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Leaf mass per area (LMA) is an important variable in a set of coordinated leaf traits
to determine plant species’ ecological strategies. We hypothesized that LMA was the
main predictor of the adaptive strategies of Sesleria juncifolia and S. nitida (Poaceae),
growing on Mount Terminillo (Central Apennines) and cultivated ex sifu. We broke
LMA down into leaf anatomical components (i.e. leaf tissue density and thickness) and
then related them to physiological traits. We found that the different habitats of the two
species determine a different control of the anatomical components of the LMA varia-
tion. These differences are related to photosynthetic capacity, scaling linearly with leaf
biomass investment per unit leaf area. On the whole, our study, taking into account the
changes in LMA and its anatomical components, provides a trait framework which
could be used to analyze adaptive strategies of other species in dry, mountain grass-
lands.

Introduction

Leaf trait variation among plants occurs in a coor-
dinated way (Villar et al. 2013) resulting in groups
of co-varying traits (Maire ef al. 2013). Thus, it is
important to analyze correlations among traits,
investigate the mechanisms highlighting the coor-
dination of them within and among species, and
relate the traits to plant strategies (Westoby et
al. 2002, Maire et al. 2013). Leaf mass per area

(LMA, ratio of leaf dry mass to leaf area) plays
a central role in plant strategies (Westoby 1998,
Castro-Diez et al. 2000, Gratani et al. 2009, Villar
et al. 2013, Cheng et al. 2014). Photosynthetic
capacity generally scales linearly with leaf bio-
mass investment per unit leaf area (Gratani &
Varone 2006), rendering anatomy the main driver
of light-saturated photosynthetic rate (Poorter et
al. 2009). LMA has been used as an indicator of
species position along a gradient from resource-
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rich to resource-poor environments (Reich et al.
1992, Cornelissen et al. 1996, Westoby 1998,
Castro-Diez ef al. 2000). High LMA is advanta-
geous under adverse growing conditions (Poorter
et al. 2009), where slow tissue turnover is favored
(Grime 1977, Chapin ef al. 1993, Turner 1994).
Moreover, high LMA has been interpreted as an
adaptation to drought (Salleo & Lo Gullo 1990,
Gratani & Varone 2004) generally associated with
a long leaf life span (Mediavilla et al. 2001,
Westoby et al. 2002, Catoni & Gratani 2014).
Differences in LMA among species can arise
from changes in leaf thickness or density within
the leaf, or both (Witkowski & Lamont 1991,
Niinemets 1999, Poorter et al. 2009). Therefore,
LMA is an important variable in a set of coordi-
nated traits to determine the species’ ecological
strategies (Villar ef al. 2013).

The grass genus Sesleria is mainly distrib-
uted in Europe (Tutin ef al. 1980, Di Pietro ef al.
2004). Sesleria juncifolia colonizes calcareous,
dry grasslands of the subalpine plain. It is an
Amphi-Adriatic species distributed throughout
the Balkan Peninsula, and in Italy from 300 to
more than 2500 m a.s.l. (D1 Pietro et al. 2004).
Sesleria nitida colonizes dry grasslands of the
subalpine plain (Wellstein ef al. 2013, 2014).
In Italy, S. nitida is encountered on the main
carbonatic massifs of the Central and Southern
Apennines from 600 to 2000 m a.s.1. (Tutin ef al.
1980, Pignatti 1982, Brullo & Giusso Del Galdo
2006, Gratani et al. 2014, Puglielli e al. 2014).

The necessity to achieve more insight into the
performance of plants under changing climate
requires understanding the traits that cause LMA
variation and its physiological consequences
(Garnier et al. 1999, Nimnemets 1999, Niinem-
ets 2001, Poorter et al. 2009, Villar et al. 2013).
Since plant strategies are expressed in correla-
tions of traits, a small set of traits should serve
as a surrogate of them (Craine et al. 2001). The
main objective of this study was to analyze
the main determinants of LMA in S. juncifolia
and S. nitida growing at the same altitude on
Mount Terminillo (Central Apennines, Italy), but
in different habitats. In particular, we tested the
hypothesis that LMA variation could be driven
by the same leaf traits in these congenerics. Thus,
differences in LMA could be used to determine
the species’ adaptive strategies. To answer these

questions, we broke LMA down into its ana-
tomical and morphological components, and then
related them to the physiological traits of the
study species.

Material and methods
Study area and climate

The study was carried out in the Botanical
Garden of the Sapienza University of Rome
(41°54°08°’N, 12°31°03E), in January—July
2013, on 20 representative transplanted specimens
of both S. nifida and S. juncifolia, collected in
June 2012 from Mount Terminillo (Sella di Leon-
essa, 42°28°28°°N, 13°0024"’E, 1895 m asl.; S.
nitida 42°28°24°°N, 13°0024”E, 1895 m asl;
S. juncifolia 42°28°27°°N, 13°0021”E, 1904 m
a.s.l). Sesleria nitida thrived on steep screes char-
acterized by discontinuous swards with a steep
inclination and erosion resulting from the cryo-
clastic origin of the soils (D’Ottavio et al. 2005),
and exposed to a limited cryoturbation due to the
prolonged and abundant snow cover in winter.
Sesleria juncifolia grew along crests on the moun-
tain summit areas exposed to cold winds blowing
mainly from the northeast and with a high debris
component in the soil as well as large rock out-
crops (Costanzo et al. 2009), which are snow-free
for long periods. The plants are thus exposed to
the severity of the climate (Lancioni et al. 2011),
providing a strong selection pressure.

The climate of Mount Terminillo is char-
acterized by a mean minimum air temperature
(Tmm) of the coldest month (February) of 4.3 °C,
a mean maximum air temperature (7, ) of the
hottest month (August) of 20.9 °C, and a mean
annual air temperature (Tm) of 6.6 °C. The aver-
age total annual rainfall is 1249 mm and snow
occurs from November to May. However, there
was no snow on the crests of the summit areas
from March onwards (data from the Meteorolog-
ical Station of Colle Scampetti, Centro Appen-
ninico Carlo Jucci, for the years 1997-2012).

The plants were cultivated in pots (32 cm
diameter, and 29 cm deep) containing peat and
soil (1:3). The soil comprised silt (8%), clay
(32%) and sand (60%). Soil pH was 7.2-7.5.
Plants were cultivated outdoors (PPFD > 1000
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pmol photon m™ s) and watered regularly to
field capacity. During the study period, T, was
154°C, me (July) was 31.7 °C and Tmm (Febru-
ary) was 3.5 °C.

Morphological leaf traits

Measurements of morphological traits were car-
ried out on fully expanded leaves (n = 20 for
each species) collected at the beginning of June
2013 from the selected plants. The following
parameters were measured: leaf area (LA, m?)
excluding sheath, by an Image Analysis System
(Delta-T Devices, UK) and dry mass (DM, g)
after drying at 80 °C to constant mass. The leaf
mass per unit of leaf area (LMA, g m™) was
calculated as the ratio of DM to LA (Reich et
al. 1992) and leaf tissue density (LTD, g cm™)
as the ratio of LMA to total leaf thickness (LT)
(Wright ef al. 2004).

Anatomical leaf traits

Measurements of anatomical leaf traits were
conducted on fully expanded leaves (n = 20 for
each species) collected at the beginning of June
2013 from the selected plants and analyzed by
light microscopy using an image analysis system
(Axiovision AC software) at the midpoint of
the leaf, according to Allard et al. (1991). Leaf
cross-section width was on an average 3 + 1 mm.
The following parameters were measured: total
leaf thickness (LT, cm); abaxial and adaxial epi-
dermis thickness (ETab and ETa 4 €M), thickness
of the upper sclerenchyma layers (UST, cm),
height and width of the major lateral vascular
bundle (HLB and WLB, respectively, cm) and
of the central vascular bundle (HCB and WCB,
respectively, cm), according to Kuzmanovié et
al. (2009) and Gratani ef al. (2014). The volume
of leaf tissues (t) per unit of leaf area (VA)
was calculated as VA, = CD, x CS_(Villar et al.
2013), where CDt 1s the total cell number of the
tissue on the leaf cross-sectional area, and CS,
is the mean cell size of the tissue. In particular,
the volumes of the mesophyll (VAm), epidermis
(VA), vascular plus sclerenchymatous tissues
(VA,,) and air spaces (VA ) were calculated.

V4§

Gas exchange measurements

Gas exchange measurements were carried
out monthly on fully expanded leaves (n =
5 leaves per plant, per species) from January
to July 2013. Net photosynthesis per unit leaf
area (A,, ymol CO, m™ s™), stomatal conduct-
ance (g, mol HZO_ m~ s71), transpiration (E,
mmol H,0 m~ s), leaf temperature (F, °C),
photosynthetically active radiation (PPFD,
pumol photon m™ s™) and intercellular CO,
concentration (Ci, pumol CO, mol air') were
measured with an open, infrared CO, gas ana-
lyzer (ADC LCA4, UK), equipped with a leaf
chamber (PLC, ADC, UK). Measurements were
carried out on cloud-free days (PPFD > 1300
p#mol photon m~ s) in the morning (from 9:30
to 12:30) to ensure that the maximum daily pho-
tosynthetic rate was measured (Reich ez al. 1995,
Varone & Gratani 2007). Net photosynthesis per
unit leaf mass (A, nmol Co, g s!) was also
determined.

On each sampling occasion, respiration (R,
pmol CO, m™ s™) rate measurements were car-
ried out on the same leaves after A, measure-
ments, as CO, efflux, darkening leaf chamber by
a black paper for 30 min prior to measurements
to avoid transient post-illumination bursts of CO,
releasing (Atkin et al. 1998). R, and A were
recorded as the mean measured rate for three fol-
lowing days per month characterized by the same
weather conditions. The ratio between R and A,
(RD/Aa) was calculated, according to Galmés et
al. (2007). The water use efficiency (i.e. the rate
of carbon gain per unit of increased stomatal con-
ductance) for both species was evaluated from
the relationships between A, and g_according to
Hetherington and Woodward (2003).

Statistical analyses

Differences in morphological and anatomical
leaf traits between Sesleria nitida and S. juncifolia
leaves were analyzed using MANOVA. Linear
regressions were calculated to evaluate the rela-
tionships between LMA and LTD, LMA and
LT, and LTD and LT. The same variables were
plotted against A, and A . Regression analysis
was also carried out to evaluate the relationships
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between LMA and the other considered anatomi-
cal leaf traits, between A, and g, and between E
and g . Two-way ANOVA was performed on the
physiological variables in order to evaluate the
effect of the main factors (month and species)
and their interaction (month x species) on the
response variables. Multiple comparisons were
done with Tukey’s HSD post-hoc test.

Results and discussion

The assessment of plant response to environ-
mental factors contributes to our understanding
of ecological differences among species (Bazzaz
1996). A fundamental question in a global climate
change context is how plants respond to new envi-
ronmental conditions and what mechanisms are
involved in the process (Parmesan 2006).

Our results show significant differences
in leaf traits (Table 1) and in volumes of the
selected leaf tissues per unit area (Table 2)
between S. nitida and S. juncifolia. LMA of

both species (medians of 84 and 153 g m™ for
S. nitida and S. juncifolia, respectively) was
higher as compared with that of other grami-
noids (median = 72 g m™; Poorter et al. 2009).

In S. nitida, LMA correlated positively with
LTD (> = 0.69, n = 20, p < 0.0001), and LTD
correlated negatively with LT (> = 0.35, n =
20, p < 0.001), while there was no correlation
between LMA and LT.

In S. juncifolia, LMA was considerably
higher than in S. nitida (Table 1), LMA corre-
lated positively with both LTD and LT (2 =0.97,
n=20,p <00001; and > = 0.70, n = 20, p <
0.0001; respectively), and LTD correlated posi-
tively with LT (72 =0.52,n = 20, p <0.0001).

The lowest A for S. nitida and S. juncifo-
lia (61 +04 and 54 + 04 ymol CO, m™ s
for, respectively) was measured in February (air
temperature = 7.5 °C); it increased by 87% and
93%, respectively, in April (air temperature =
16.1 °C), and then decreasing by 51% and 67%,
respectively, in July (air temperature = 25.6 °C)
(Fig. 1a).

Table 1. Morphological and anatomical leaf traits of Sesleria nitida and S. juncifolia. LA = leaf area, DM = dry mass,
LMA = leaf mass per area, LTD = leaf tissue density, LT = total leaf thickness, ET,, = abaxial epidermis thickness, ET,,
=adaxial epidermis thickness, CD, = cellular density per total leaf cross-sectional area for mesophyll, CD, = cellular
density per total leaf cross-sectional area for epidermis, UST = thickness of the upper sclerenchyma layers HLB =
height of the major lateral vascular bundle, WLB = width of the major lateral vascular bundle, HCB = height of the cen-
tral vascular bundle, WCB = width of the central vascular bundle, CD,_ . = cellular density per total leaf cross-sectional

vis T
area for vascular plus sclerenchymatous tissues. Mean values (+ SE) are shown (n = 20). Different letters indicate

significant differences between S. nitida and S. juncifolia leaves (MANOVA followed by Tukey’s HSD; p < 0.05).

S. nitida

S. juncifolia

Morphological traits
LA (m?)
DM (g)
LMA (g m2)
LTD (g cm™)
Anatomical traits
Non vascular traits
LT (cm)
ET,, (cm)
ET, (cm)
CD,, (number m-2)
CD, (number m=2)
UST (cm)
Vascular traits
HLB (cm)
WLB (cm)
HCB (cm)
WCB (cm)
CD,.. (humber m2)

V4S

0.000492 + 0.00022
0.04 +0.01°
82.7 +8.12

25+03

0.0033 + 0.000202
0.00027 + 0.0000172
0.00015 + 0.000012%

9.3 x 10* + 74012
5.5x10* + 27732
0.00099 * 0.0000502

0.00148 + 0.0000242
0.00091 £ 0.0000462
0.00124 + 0.0000282
0.00094 + 0.0000372
2.9 x 10° + 508732

0.000088 * 0.000029°
0.01 +0.003°
148.1 £ 31.1°
58 £0.9°

0.0026 + 0.00014>
0.00016 + 0.000014°
0.00012 + 0.000012°

1 x10% £ 2920°

6.2 x 10* + 27532
0.000573 * 0.000026°

0.000815 + 0.000086°
0.00055 + 0.000035°
0.00071 + 0.000049°
0.00061 + 0.000037°
3.9 x 10° + 29938°
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Table 2. Volumes of the selected leaf tissues per unit area (I m=) of Sesleria nitida and S. juncifolia. VA, = volume
of the mesophyll per unit area, VA, = volume of the epidermis per unit area, VA = volume of the vascular plus
sclerenchymatous tissues per unit area, VA, = volume of the air spaces per unit area. Mean values (+ SE) are
shown (n = 20 leaves). Different letters indicate significant differences between S. nitida and S. juncifolia leaves
(MANOVA followed by Tukey’s HSD; p < 0.05).

VA, VA, VA, VA,
S. nitida 36x107 £3x 102  2x107+26x10%% 29x107 + 24x 1092 1.4x107£3x 1092
S.juncifolia  4.2x107 £29x 109 2x 107+ 24x10°2  26x107 + 1.4x 1092 1.2x107+3x10°2




140

Puglielli et al. ANN.BOT.FENNICI Vol.52

S. nitidia: A, =20.9g, + 4.4, r? = 0.57*
S. juncifolia: A, = 34.2g, + 2.0, r? = 0.49*

0 0.1 0.2 0.3 0.4 0.5

Eoal sl . |
S. nitidia: E = 2.7g, +0.27, r?=0.39*
* S. juncifolia: E = 5.1 gs + 0.002, r? = 0.48*
0 0.1 0.2 0.3 0.4 0.5
gs (umol H,0 m2 s7)

Fig. 2. Regression analysis results. Sesleria nitida
(black line and symbols), S. juncifolia (gray line and
symbols). — a: Net photosynthesis per unit leaf area
(A, and stomatal conductance (g,). — b: Transpira-
tion (E) and stomatal conductance (g,). Individual daily
measurements carried out in the period January—July
2013 for S. nitida and S. juncifolia, respectively, were
used as experimental units (n =189, * p<0.01).

A, and g were significantly (two-way
ANOVA followed by Tukey’s HSD) higher in
S. nitida than in S. juncifolia (Fig. 1a and c),
while the latter had the highest R (Fig. 1d). The
respective R /A ratios were 0.24 +0.04 and
0.33 + 0.05 in February, increasing by 33% and
42%, respectively, in April, and decreasing by
56% and 34%, respectively, in July (Fig. le).
This was due to a greater decrease in R than
in A, (Fig. 1d and a). During the whole study
period, RD/Aa was, on an average, 61% higher in
S. juncifolia than in S. nifida.

According to two-way ANOVA, the effects
of species (F1,168 =315.03,p <0.0001, n = 182),
month (F6’168 =412.5,p=<0.0001,n =182) and
their interaction (F 5168 = 11.60, p = 0.00498, n =
182) on the physiological variables were signifi-
cant. In particular, most of the variability in A
E, and R was explained by month while species
affected mainly g_and R /A . The R /A, ratio can
be considered a simplified characterization of the
leaf carbon balance (Galmés ef al. 2007). During
the study period, R /A, was positive for both S.

nitida and S. juncifolia (0.23 + 0.07 and 0.37 +
0.07, respectively), and it was mainly affected by
species, despite A and R being mainly affected
by month. This means that A and R changed
throughout the year in a way preserving a posi-
tive carbon balance in both species; same was
found by Liang ef al. (2013) and Gratani ef al.
(2014) for other species. On the whole, month
affected the variability more than species or their
interaction.

A, and E correlated with g (Fig. 2a and b)
with the regression slopes being steeper for S.
Jjuncifolia than S. nitida.

In S. nitida, A, was positively correlated with
LMA (»=0.61,n=20,p <0.001) and LTD (> =
0.32,7n=20,p <0.001) but did not correlate with
LT. Although correlations between A and both
LMA and LTD were statistically significant, they
were both very weak (> =0.19,n=20,p <0.01;
r?=0.24,n =20, p <0.001; respectively), which
means that LMA and LTD had practically no
effect on A . In addition, A was not correlated
with LT.

In S. juncifolia, A, was positively correlated
with LMA (* =091, n = 20, p < 0.0001), LTD
(”*=0.86,p <0.0001) and LT (7> = 0.63,n = 20,
p <0.0001), while A was negatively correlated
with LMA (* = 0.83, n = 20, p < 0.0001), LTD
(*=0.82,n=20,p <0.0001) and LT (> = 0.64,
n=20,p <0.0001).

The relationship between LTD and LMA,
and LT and LMA, were different. Moreover,
LTD was negatively correlated with LT in S.
nitida. Since an increase in LTD and LT means
higher resistance to CO, diffusion between the
leaf intercellular air spaces and carboxylation
sites (Niinemets 1999), the negative correlation
between LTD and LT results in 17% higher VA,
which increases the CO, partial pressure at the
carboxylation sites (Niinémets 1999) in S. nitida.
This result is also confirmed by the stronger
correlation between LTD and A than LTD and
A_ pointing the importance of LTD in the photo-
synthetic process on a leaf area basis in S. nitida.
In S. juncifolia, A, was positively correlated LTD
and LT. A possible explanation of the different
trade-off between LTD and LT in S. juncifolia
may be derived from the control of the pho-
tosynthetic process through variations in LTD
and LT. In particular, by being positively cor-



ANN.BOT.FENNICI Vol.52 -

Leaf mass per area as the predictor of adaptive strategies in Sesleria 141

related with A, and negatively with A_, increase
in LTD and LT increase transpiration of carbon
and water through the leaf surface, and decrease
assimilation rates. This could be explained by
the stronger control of water loss in S. juncifolia
through reduction of CO, diffusion in both the
gaseous and liquid phase§ due to the increase in
LT and LTD confirmed by lower C, and g, (on an
average, 6% and 30% during the study period).
In fact, higher LTD — which is due to higher
CD,,, and CD_ — correlated positively with LT,
resulting in a reduced volume per leaf area of air
spaces and in lower photosynthetic rates, asso-
ciated with an increased water use efficiency,
indicated by the greater slope of the correlation
between A, and g (see Fig. 2a and Hethering-
ton & Woodward 2003). This is confirmed by
on average 17% lower A in S. juncifolia than
in S. nitida, associated with a greater water use
efficiency in the former species. The greater
water use efficiency in S. juncifolia is also due
to an increased stomatal control of transpiration,
indicated by the steeper slope of the regression
between E and g, (see Fig. 2b). Differences in
water use between S. nifida and S. juncifolia
were also confirmed by the greater effect of spe-
cies than month on g A lower 8, (by 30%) and,
thus, a lower E (by 12%) during the study period
could explain the 5% higher 7, which might in
turn explain the higher R (by on average 31%)
in S. juncifolia than in S. nitida. Moreover, the
higher respiration rates in S. juncifolia could
be due to more effective allocation of resources
in leaf construction often observed in species
whose LTDs are high (Niinemets 2001).

Conclusions

The results of this research confirm to the impor-
tance of leaf mass per area (LMA) in the adap-
tive strategies of S. juncifolia and S. nitida.
The highlighted differences in leaf traits are
adaptations of the two species to their different
habitats. Under the conditions on the crests of
the summit area, S. juncifolia is able to grow
due to a smaller leaf area (LLA), a higher LMA
and a better control of leaf transpiration rela-
tive to those of S. nitida. On the other hand, the
more favorable conditions on the screes explain

the higher A, in S. nitida, which is related to a
lower leaf tissue density (LTD) determining a
higher CO, partial pressure at the carboxylation
sites. Moreover, the species differ in the way the
structural components control variation in LMA
and thus the photosynthetic process. In fact,
considering that LMA itself may in many cases
be the target of selection (Niinemets 1999), our
results demonstrate that high LMA is favored in
the dry, mountain grasslands colonized by S. jun-
cifolia and S. nitida. Analysis of the components
of LMA (ie. leaf tissue density and thickness)
can provide better insight into the relationship
between physiological processes, leaf anatomy
and environmental conditions, as pointed out
by Witkowski and Lamont (1991), Niinemets
(1999) and Poorter et al. (2009).

Taking into account changes in LMA and its
anatomical components in relationship to physi-
ological parameters, our research reveals differ-
ences in the adaptive strategies of S. nitida and S.
Jjuncifolia, providing a complete trait framework
which could be used to analyze adaptive strate-
gies of other species in dry, mountain grasslands.

References

Allard G., Nelson C.J. & Pallardy S.G. 1991: Shade effects
on growth of tall fescue: I. Leaf anatomy and dry matter
partitioning. — Crop Science 31: 163-167.

Atkin OK., Evans JR. & Siebke K. 1998: Relationship
between the inhibition of leaf respiration by light and
enhancement of leaf dark respiration following light
treatment. — Australian Journal of Plant Physiology
25: 437-443.

Bazzaz F.A. 1996: Plants in changing environments: linking
physiological, population, and community ecology. —
Cambridge University Press, Cambridge.

Brullo S. & Giusso Del Galdo G.P. 2006: Taxonomic remarks
on Sesleria nitida Ten. (Poaceae), an orophyte endemic
to Sicily and the central-southern Apennines. — Plant
Biosystems 140: 43-49.

Castro-Diez P., Puyravaud J.P. & Cornelissen J.H.C. 2000:
Leaf structure and anatomy as related to leaf mass per
area variation in seedlings of a wide range of woody
plant species and types. —Oecologia 124: 476-486.

Catoni R. & Gratani L. 2014: Variation in leaf respiration and
photosynthesis ratio in response to air temperature and
water availability among Mediterranean evergreen spe-
cies. — Journal of Arid Environments 102: 82-88.

Chapin F.S., Autumn K. & Pugnaire F. 1993: Evolution of
suites of traits in response to environmental stress. —
American Naturalist 142: 78-92.



142

Pugliellietal. « ANN.BOT.FENNICI Vol.52

Cheng T., Rivard B., Sanchez-Azofeifa A.G., Féret J., Jac-
quemoud S. & Ustin SL. 2014: Deriving leaf mass
per area (LMA) from foliar reflectance across a variety
of plant species using continuous wavelet analysis. —
ISPRS Journal of Photogrammetry and Remote Sensing
87:28-38.

Cornelissen J.H.C., Castro-Diez P. & Hunt R. 1996: Seedling
growth, allocation and leaf attributes in a wide range of
woody plant species and types. — Journal of Ecology
84: 755-765.

Costanzo E., Furnari F. & Tomaselli V. 2009: A phytoso-
ciological survey of the main plant community types
of alpine and sub-alpine belt in the Sibillini Mountains
(Central Apennines, Italy). — Lazaroa 30: 219-250.

Craine J.M., Froehle J., Tilman D.J., Wedin D.A. & Chapin
F.S.2001: The relationships among root and leaf traits of
76 grassland species and relative abundance along fertil-
ity and disturbance gradients. — Oikos 93: 274-285.

Di Pietro R., D’Amato G. & Trombetta B. 2004: Kary-
ology and distribution of Sesleria tenuifolia complex
(Poaceae) in the Italian Peninsula. — Nordic Journal of
Botany 23: 615-623.

D’Ottavio P., Scotton M. & Ziliotto U. 2005: Pastoral value
of mountain pastures of Monti Sibillini (Central Apen-
nines, Italy) grazed by sheep. — Options Méditerranée-
nnes 67: 93-98.

Galmés J., Ribas-Carb6é M., Medrano H. & Flexas J. 2007:
Response of leaf respiration to water stress in Mediter-
ranean species with different growth forms. — Journal
of Arid Environments 68: 206-222.

Garnier E., Salager J.-L., Laurent G. & Sonié¢ L. 1999:
Relationship between photosynthesis, nitrogen and leaf
structure in 14 grass species and their dependence on the
basis of expression. — New Phytologist 143: 119-129.

Gratani L., Crescente M.F., D’Amato V., Ricotta C., Frat-
taroli AR. & Puglielli G. 2014: Leaf traits variation in
Sesleria nitida growing at different altitudes in the Cen-
tral Apennines. — Photosynthetica 52: 386-396.

Gratani L. & Varone L. 2004: Adaptive photosynthetic strate-
gies of the Mediterranean maquis species according to
their origin. — Photosynthetica 42: 551-558.

Gratani L. & Varone L. 2006: Long—time variation in leaf
mass and area of Mediterranean evergreen broad-leaf
and narrow-leaf maquis species. — Photosynthetica 44:
161-168.

Gratani L., Varone L. & Crescente M.F. 2009: Photosynthetic
activity and water use efficiency of dune species: the
influence of temperature on functioning. — Photosyn-
thetica 47: 575-585.

Grime J.P. 1977: Evidence for the existence of three pri-
mary strategies in plants and its relevance to ecological
and evolutionary theory. — American Naturalist 111:
1169-1194.

Hetherington AM. & Woodward FI. 2003: The role of
stomata in sensing and driving environmental change. —
Nature 424: 901-908.

Kuzmanovié N., Sinar-Sekulié J. & Lakusic D. 2009: Leaf
anatomy of the Sesleria rigida Heuffel ex Reichenb.
(Poaceae) in Serbia. — Botanica Serbica 33: 51-67.

Lancioni A., Facchi J. & Taffetani F. 2011: Syntaxonomical

analysis of the Kobresio—MYyosuroidis—seslerietea caeru-
leae and Carici Rupestris—Kobresietea Bellardii classes
in the central southern Apennines. — Fitosociologia 48:
3-21.

Liang J., Xia J.,Liu L. & Wan S. 2013: Global patterns of the
responses of leaf-level photosynthesis and respiration in
terrestrial plants to experimental warming. — Journal of
Plant Ecology 6: 437-447.

Maire V., Gross N., Hill D., Martin R., Wirth C., Wright L.J.
& Soussana J. 2013: Disentangling coordination among
functional traits using an individual-centred model:
impact on plant performance at intra- and inter-specific
levels. — PLoS ONE 8(10): €77372. doi:10.1371/jour-
nal.pone.0077372.

Mediavilla S., Escudero A. & Heilmeier H. 2001: Internal
leaf anatomy and photosynthetic resource-use efficiency:
interspecific and intraspecific comparisons. — Tree
Physiology 21: 251-259.

Niinemets U. 1999: Components of leaf dry mass per area —
thickness and density — alter leaf photosynthetic capacity
in reverse directions in woody plants. — New Phytolo-
gist 144: 35-47.

Niinemets U. 2001: Global-scale climatic controls of leaf dry
mass per area, density, and thickness in trees and shrubs.
— Ecology 82: 453-469.

Parmesan C. 2006: Ecological and evolutionary responses
to recent climate change. — Annual Review of Ecology,
Evolution, and Systematics 37: 637-669.

Pignatti S. 1982: Flora d’Italia. — Edagricole, Bologna.

Poorter H., Niinemets U., Poorter L., Wright I.J. & Villar R.
2009: Causes and consequences of variation in leaf mass
per area (LMA): a meta-analysis. — New Phytologist
182: 565-588.

Puglielli G., Crescente M.F., Frattaroli AR. & Gratani L.
2014: Morphological, anatomical and physiological leaf
trait plasticity of Sesleria nitida in open vs shaded condi-
tions. — Polish Journal of Ecology 63: 1-10.

Reich P.B., Kloeppel B.D., Ellsworth D.S. & Walters M.B.
1995: Different photosynthesis-nitrogen relations in
deciduos hardwood and evergreen coniferous tree spe-
cies. — Oecologia 104: 24-30.

Reich PB., Walters M.B. & Ellsworth D.S. 1992: Leaf life-
span in relation to leaf, plant, and stand characteristics
among diverse ecosystem. — Ecological Monographs
62: 365-392.

Salleo S. & Lo Gullo M.A. 1990: Sclerophylly and plant
water relations in three mediterranean Quercus species.
— Annals of Botany 65: 259-270.

Turner IM. 1994: Sclerophylly: primarily protective? —
Functional Ecology 8: 669-675.

Tutin T.G., Heywood V.H., Burges N.A., Moore D.M., Val-
entine D.H., Walters SM. & Webb D.A. 1980: Flora
Europaea, vol. 5. — Cambridge University Press, Cam-
bridge.

Varone L. & Gratani L. 2007: Physiological response of eight
Mediterranean maquis species to low air temperature
during winter. — Photosynthetica 45: 385-391.

Villar R., Ruiz-Robleto J., Ubera J.L. & Poorter H. 2013:
Exploring variation in leaf mass per area (LMA) from
leaf to cell: an anatomical analysis of 26 woody species.



ANN.BOT.FENNICI Vol.52 -

Leaf mass per area as the predictor of adaptive strategies in Sesleria 143

— American Journal of Botany 100: 1969-1980.

Wellstein C., Chelli S., Campetella G., Bartha S., Galie¢ M.,
Spada F. & Canullo R. 2013: Intraspecific phenotypic
variability of plant functional traits in contrasting moun-
tain grasslands habitats. — Biodiversity and Conserva-
tion 22: 2353-2374.

Wellstein C., Campetella G., Spada F., Chelli S., Mucinad L.,
Canullo R. & Bartha S. 2014: Context-dependent assem-
bly rules and the role of dominating grasses in semi-nat-
ural abandoned sub-Mediterranean grasslands. — Agri-
culture, Ecosystems & Environment 182: 113-122.

Westoby M. 1998: A leaf-height-seed (LHS) plant ecology
strategy scheme. — Plant and Soil 199: 213-227.

Westoby M., Falster D.S., Moles A.T., Peter A., Vesk P.A.
& Wright 1.J. 2002: Plant ecological strategies: some

leading dimensions of variation between species. —
Annual Review of Ecology, Evolution, and Systematics
33:125-159.

Witkowski E.-T.F. & Lamont B.B. 1991: Leaf specific mass
confounds leaf density and thickness. — Oecologia 88:
486-493.

Wright LJ., Reich PB., Westoby M., Ackerly D.D., Baruch
Z., Bongers F., Cavender-Bares J., Chapin T., Cornelis-
sen JH.C., Diemer M.Flexas J., Garnier E., Groom
PK., Gulias J., Hikosaka K., Lamont BB., Lee T., Lee
W., Lusk C., Midgley JJ., Navas M.-L., Niinemets
U, Oleksyn J., Osada N., Poorter H., Poot P., Prior L.,
Pyankov VI., Roumet C., Thomas S.C., Tjoelker M.G.,
Veneklaas EJ. & Villar R. 2004: The worldwide leaf
economics spectrum. — Nature 428: 821-827.

This article is also available at http://www.annbot.net and http://www.bioone.org/loi/anbf



