatal conductance to water vapour diffusion
(GS, mmol H2O m–2 s–1), and transpiration rate (E,
mmol H2O m–2 s–1) were monitored with an infra-
red gas analyser Ciras-1 open system (PP Systems,
UK), equipped with a 2.5 cm2 leaf area chamber
(Ciras-1 Parkinson Leaf Cuvettes, UK). The rela-
tive decrease of PN during drought (in respect to
the maximum) was also considered (PNr).

Instantaneous water use efficiency (WUE,

µmol CO2 mmol–1 H2O) was calculated by the
ratio of the measured PN and E rates (Wuen-
scher & Kozlowski 1971, Larcher 1995).

Statistics

All statistical tests were performed with a statisti-
cal software package (Statistica, Statsoft USA).
Differences in morphological and physiological
means of leaf variables were determined with the
analysis of variance (ANOVA) and Tukey test
for multiple comparisons. The relationships
among species were analysed with a multivariate
analysis based on the standardised values of
morphological and physiological leaf variables.
Cluster analysis (dendrograms) was used to ana-
lyse similarity among species. Distance among
species was Euclidean and distance between clus-
ters were defined as an unweighted pair-group
average, UPGMA. Discriminant analysis was
used to determine which variables discriminated
between naturally occurring clusters. Box and
whisker plots were used to compare the distribu-
tion of variables.

Results

Leaf morphology

All the analysed morphological leaf traits varied
among the species (Table 1). SLM was the

Table 1. Morphological leaf traits at full leaf expansion of Quercus ilex, Phillyrea latifolia, Pistacia lentiscus,
Arbutus unedo and Cistus incanus. Means with the same letter are not significantly different (ANOVA,
p > 0.05). Standard error is shown. DM = leaf dry mass; SA = leaf surface area; LTh = leaf lamina thickness;
SLM = specific leaf mass; LTD = leaf tissue density; RGRlam = maximum relative leaf area growth rate;
LLSmax = maximum leaf life-span.
————————————————————————————————————————————————
Species DM SA LTh SLM LTD RGRlam LLSmax

mg cm2 µm mg cm–2 mg cm–3 cm2 day–1 months
————————————————————————————————————————————————
Q. ilex 181 ± 34ac 8.7 ± 2.1a 310 ± 19a 20.7 ± 1.7a 669 ± 44a 0.063 ± 0.003a 36
P. latifolia 76 ± 19b 3.6 ± 0.6b 408 ± 25b 20.9 ± 2.0a 513 ± 33b 0.084 ± 0.005b 48
P. lentiscus 206 ± 53a 11.0 ± 2.7a 396 ± 22b 18.7 ± 1.3a 472 ± 38b 0.063 ± 0.004a 30
A. unedo 172 ± 28c 10.8 ± 2.3a 384 ± 28b 16.0 ± 1.1b 416 ± 26c 0.065 ± 0.005a 11
C. incanus 59 ± 16b 4.1 ± 0.5b 267 ± 19c 14.3 ± 1.5b 535 ± 21b 0.036 ± 0.003c 7
————————————————————————————————————————————————
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highest in Phillyrea latifolia and the lowest in
Cistus incanus (68% of the maximum). LTD
was the highest in Quercus ilex and the lowest in
Arbutus unedo (62% of the maximum). RGRlam

ranged from 0.036 (C. incanus) to 0.084 cm2

day–1 (P. latifolia).
Quercus ilex, Phillyrea latifolia and Pistacia

lentiscus had a LLSmax ranging from 2.5 to 4
years. In Arbutus unedo it was 11 months and
Cistus incanus produced “summer” leaves and
“winter” leaves with a LLSmax of 5 and 8 months,
respectively (see Table 1).

Leaf gas exchange

All the analysed physiological leaf traits varied
among the species (Table 2). Cistus incanus
showed the highest PN reduction (PNr) (57%)
during drought (mean LT = 35 °C), while Pista-
cia lentiscus had the lowest (40%). On average,
GS showed the same trend. Ed was the highest in
Cistus incanus (3.70 mmol m–2 s–1) and the
lowest in Arbutus unedo (1.81 mmol m–2 s–1).
Cistus incanus had the lowest WUEd (2.6 µmol
mmol–1) and Pistacia lentiscus the highest (3.3
µmol mmol–1) (see Table 2).

Comparison among species

Morphological and physiological leaf variables
were subjected to cluster analysis in order to
define the affinity among the species by statisti-
cal linkage.

The dendrogram obtained with the variables
SLM, LTD, RGRlam, PNr, GSd, Ed, WUEd and
LLSmax, showed two clusters (Fig. 1). Cluster 1
included Quercus ilex, Pistacia lentiscus and
Phillyrea latifolia; cluster 2 included Arbutus
unedo and Cistus incanus.

Quercus ilex, Phillyrea latifolia and Pistacia
lentiscus were characterised by a higher SLM
(mean 20.1 mg cm–2), LTD (mean 551 mg cm–3),
LLSmax (mean 38 months) and WUEd (mean 3.2
µmol mmol–1), but a lower PNf (mean 12.3
µmol m–2 s–1) and GSf (mean 216 mmol m–2 s–1).
Arbutus unedo and Cistus incanus were charac-
terised by a lower SLM (mean 15.1 mg cm–2),
LTD (mean 475 mg cm–3), LLSmax (mean 9T
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months) and WUEd (mean 2.7 µmol mmol–1),
but a higher PNf (mean 18.1 µmol m–2 s–1) and
GSf (mean 377 mmol m–2 s–1).

The discriminant analysis indicated that
SLM, LTD, LLSmax, PNr, Ed and WUEd were
the most representative leaf traits discriminat-
ing between the two clusters. A dendrogram
was obtained using these variables (Fig. 2); it
showed that the species within each cluster
were linked to each other at a better affinity

level. Nevertheless, as WUE was inclusive of
PN and E, the dendrogram obtained using SLM,
LTD, LLSmax and WUEd (Fig. 3), showed the
best affinity level.

Analysis of variance (ANOVA) and Tukey
test for multiple comparison showed a signifi-
cant difference (p < 0.01) between cluster 1 and
cluster 2. Box and whisker plots showed the
different distribution of the variables among the
species (Fig. 4).

Fig. 1. Dendrogram based on Euclidean distance and UPGMA using specific leaf mass (SLM), leaf tissue
density (LTD), the maximum leaf area relative growth rate (RGRlam ), the relative decrease of net photosyn-
thesis during drought (PNr), stomatal conductance during drought (GSd ), leaf transpiration rate during
drought (Ed), water use efficiency during drought (WUEd) and the maximum leaf life-span (LLSmax ) for
Quercus ilex, Phillyrea latifolia, Pistacia lentiscus, Arbutus unedo and Cistus incanus.

Fig. 2. Dendrogram based
on Euclidean distance and
UPGMA using specific leaf
mass (SLM), leaf tissue
density (LTD), the rela-
tive decrease of net pho-
tosynthesis during drought
(PNr), leaf transpiration
rate during drought (Ed),
water use efficiency dur-
ing drought (WUEd) and
the maximum leaf life-
span (LLSmax) for Quer-
cus ilex, Phillyrea latifo-
lia, Pistacia lentiscus, Ar-
butus unedo and Cistus
incanus.
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Discussion

Evergreen shrubs of Mediterranean maquis are
well-adapted to summer drought (Tenhunen et
al. 1990, Infante et al. 1999). However, they are
extremely sensitive to changes in length and
intensity of drought stress (Strain & Thomas
1995). Although there are numerous studies
dealing with leaf morphological trends in re-
sponse to environmental changes, their function-
al interpretation should be carefully considered
(Reich 1993, Smith et al. 1998).

The increase in CO2 concentration is predict-
ed to produce an increase in average global

temperature, modifying the intensity and inter-
action of environmental stress on plants (Watson
et al. 1990, Hope 1995, Merino et al. 1995,
Filella et al. 1998). Increasing drought stress
may be a major factor for the future survival of
species, particularly for vegetation in the areas,
such as Mediterranean type, where aridity is an
actual problem.

The results of this study on the whole show
significant differences between morphological
and physiological leaf traits of the broad-leaved
evergreen shrub species of Mediterranean maquis.
The combination of morphological and physio-
logical leaf traits provides support for the plac-

Fig. 4. Box and whisker
plots of Quercus ilex, Phil-
lyrea latifolia, Pistacia len-
tiscus, Arbutus unedo and
Cistus incanus using
specific leaf mass (SLM),
leaf tissue density (LTD),
water use efficiency dur-
ing drought (WUEd) and
the maximum leaf life-span
(LLSmax). Solid dot indi-
cates mean, box gives ±
standard error, and bar
shows ± standard devia-
tion.

Fig. 3. Dendrogram based
on Euclidean distance and
UPGMA using specific leaf
mass (SLM), leaf tissue
density (LTD), water use
efficiency during drought
(WUEd) and the maximum
leaf life-span (LLSmax) for
Quercus ilex, Phillyrea lat-
ifolia, Pistacia lentiscus,
Arbutus unedo and Cis-
tus incanus.
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ing of these species into two separate groups:
Quercus ilex, Phillyrea latifolia and Pistacia
lentiscus form one group (below referred to as
Group 1), and Arbutus unedo and Cistus incanus
form another group (Group 2). These groups
may be considered functional groups according
to Noble and Gitay (1996), Medail et al. (1998),
Breshears and Barnes (1999), i.e. they contain a
set of species with similar morphological, physi-
ological and phenological traits (Solbrig 1993).
The identified functional groups are defined by
their response to Mediterranean drought.

Species in Group 1 are evergreen sclerophyl-
lous species characterised by a high LLS, SLM
and LTD. The high SLM may be explained by
different chemical composition of the leaves and
cell wall constituents conferring stress resistance.
The following features in particular should be
emphasized: high fiber content (Castro-Díez et al.
1998), tannins and essential oils in Pistacia len-
tiscus (Mitrakos & Christodoulakis 1981, Castola
et al. 2000), foliar sclereids (Heide-Jorgensen
1990, Karabourniotis 1998, Gratani & Bombelli
2000) and a thicker cuticle in Phillyrea latifolia
(Gratani & Bombelli 2000), and monoterpenes
(Delwiche & Sharkey 1993, Loreto et al. 1996)
and polyphenol deposition (Karabourniotis et al.
1998) in Quercus ilex. The high SLM and LTD
result in a higher leaf compactness, limiting leaf
transpiration during drought (84% of the maxi-
mum in the favourable period) and conferring to
these species high efficiency in water use during
drought with respect to Group 2. Moreover, the
production of secondary metabolites (terpenes,
phenolics) may serve as a sink for the excess of
photochemical energy (Osmond et al. 1982),
preventing photoinhibition damages to the photo-
synthetic system during drought (Werner et al.
1999) and allowing a more efficient CO2 assimila-
tion under prolonged drought (L. Gratani & A.
Bombelli unpubl.).

The lower SLM and LTD of species of
Group 2 (mean 75% and 86%, respectively)
result in a higher Ed (128%) and a lower WUEd

(85%). Nevertheless, the low LTD allows a
better CO2 movement through the air spaces
between cells (Parkhurst 1986), resulting in a
higher photosynthetic rate during the favourable
period (mean 47% higher than in Group 1).

Species of Group 1 may be at a competitive

advantage relative to species of Group 2 in
regard to drought stress. Leaves with a higher
amount of biomass per unit of area (i.e. high
SLM and LTD) may be more efficient in water
use during drought. Moreover, the high leaf
longevity may enhance resource use efficiency
and the better WUE may be advantageous in
drought stress conditions.

These types of studies demonstrate that there
are plant functional groups which include one or
more species in the same habitat. The groups
can be used to identify general processes at
ecosystem level, thus developing a good under-
standing of the major trends in trait variations
and trait-environment correlations (Parker et al.
1989, Shipley et al. 1989, Barkman 1990, Kull
et al. 1995, Gratani & Foti 1998, Wilson et al.
1999). Moreover, the use of functional groups
may give the largest possible amount of infor-
mation on plants and ecosystem functioning
using only a limited number of key traits (Wil-
son et al. 1999).

SLM, LTD, WUE and LLS seems to be the
key traits characterising the broad-leaved ever-
green shrub species we studied. Other species
of the maquis, such as Smilax aspera (a liana)
should be studied to determine their inclusion
in the groups. The functional groups may be
suggested for a structural classification of the
Mediterranean maquis in addition to a floristic
one.
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