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mediterranean high-mountain ecosystems are considered to be among the most vulnerable to global change. Neverthe-
less they are still relatively little known and their structure and function have only been elucidated in last decade. High-
mountain environments are also currently target ecosystems for monitoring the changes caused by global change.
Specifically the glORIa project has developed a common long-term survey protocol of plant biodiversity changes in
these habitats. Other short-term studies can be combined with long-term protocols and make use of the data already available
in order to increase the understanding of these habitats and to predict the future responses of communities to global change.
We summarized the most relevant results already achieved with short-term studies using the data recorded with glORIa
protocols in Sistema Central. 

Keywords: species interactions, plant community ecology, ecological plant strategies, environmental constraints, Sierra
de guarrama, Sierra de gredos.

Resumen: gutiérrez girón, a. & gavilán, R.g. Seguimiento de la vegetación de la alta montaña mediterránea en el
Sistema Central (España): el proyecto GLORIA y estudios ecológicos relacionados. Lazaroa 34: 77-87 (2013).

a pesar de que los ecosistema de alta montaña mediterránea se consideran muy vulnerables a los procesos de cambio
global, el conocimiento que tenemos es todavía insuficiente; su estructura y funcionamiento han comenzado a ser abordados
en la última década. además, en la actualidad, los ecosistemas de alta montaña son objeto de diferentes estudios de segui-
miento de los efectos del cambio global. Una de estas iniciativas es el proyecto glORIa que ha desarrollado un protocolo
de muestreo común para el seguimiento de los cambios de la diversidad vegetal en ecosistemas de alta montaña. Otros es-
tudios a corto plazo pueden combinarse con el seguimiento a largo plazo de estos ecosistemas y emplear los datos recogidos
con el protocolo de muestreo glORIa para profundizar en el conocimiento de estos ecosistemas y poder predecir futuras
respuestas de las comunidades frente al cambio global. Resumimos los resultados más relevantes obtenidos utilizando los
datos recogidos del proyecto glORIa en el Sistema Central. 

Palabras clave: interacciones entre especies, ecología de las comuidades vegetales, estrategias y ecológicas de las
plantas, factores ambientales limitantes, Sierra de guadarrama, Sierra de gredos.
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INTRODUCTION 

High-mountain ecosystems in southern Europe
may markely change as a result of climate
change, since changes in temperature and preci-
pitation are predicted to be important (SCHöTER
& al., 2005; NOgUéS & al., 2007; ENglER & al.,
2011). In the study area the combined effect of
increasing temperatures and water deficit in sum-

mer (gIméNEz-BENavIDES & al., 2007; gaRCía-
CamaCHO & ESCUDERO, 2008) may represent a
challenge for plant communities living at higher
altitudes, since both factors may vary the length
of the effective growing season. The recent de-
crease of plant species richness in mountains of
south Europe showed by PaUlI & al. (2012), in a
very short period of time (observation period was
from year 2001 to 2008), confirms the high sen-
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sitivity of these ecosystems to global change. Du-
ring last decade, because the necessity for improve
the knowledge of these threatened ecosystems, se-
veral studies have started to figure out the dynamic,
structure and functional diversity of mediterranean
high mountain plant communities (gavIláN &
al., 2002; ESCUDERO & al., 2004; NavaRRO & al.,
2010; FERNáNDEz & mOlERO, 2011; gavIláN &
al., 2012) and the reproductive strategies of some
species living in theses ecosystems (gIméNEz-BE-
NavIDES, 2006; gaRCía-CamaCHO, 2009). Never-
theless the weight of environmental factors on the
structure and functioning of plant communities
are still little studied. 

High-mountain ecosystems have recently been
systematically surveyed to detect changes caused
by global change. The global Observation Rese-
arch Initiative in alpine Environemnts (glORIa,
www.gloria.ac.at) project has developed a standard
survey protocol of plant diversity changes in these
habitats (PaUlI & al., 2004). glORIa project pro-
tocols provide floristic, climatic and disturbance
data of the monitoring areas. Using those data and
combining with others like plant traits or soils pa-
rameters we have proposed short-term studies in
order to increase the understanding of these habitats
that may help to predict the future responses of
communities to global change. Thus, we summari-
zed the most relevant results already achieved with
short-term studies using the data recorded with
glORIa protocols in Sistema Central. Specifically
we present an brief summary of the studies of 1)
the main environmental gradients relating to plant
community composition (gUTIéRREz-gIRóN & ga-
vIláN, 2013), 2) the functional composition of plant
communities and its relationships with the environ-
mental factors (gUTIéRREz-gIRóN & gavIláN,
2013) and 3) the spatial pattern and species asso-
ciation in high mountain communities in Sistema
Central (gUTIéRREz-gIRóN & gavIláN, 2010). 

maTERIal aND mETHODS 

STUDy aREa

gloria target region in Sistema Central has
been established in two areas, the Sierra de gua-

darrama near madrid and the Sierra de gredos
western situated. The highest summits in these
mountains are Peñalara peak (2,429 m asl) in Sie-
rra de guadarrrama and almanzor peak (2,592 m
asl) in Sierra de gredos. There are few weather
stations in the Sistema Central, and most are si-
tuated in lowland areas. at the highest weather
station, located in the Navacerrada Pass in Sierra
de guadarrama (1890 m asl), the mean annual
precipitation is 1350 mm, with a slightly arid pe-
riod from may to October, with less than 10% of
the total annual rainfall. In Sierra de gredos the
mean annual precipitation has been estimated at
2000 mm at 2000 m asl, of which 77% falls as
snow (PalaCIOS & al., 2011). mean annual tem-
perature is 6 ºC at 1800 m asl, (RIvaS-maRTíNEz,
1983). above 2100 m asl the snow remains on
the ground for less than 40 days at the most ex-
posed sites and more than 220 days in leeward
sites (mUñOz & al., 1995; PalaCIOS & al., 2003).

GLORIA sampling protocol

From summer 2006 to 2008 we have established
points for permanent monitoring of high mountain
vegetation in six mountain summits of Sistema
Central following the glORIa sampling protocol
(PaUlI & al., 2004). Four summits were chosen in
Sierra de guarrama and two summits in Sierra de
gredos: Peñas de la Barranca (2170 m asl), gua-
rramillas (2210 m asl), Hermana menor (2270 m
asl), valdemartín (2280 m asl) in Sierra de guada-
rrama and Navasomera (2296 m asl) and El more-
zón (2362 m asl) in Sierra de gredos (Table 1).

On every summit, four quadrats of 3 x 3 m
were set at 5 m below the peak following the four
cardinal points. In each of these, four 1 x 1m plots
were sampled. These plots were arranged in the
corners of the 3 x 3 m grid (Figure 1). The varia-
bles slope, percentage cover of vascular plants,
bryophytes, lichens, litter, rock, scree, and bare
ground were recorded in each 1 x 1 m plot. Plots
were subdivided into 100 cells of 10 x 10 cm, and
the frequency occurrence of every vascular, li-
chen and bryophyte species was recorded in 100
cells in each plot. additionally the frequency of
clipped plant shoots and leaves in 100 cells per
plot was recorded to measure grazing impact.
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Temperature probes with dataloggers (geopreci-
sion mlog5W) were buried at a depth of 10 cm in
the centre of each 3 x 3 m quadrat (Figure 1). a
total of four temperature dataloggers were insta-
lled per summit. 

COllaTERal DaTa

additionally to the glORIa protocol we co-
llected compound soil samples near the corners of
each 3 x 3 m plot in every summits (Figure 1) to

Figure 1. – Diagram shows the sampling design (modified from PaUlI & al., 2004, gUTIéRREz-gIRóN & gavIláN,
2013).

Table 1
location of summits chosen for glORIa in Sierra de guadarrama and Sierra de gredos (Sistema Central, Spain)

mountain 
Summit name alt. Coordinates range y.S. vegetation
Peñas de la Barranca 2170 40º 46' N 03º 58' W guadarrama 2006 shrub communities of Senecioni-

(madrid) Cytisetum oromediterranei
guarramillas 2220 40º 47' N 03º 58' W guadarrama 2006 grassland of Hieracio myriadeni-

(madrid) Festucetum curvifoliae
Hermana menor 2269 40º 50' N 03º 57' W guadarrama 2007 grassland of Hieracio myriadeni-

(madrid) Festucetum curvifoliae shrub 
communities of Senecioni-Cytisetum
oromediterranei and Avenello 
ibericae-Juniperetum nanae

valdemartin 2280 40º 47' N 03º 59' W guadarrama 2006 grassland of Hieracio myriadeni-
(madrid) Festucetum curvifoliae

Navasomera 2296 40º15' N 05º 15' W gredos 2008 grassland of Agrostio rupetris-
(ávila) Minuartetum recurvae (=Sileno-

Jasionetum centralis)
morezón 2632 40º 15' N 05º16' W gredos 2008 grassland of Agrostio rupetris-

(ávila) Minuartetum recurvae (=Sileno-
Jasionetum centralis)

Their name, altitude (alt., in masl), geographical coordinates, year of sampling (y.S.) of vegetation and vegetation
type are indicated
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determine total soil carbon (Csoil) and nitrogen
(Nsoil) and soil pH. Climate variables were calcu-
lated from hourly temperature records of datalog-
gers installed on the summits. We calculated snow
cover duration (Dsnow), the number of days that
soil was frozen (Dice), the number of days with a
mean daily temperature ≥ 5ºC (D5C) as a surrogate
of the length of the growing season, mean tempe-
rature of the coldest month (Tcold), mean tempe-
rature of the warmest month (Twarm) and the
monthly mean for the daily soil temperature varia-
tion of the warmest month (Trange) as a surrogate
of dryness of soil. 

Functional traits were determined from plant
material of 21 species recollected in the study
area and from bibliography following the proto-
cols of CONERlISSEN & al. (2003). Functional
plant traits measured were: height and lateral
spread of the plant, leaf mass per area (lma),
leaf dry matter content (DmC), leaf nitrogen con-
centration, leaf size, seed mass, clonality and wo-
odiness (gUTIéRREz-gIRóN & gavIláN, 2013). 

STaTISTICal aNalySIS

a forward step-wise RDa analysis was carried
out to detect those environmental variables that
significantly explained a part of the floristic va-
riation. The significant environmental variables
obtained from the RDa analysis were divided
into three sets: soil, climate and grazing and a par-
titioning of variance analysis was performed with
RDa to evaluate the relative importance of each
set as predictor variables (BOCaRD & al., 1992;
lEgENDRE & lEgENDRE, 1998).

Plant traits were directly related to environ-
mental variables when the three matrices (envi-
ronment, species and traits) were analysed
simultaneously, using the fourth-corner analysis
proposed by DRay & lEgENDRE (2008). The
analysis calculates the statistic Srlq that measures
the link between species traits (Q matrix) and en-
vironmental conditions (R matrix), mediated
through the species matrix (l matrix) (Figure 2).
The significance of Srlq calculated for each pair
of environmental variable and plant trait was tes-
ted using the permutation model 5 proposed in
DRay & lEgENDRE (2008) (Figure 2).

Spatial pattern of species distribution in the
100 cell frame was analysed using SaDIE
(PERRy, 1998; PERRy & al., 1999). This method
uses distance to regularity to measure the total
distance involved in moving from the observed
spatial arrangements of counts to a regular arran-
gement. Division of the observed value of D by
the mean value from randomisation gives the
index of aggregation Ia. This index provides in-
formation on the overall spatial pattern of species.
a sample is clumped if Ia > 1; randomly distribu-
ted if Ia = 1, and regularly distributed if Ia < 1.

Positive or negative pairwise species associa-
tions were tested using contingency table analysis
with Pearson χ2 test on species presence/absence
data from each plot cluster (N=400) and only for
species occurring with a frequency per cluster
greater than 10%. Phi coefficient of each pairwise
association was calculated to measure the degree
of association between species. To avoid consider
significant associations caused by random, due to
the high number of species combinations, only
species associations with a p< 0.01 for Pearson
χ2 test and a Phi value >0.200 were considered.
Finally the Phi coefficient values between expo-

Figure 2. – Diagram of fourth corner analysis (DRay &
lEgENDRE, 2008). Floristic matrix is used to link and
find relationships between traits matrix (Q) and environ-
mental matrix (R). Relationships can be tested with dif-
ferent permutation tests models. Ho of model 5
simultaneously breaks the link among matrices.



sures and summits were tested with Kruskal Wa-
llis and mann-Whitney U test (SOKal & ROHlF,
1995). 

Ordinations were made by using CaNOCO
4.5 (TER BRaaK & ŠmIlaUER, 1998). Fourth-cor-
ner analysis and the permutation test were carried
out by using the fourth-corner function available
in the aDE4 package in R. Other statistical analy-
ses were made using SPSS 15.

RESUlTS 

ENvIRONmENTal FaCTORS

Significant environmental variables after for-
ward step-wise RDa selection were: pH, Nsoil,
Tcold, Twarm, Trange, Dsnow, D5C and grazing
damage. The reduced RDa model built with
these eight explanatory variables explained
53.3% of the total variation of the floristic ma-
trix and was highly significant (P=0.001,
monte Carlo test of all constrained axes). The
RDa ordination had two main axes of environ-
mental variability. The first axis extended from
higher soil N and grazing disturbance condi-
tions to long snow cover duration. The second
axis was related to soil temperature in summer
and the surrogate of water availability (i.e.
Trange), and pH (Figure 3). an analysis of the
species distribution showed that most woody spe-
cies, represented by creeping and cushion cha-
maephytes such as Minuartia recurva, Dianthus
gredensis or Thymus praecox, were located at the
colder summer sites. Species of lower altitudinal
ranges such as Cerastium ramosissimum, Rumex
angiocarpus and Agrostis castellana and the
psychroxerophilous Festuca curvifolia appeared
in warmer and drier summer situations (Figure
3). The cushion species Silene ciliata and Ja-
sione crispa and species at lower altitudinal ran-
ges which are frequent in grazing sites such as
Paronychia polygonilfolia, Rumex acetosella or
Agrostis castellana were related to long-lasting
snow conditions, while Armeria caespitosa and
Jurinea humilis were related to early melting
conditions (Figure 3). 

The fraction of variation explained indepen-
dently by each set of variables and the shared va-

riation was always highly significant (P<0.01;
monte Carlo test of all constrained axes). Climate
and soil explained most of the floristic variation
(Figure 4), while the grazing factor had the least
effect (Figure 4).

PlaNT TRaITS aND ENvIRONmENTal FaCTORS

most of plant traits showed significant rela-
tionships with environmental factors (Figure 5).
Traits related to resource acquisition such as leaf
size and leaf N concentration showed variation
in relation to temperature conditions and water
availability in summer, while leaf dry matter con-
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Figure 3. – Biplot of RDa model for species in axis 1
and 2: Species abbreviations: aC, Agrostis castellana;
aCE; Armeria caespitosa, aD, Agrostis delicatula; CR,
Cerastium ramosissimum; DF, Deschampsia flexuosa
subsp. iberica; Dg, Dianthus gredensis, EP, Erysimum
penyalarense; FC, Festuca curvifolia; FI, Festuca ibe-
rica; Hv, Hieracium vahlii; JC, Jasione crispa subsp.
centralis; JH, Jurinea humilis; KC, Koeleria crassipes;
lH, Luzula hispanica; mR, Minuartia recurva; NS, Nar-
dus stricta; Pa, Plantago alpina, PPO, Paronychia poly-
gonifolia; Ra, Rumex acetosella subsp. angiocarpus;
SCI, Silene ciliata; TP, Thymus praecox. Explanatory va-
riable abbreviations: D5C, length of the growing season;
Dice, number of days that soil was frozen; Dsnow, snow
cover duration; grazing, grazing disturbance; Nsoil, soil
nitrogen content, pH, soil pH; Tcold, mean temperature
of the coldest month; Twarm, mean temperature of the
warmest month; Trange a surrogate of dryness of soil
(gUTIéRREz-gIRóN & gavIláN, 2013).



tent was related to water availability and soil de-
velopment. Seed mass was related to snow cover
duration and water availability. Clonality was re-
lated to the duration of vegetative period and
water availability. grazing disturbance was rela-
ted to the mean plant height of species.

SPaTIal PaTTERNS aND SPECIES CO-OCCURRENCE

None of the species presented a regular distri-
bution and most showed a random distribution in
the plots. The species that presented an aggrega-
ted distribution in at least 50% of the observations
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Figure 4. – Partial reduced RDa model. Horizontal bars show total variation explained by each set of variables. In-
dependent and coincident effects are indicated by continuous arrows and dashed arrows respectively. Significance
of axes extracted after monte Carlo Permutation test is P=0.001 unless indicated.

Figure 5. – Summarized results of the fourth-corner analysis relating environmental variables to plant traits. Black
and grey squares indicate significant positive relationships, and white squares indicate not significant relationships.
Environmental variable abbreviations: Twarm, mean temperature of the warmest month (ºC); Trange, mean of daily
soil temperature variation of the warmest month (ºC); Dsnow, snow cover duration; D5C, length of the growing se-
ason; Nsoil, soil nitrogen content; pH, soil pH; grazing, grazing disturbance. Plant trait abbreviations: Height, height
of the plant; lspread, maximum lateral spread of the plant; lma, leaf mass per area; lDmC, leaf dry matter content;
lnitrogen, leaf nitrogen concentration; lsize, leaf size; Smass, seed mass.

Traits Environmental variables
Twarm Trange Dsnow D5C Nsoil pH grazing

Height
lspread
Woodiness
lma
lDmC
lnitrogen
lsize
Smass
Clonality



were Nardus stricta, Minairtia recurva, Luzula
hispanica, Thymus praecox, Jurinea humilis and
Rumex acetosella. Comparing the total Ia values
of each plot we observed that the distribution of
Ia values in northern exposures was bimodal, in-
dicating greater spatial heterogeneity. among the
three remaining exposures we observed that Ia va-
lues were significant higher in eastern exposures. 

The number of positive associations was al-
ways greater than the number of negative associa-
tions. There were no significant differences of Phi
values among exposures, and between summits.
Considering the overall positive associations Fes-
tuca iberica, Luzula hispanica and Minuartia re-
curva established the highest number of positive
associations, while Juniperus communis was the
most frequent participant in negative associations.
Comparing life forms we observed that bryophy-
tes and lichen species were often positively asso-
ciated, associations among chamaephyte species
were unusual and caespitose hemycriptophyte
species often participate in positive associations. 

DISCUSSION

Despite de prevaling harsh conditions of high
mountain ecosystems they showed an important
environmental variability determined by the dif-
ferent weight of several environmental factors
such as snow cover duration, windiness, insola-
tion, soil development (FISK & al., 1998; BRUNN
& al., 2006). The effects of these environmental
factors is modulated by topography and thereby
High moutain plant communities show a high
species turnover along topographical gradients
(KUDO & ITO, 1992; CHOlER, 2005; BRUNN & al.,
2006). In accordance with this we have observed
that in high-mountain plant communities in Sis-
tema Central, environmental variability is related
to the combination of climate, soil and grazing
disturbance factors, which explained an important
part of the floristic and functional variability of
these plant communities. 

In sites with lower summer temperatures and
poorly developed soils, most species were woody
and have small size, with flat form, and they had
smaller and denser leaves. Woodiness and denser

leaves indicate a higher longevity and lower tur-
nover rates of their structures (WIlSON & al.,
1999; ECKSTEIN & al., 1999; WRIgHT & al., 2004).
additionally their flat forms make them less prone
to the effects of wind and allow them to retain
warmth by acting as heat traps (KöRNER, 2003).
Their small leaf size reduces boundary layer re-
sistance (gaTES, 1980) which prevents overhea-
ting on sunny days, and can reduce water loss
(PaRKHURST & lOUCKS, 1972; gIvNISH, 1987); it
also allows them build their canopy early due to
the shorter expansion time required for small le-
aves (mOlES & WESTOBy, 2000). Small leaf size
also confers advantages for conserving resources,
since small leaves do not require a major inves-
tment in supporting structures such as strong
stems or leaf ribs (NIINEmETS & al., 2007), and
they are less prone to mechanical damage (DOlPH
& DIlCHER, 1980). This combination of plant
traits suggests that the least favourable sites for
resource acquisition and plant growth were sites
with lower summer temperatures, shorter gro-
wing seasons and poorly developed soils.

In contrast, at warmer summer sites with more
developed soils, species were often grasses, and
they have bigger and lighter leaves with higher
nitrogen content. These traits have been related
to rapid resource acquisition and higher turnover
rates of their structures (WRIgHT & al., 2004).
These sites may provide more favourable condi-
tions for temperature, and nutrient resources, but
they often appeared to be drier. Thus thermal ad-
vantage of warmer sites could offset the disad-
vantages of drier conditions in warmer sites but
only for those species more competitive that can
acquire resources more rapid, before the summer
drought limits their activity. 

attending to plant traits related to reproduction
and establishment we observed that species living
in drier sites often were clonal and they had big-
ger seeds. This combination of traits suggests an
ecological strategy of plants to maximize the es-
tablishment and survival in drier sites. larger
seeds may enhance seedling establishment
against drought hazards (mOlES & WESTOBy,
2004), while clonal reproduction may be impor-
tant to enhance the likelihood of persistence after
disturbance events (CORNElISSEN & al., 2003)
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that are possibly caused by more severe drought
episodes. In accordance with gIméNEz-BENavI-
DES & al. (2007) and gaRCía-CamaCHO & Escu-
dero (2008), these results suggest the importance
of water availability in establishment strategies in
mediterranean high-mountain ecosystems.

On the other hand, the weight of grazing dis-
turbance as a constraint was unclear, although
grazing affected community composition. Herbi-
vores selected taller plants that in the study area
were often graminoids with basal meristems that
can be the mechanism to survive grazing damage.
alternatively herbivores could be selecting taller
plants that simultaneously had greater leaf nitro-
gen content and thereby they had more palatable
leaves (gUTIéRREz-gIRóN & gavIláN, 2013). 

Spatial heterogeneity of a plant community
could be driven by several factors such as biotic
interactions (CallaWay & al., 1995; FaJaRDO &
al., 2008), environmental heterogeneity (EHREN-
FElD & al., 1997; HUTCHINgS & al., 2003) and
patterns of growth or seed dispersal (HERBEN &
al., 1995; NaTHaN & al., 2000). The higher va-
lues of Ia on eastern slopes and the bimodal dis-
tribution of Ia values on northern slopes showed
a higher spatial heterogeneity of species distri-
butions. Because we considered the overall spa-
tial structure of the community, the higher spatial
heterogeneity on northern and eastern exposures
may be related with a higher environmental he-
terogeneity. On northern exposures, environmen-
tal heterogeneity may be determined by a lower
winter temperatures, and on eastern exposures by
a higher grazing disturbance (gUTIéRREz & ga-
vIláN, 2010). Both factors have been described
previously as causes of environmental heteroge-
neity (BlISS, 1971; SEEBlOOm & al., 2005). 

The general balance between positive and ne-
gative interactions among plant species in alpine
environments has been shown to be very impor-
tant for plant community development (CavIERES
& al., 2013). as observed in previous studies
done in the Sistema Central (gavIláN & al.,
2002; ESCUDERO & al., 2004) positive associa-
tions were more frequent than negative associa-
tions. Spatial association of species has been
showed to be in some cases related to positive
species interactions (e.g. CallaWay & al., 1995;

FaJaRDO & al., 2008). Thereby we propose that
the frequently aggregated distribution of some of
the species is probably related with positive inter-
actions with other species because they differ in
life form, ecological requirements, growing pat-
tern and seed dispersal, but all of them participa-
ted in positive associations. Other factors that
could determine co-occurence of species could be
the microhabitat distribution (e.g. SEEBlOOm &
al., 1995; BEll, 2005). Particularly, in the study
area, the frequent association of cryptogam spe-
cies could be related to a shared microhabitat re-
lated to soil water conditions. 

CONClUSIONS

Climatic conditions are the most important en-
vironmental constraints. The environmental data
available were good predictors of species distri-
bution (total variance explained by RDa model
54%). although high mountain areas are consi-
dered less perturbed sites than lowlands in the
study area grazing disturbance influence floristic
composition.

a range of different strategies for resources ac-
quisition and establishment were observed in the
species set in the study. low temperature during
the growing season was observed as a limiting
factor to resources acquisition while low water
availability during growing season was observed
as limiting factor for plant establishment.

For conservation purposes the study of trait
composition in relation to environmental factors
may be useful in assessing the vulnerability of spe-
cies according to their functional traits in the face
of future ecosystem changes and disturbances. Par-
ticularly, since their traits, cushion and other small-
leaf woody plants (most particular species),
currently living in the coldest sites, could be the
most vulnerable group species in a global warming
context in Sistema Central. Their low growth rates,
frequent lack of clonal reproduction and preference
for less developed soils also may make them the
most vulnerable to grazing disturbance. In view of
this we suggest that future research to monitor the
area should consider cushion plants as a particular
target group for detecting plant responses under
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global change. additionally the results suggest that
changes on environmental variables may cause
changes on spatial pattern of studied plant commu-
nities. These changes on spatial structure of plant
communities could have effects on species inter-
actions since species associations was partially re-
lated to aggregated structure of some species in the
plant community. 

Finally, we consider that data recorded in
glORIa project for long-term monitoring provi-
des useful information for short-term studies.
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