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Abstract: Functional databases, that aim the aggregation and homogenization of functional trait data, constitute fundamental tools
of ecological research, that increase data accessibility at global or regional scale. Grime’s CSR (competitor, stress-tolerator, ruderal)
life strategies is a prominent scheme of such functional data, for the fields of ecology and conservation biology. Here, we aimed
at creating a new regional database of CSR strategies of plant taxa occurring in the northwestern Pindus Mountains, Greece. This
database contains data across 481 taxa, calculated with the “Stratefy” method, through the measurement of three leaf traits. For the
48.02 % of these taxa, no CSR information was previously available in other databases. Additionally, we investigated the diversity
of the CSR strategies between the general grassland and forest habitats occurring in the study area. We observed distribution of taxa
mainly along the S–R axis for grassland habitats and the S–C axis for forest habitats. Finally, after comparing the CSR strategies
of plant taxa calculated in our study with previously available CSR information from the literature, it is becoming prevalent that
availability of such data at a local scale is crucial, since it can minimize the effects of undesirable characteristics of functional data
aggregated from several different sources.
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Introduction

The study of the functional facet of diversity has expo-
nentially grown during the last two decades, with a wide 
variety of theoretical concepts, methods and frameworks 
being developed (Legras & al. 2018; Kattge & al. 2020; 
Mammola & al. 2021; De Bello & al. 2021). The field 
of functional diversity is based on the study of func-
tional traits, which constitute measurable characteristics 
of individuals of species that describe their structure 
and function, while also having the potential to impact 
their fitness, by determining species responses to biotic 
and abiotic conditions across various scales of biologi-
cal complexity (Violle & al. 2007; Suding & al. 2008). 
Exploration of the variation of such traits has been ac-
knowledged to provide key insights into processes and 
patterns, such as plant species distribution, community 
assembly mechanisms, and ecosystem level responses to 
environmental changes (Wright & al. 2017; Umaña & al. 
2017; Báez & al. 2022b).

The origin of the field of functional ecology with 
the incorporation of functional traits dates back to the 
early 20th century, with the classification of plants into 
life forms being among the first approaches aiming at the 
identification of relations between species characteristics 
and environmental conditions (Raunkiær 1934). During 
the same time, the concept of functional differentiation of 
species was also introduced into the field of community 
ecology, with the idea of species grouped based on their 
similarities in resource use (Elton 1927), and the emer-
gence of the term “functional groups” (Cummins 1974). 
Toward the end of the 20th century, attempts for species 
classification into functional groups that would relate to 
specific ecosystem processes became more systematic 
(Grime 1974; Cummins 1974), leading to the first clear 
definition of functional diversity, with “function” used as 
a synonym of “adaptation” (Calow 1987). The late 1990s 
and early 2000s constituted a critical period for the flour-
ishing of the functional diversity concept due to the raised 
concern regarding ecosystem functioning and the human 
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impact on it. Under this perspective, functional heteroge-
neity of species was highlighted as a particularly useful 
approach for biodiversity investigation, with trait classi-
fication schemes being employed as a relatively easy and 
effective way of diversity assessment (Tilman & al. 1997; 
Westoby 1998). Probably, the first systematic effort for a 
standardized collection of plant trait measurements that 
could be employed as functional traits was conducted 
by the Unit of Comparative Plant Ecology, University of 
Sheffield (Hendry & Grime 1993), where 67 traits were 
measured for 49 species of the British flora. Understand-
ing of the usefulness of this rising approach led to the 
urgent need for a unified and standardized approach for 
measuring functional diversity. This would have to bring 
consensus within the scientific community regarding the 
suitability of the various plant characteristics for consti-
tuting appropriate and effective functional traits, as well 
as to provide detailed steps of functional trait measure-
ments that would allow interchangeability of trait records 
across studies (Cornelissen & al. 2003).

More systematic efforts of trait data collection were 
made during the 2010s, with a number of databases of 
functional traits being created aiming at making func-
tional trait data accessible to the scientific community, 
and supporting research related to major ecological ques-
tions. Initially, a number of smaller functional trait data-
bases were created, focusing on particular regions, such 
as the databases of BiolFlor, LEDA, BASECO, BIOPOP 
and the Ecological Flora of the British Islands (Fitter 
& Peat 1994; Klotz & al. 2002; Poschlod & al. 2003; 
Gachet & al. 2005; Kleyer & al. 2008). Additionally, da-
tabases focusing on specific traits have been created, such 
as D3, LT-Brazil and SID (Hintze & al. 2013; Liu & al. 
2019; Mariano & al. 2021). Subsequently, and with the 
increasing awareness regarding the importance of data 
availability, the creation of global functional databases 
followed (also called “databases of databases”), aiming 
at the collection, organization and standardization of pre-
viously available functional data, such as TRY (Kattge & 
al. 2020), BIEN (Maitner & al. 2018) and GIFT (Weigelt 
& al. 2020).

During the first period of increasing functional diver-
sity investigation, community ecologists mainly focused 
on the usage of the mean and variance of traits at the 
species level, and employed such data toward the explo-
ration of the relationship between environment and trait 
variability (Cavender-Bares & al. 2004; Šímová & al. 
2015). Further research gradually led to the understand-
ing of the insufficiency of such an approach due to the ef-
fects of intraspecific trait variation (Lichstein & al. 2007; 
Albert & al. 2010), and of trait covariance (Laughlin 
2014). Therefore, trait data collection at a local scale, and 
the subsequent creation of local functional trait databas-
es, continued to be of crucial importance, but a smaller 
number of such region-specific databases has been cre-
ated during the last decade, such as BROT and FunAndes 
(Tavşanoğlu & Pausas 2018; Báez & al. 2022a).

During this history of increasing interest in functional 
traits, functional trait databases have become not only a 
great tool for the research field of trait ecology, but also 
significant contributors to several other research fields, 
including population and community ecology (McGill & 
al. 2006; Violle & al. 2012), biogeography (Violle & al. 
2014), trait evolution (Moles & al. 2005), palaeobiology 
(Royer & al. 2007), plant geography (Swenson & Weiser 
2010), evolutionary biology (Wiens & al. 2010), as well 
as conservation biology (Cadotte & al. 2011; Brodie & al. 
2018). Therefore, functional traits have emerged as a use-
ful approach for answering challenging and long-stand-
ing ecological questions that has already complemented 
or even replaced other, more traditional approaches of 
measuring biodiversity. For example, functional trait 
data have facilitated conservation efforts that focus at 
the ecosystem instead of the species level (Cadotte & al. 
2011), while they have been particularly informative of 
complex processes, through the measurement of a set of 
easily accessible characteristics of organisms (Wright & 
al. 2004; Foden & al. 2013; Dudley & al. 2019). More
over, functional traits have been integrated along several 
distinct stages of conservation and management prac-
tices, such as the vulnerability assessment and the pre-
diction of extinction risk, the prioritization of monitoring 
and management actions, as well as the implementation 
and evaluation of conservation actions (Gallagher & al. 
2021). The extended use of functional traits within the 
context of the various aforementioned applications led to 
classification of plant characteristics to either response 
or effect functional traits, corresponding to traits that re-
spond to the biotic or abiotic environment or traits that 
affect ecosystem processes, respectively (Díaz & Cabido 
2001). Furthermore, the identification of relationships 
among specific traits led to the introduction of the con-
cept of trait syndrome, referring to functional traits that 
tend to covariate, such as combination of traits related 
to pollination, dispersal ability and succulence (Janson 
1983; Waser & al. 1996; Ogburn and Edwards 2009). 
The Grime’s CSR model of plant strategies (Grime 1974, 
2001) is included among the most known and used ap-
proaches to functional syndromes in functional ecology.

Grime’s model assumes that functional responses of 
plants vary across different intensities of stress and dis-
turbance in a local scale and can be employed to iden-
tify the functional signature of species and communities 
along environmental gradients or stages of vegetation 
succession (Li & Shipley 2017; Rosenfield & al. 2019; 
Zanzottera & al. 2020). According to the CSR model, 
stress (constraints on biomass production) and distur-
bances (physical damage) act as restricting aspects of 
vegetation, reducing competition for resource acquisition 
among neighbours (Grime 1974). Ecosystems of low 
stress and disturbance are expected to be inhabited by 
plants of high competitive ability. On the other hand, hab-
itats of high stress but low disturbance are dominated by 
stress-tolerators, while ruderals are more common in the 
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ly calculated CSR life strategies of the plant taxa found 
in our study area with any data of life strategies avail-
able in the existing databases, to investigate the level of 
intraspecific variation in life strategy syndromes; and (3) 
calculating the functional signature of the main habitat 
types identified in the study area.

Material and methods

Study area

The present study was conducted in the northwestern 
submontane region of the Pindus Mountains in Greece, 
mainly throughout the municipalities of Pogoni and Zitsa 
(Fig. 1). This area was selected due to the high levels 
of land use abandonment reported for the general region 
(Zomeni & al. 2008; Liarikas & al. 2012). A total of five 
circular collection sites, with a diameter of 6 km each and 
a total cover of 141.4 km2, were selected based on a pre-
liminary investigation of the observed changes in relation 
to land use. The five circular collection sites, named after 
the village with the largest population within each circle, 
were Vissani (1), Doliana (2), Sitaria (3), Protopappas 
(4) and Kouklioi (5), and they are presented in Fig. 1. 
Elevation ranged from 248 to 1203 m, while the general 
area is characterized by gentle slopes (0–10°), reaching a 
maximum of 55°. According to Köppen–Geiger climatic 
classification, the area belongs to the Csa type (Peel & 
al. 2007). The geological substrate of the study area is 
constituted by 50 % limestone, 25.4 % sediments, 18.9 % 
silicate and 5.7 % flysch (Nakos 1991). Finally, the area 
belongs to the vegetation formation of thermophilous 
mixed deciduous broad-leaved forests, and specifically 
the Pannonian-Danubian-Balkan lowland to submontane 
Balkan oak-bitter oak forests and southern and eastern 
Balkan, as well as Crimean-western Caucasian col-
line oriental hornbeam-downy oak forests (Bohn & al. 
2000/2003; 2004).

Collection of plant material

During the late spring and early summer of 2020, 250 
vegetation plots were sampled within the five circular 
sites (50 plots per site). In each site 25 grasslands-shrub-
lands (shrub or tree cover lower than 10 % for grasslands 
and between 10 and 70 % for shrubs) and 25 forest (shrub 
or tree cover higher than 70 %) plots were sampled. Each 
forest vegetation plot had an area of 200 m2 for all vascu-
lar taxa, while grassland and shrubland plots had an area 
of 50 m2 for the herbaceous taxa and 200 m2 for the shrub 
and tree taxa. In each plot, exact coordinates, altitude, 
slope and exposition were also recorded. In the follow-
ing year 2021, we revisited the sampling sites (within the 
same period of the year), and tried to re-collect fully de-
veloped samples of at least all the taxa recorded in more 
than 5 plots, or any other taxa that had not been recorded 

opposite case of low stress but high disturbance (Grime 
1974). The methodology for classifying plant taxa into 
different CSR strategies has been developed and refined 
over several years (Grime 1977; Hodgson & al. 1999; 
Pierce & al. 2013, 2017). Particularly, the initial method-
ology developed by Hodgson & al. (1999) for the alloca-
tion of life strategies to herbaceous vascular plants across 
the CSR triangle, was based on seven morphological and 
phenological traits. According to Hodgson’s scheme, 
plant life strategies could be categorized into 19 classes, 
including 3 primary (C, S, and R), 4 secondary (CS, CR, 
SR and CSR) and 12 tertiary (C/CR, C/CS, C/CSR, CR/
CSR, CS/CSR, R/CSR, S/CS, S/CSR, S/SR, SR/CSR, 
R/CR and R/SR). Pierce & al. (2017, 2013) substituted 
the traits originally proposed by Hodgson & al. (1999) 
with only three, easily measured, leaf traits (leaf area, 
leaf dry matter content and specific leaf area), and de-
veloped the calculator tool named “StrateFy”, therefore 
allowing the extension of the applicability of the method 
to both woody and herbaceous vascular plants (Pierce & 
al. 2013, 2017). The latter constitutes the most recent ap-
proach of CSR ordination (Pierce & al. 2013, 2017), and 
has been proved to be easy to apply at the global scale, as 
well as able to correctly predict the expected responses of 
taxa to stress and disturbance (Li & Shipley 2017).

Application of the CSR model has been employed to 
answer ecological questions related to the correct predic-
tion of a community’s responses to stress and disturbance 
in relation to community processes, such as species co-
existence, patterns of ecosystem resilience or succession, 
species richness and productivity (Lepš & al. 1982; Cac-
cianiga & al. 2006; Cerabolini & al. 2016; Li & Shipley 
2017; Zanzottera & al. 2020; Guerra & al. 2021; Bricca 
& al. 2021).

Within the context of abandonment of traditional land 
use and the subsequent changes in land cover through 
the secondary succession patterns, we aimed at collect-
ing new functional trait data that would allow the in-
vestigation of functional diversity, with an emphasis on 
traits used for calculating plant life strategies. Moreover, 
the present study is part of a general effort of the veg-
etation research team of the Laboratory of Systematic 
Botany and Phytogeography of the Aristotle University 
of Thessaloniki to build a database of functional traits 
of the Greek flora. The present study constitutes a part 
of this general effort and was conducted in a mountain-
ous region of northwestern Greece characterized by high 
species and habitat diversity. Given the significant lack 
of primary functional data throughout Greece (but see 
Adamidis & al. 2021; Fyllas & al. 2020; Michelaki & 
al. 2019), combined with the known importance of in-
traspecific variation of traits, the necessity for primary 
data collection was considered crucial. The study specifi-
cally aimed at: (1) presenting the life strategy according 
to Grime’s CSR scheme for a major part of the flora of 
the studied area and a significant part of the flora of the 
Northern Pindus floristic region; (2) comparing the new-
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during the sampling of 2020, 
but were found to have a high 
occurrence frequency and 
coverage during 2021. For 
each taxon, an effort for col-
lection of 5 individuals was 
made, so as to adequately 
capture the functional signa-
ture of each taxon. Collection 
of more than 5 individuals per 
taxon was usually not pre-
ferred, after taking into ac-
count the high number of taxa 
targeted for measurement of 
functional traits and the avail-
able time and resources. Plant 
specimens collected during 
sampling were taxonomi-
cally identified by employing 
Flora Hellenica (Strid & Tan 
1997, 2002), Mountain Flora 
of Greece (Strid 1986; Strid 
& Tan 1991), Flora Euro-
paea (Tutin & al. 1972, 1976, 
1976, 1980, 1993), Atlas of 
the Aegean Flora (Strid 2016) 
and taxonomic monographs. 
Finally, species nomenclature 
followed the Vascular Plants 
Checklist of Greece (Di-
mopoulos & al. 2013, 2016, 
2022). Plant specimens are 
deposited in the TAU Her-
barium (School of Biology, 
Aristotle University of Thes-
saloniki, Greece). The sam-
pled plots were distributed 
along altitudes ranging from 
302 to 905 m, and along slopes from 0°–39°. The habitat 
types distinguished in the present study, based on floristic 
and ecological differentiation of sampling plots, were: i) 
semi-natural grasslands (SG), including 45 plots, ii) old 
fields (OG), 54 plots, iii) meadows (MG), 22 plots, iv) 
Pteridium aquilinum stands (PG), 4 plots, v) mesic for-
ests (MF), 54 plots, vi) xerothermophytic forests (XF), 
67 plots and vii) riparian forests (RF), 4 plots.

The habitat type of semi-natural grasslands includes 
vegetation communities mostly dominated by Chrysopo-
gon gryllus and Phlomis fruticosa, submitted to frequent 
grazing. They occur in areas with low soil nutrient and 
moisture availability combined with relatively high air 
temperatures. Old fields represent vegetation communi-
ties occurring in abandoned fields dominated mostly by 
Hordeum bulbosum and currently submitted to regular 
grazing and/or irregular mowing. This community de-
velops on plain soils (former arable lands) rich in nutri-
ents, but with moderate soil moisture. Meadows include 

lowland hay meadows, usually dominated by Alopecurus 
rendlei and regularly mowed at least once a year (early 
summer), as well as mesic meadows with Cynosurus 
cristatus submitted to different intensities of periodic 
grazing. Pteridophyte stands constitute vegetation com-
munities dominated by Pteridium aquilinum, which 
have possibly been established after the destruction of 
forests on acidic substrates, characterized by a very re-
stricted distribution in the study area. The habitat type 
of mesic forests includes Quercus frainetto communities 
and mixed Quercus cerris-Q. frainetto communities, oc-
curring on relatively deep and rich in nutrients soils, and 
are under a mild disturbance regime of relatively limited 
logging. The habitat type of xero-thermophytic oak (i.e. 
Q. pubescens, Q. trojana, Q. coccifera) forests as well as 
high scrubs or low forests of Carpinus orientalis, consists 
of communities submitted to medium disturbances, such 
as intensity grazing and resting of livestock, and occurs 
in shallow and rocky soils, on steep slopes. Finally, ripar-

Fig. 1. Map of study area, depicting five circular collection sites and their location in Greece 
depicted as grey-filled rectangle (top right).
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ian forests include vegetation communities dominated by 
Alnus glutinosa or Platanus orientalis along streams, and 
are very spatially restricted in our study area.

During the functional trait sampling, for each tax-
on we measured leaf area (LA; mm2), leaf dry matter 
content (LDMC: leaf dry weight/water-saturated leaf 
weight; mg/g) and specific leaf area (SLA: leaf area/
leaf dry weight; mm2 /mg), following the standard pro-
tocols (Cornelissen & al. 2003; Pérez-Harguindeguy 
& al. 2013). Specifically, one leaf from each individu-
al (the most representative photosynthetic unit of each 
taxon) was selected and its cut end was submerged in 
water. After their rehydration, each leaf was scanned 
with an Epson Perfection V19 scanner and weighted us-
ing a precision scale (KERN ABJ120-4NM, Kern und 
Sohn GmbH, Balingen, Germany; accuracy 0.1  mg). 
For measuring dry weight, all leaves were then placed 
in an oven at 70  ˚C for at least 72  h and were subse-
quently weighted again so as to determine their dry mass. 
Finally, the area of each leaf was measured by means 
of the image analysis software ImageJ (https://imagej 
.nih.gov/ij/, accessed January 2023).

Plant life strategies

CSR strategies were initially calculated at the individual 
level, while secondly at the taxon level, by using the cen-
troid CSR values of all individuals per taxon with the ap-
plication of the “Stratefy” method (Pierce & al. 2017). In 
order to identify the functional signature of each habitat 
type, Community-Weighted Mean (CWM) values for 
C, S, and R scores were calculated using CSR scores of 
species occurring in each habitat type, weighted by their 
occurrence frequency (Behroozian & al. 2020), with the 
functcomp function of the R package FD (Lavorel & al. 
2008). The data regarding occurrence frequency of taxa 
in habitat types were obtained from the initial sampling 
of the 250 vegetation plots. Specifically, taxa occurring 
in less than 5 % of the plots of the studied habitat type 
were considered as rare and were weighted with the value 
of 0.025, taxa in less than 30 % were considered as oc-
casional and were weighted with the value of 0.175, taxa 
in less than 50 % were considered as frequent and were 
weighted with the value of 0.4, while taxa in more than 
50  % were considered as common and were weighted 
with the value of 0.75.

To investigate the degree of variability among the 
tertiary CSR strategies calculated for each taxon in the 
present study versus the previously available tertiary 
CSR strategies included in other databases, we searched 
for the main available sources that provide CSR strategy 
information for a high number of taxa in the literature. 
Sources that were found to include data of tertiary CSR 
strategies for a great number of taxa were the Electronic 
Comparative Plant Ecology (Hodgson & al. 1995), the 
PLADIAS Database of the Czech flora and vegetation 
(Chytrý & al. 2021) and the original paper of Pierce & al. 

(2017). Although TRY (Kattge & al. 2020) and BiolFlor 
(Klotz & al. 2002) included data of CSR life strategies 
for a greater number of taxa, these were only available at 
the level of primary and secondary strategies, and there-
fore they could not be employed for comparison with our 
dataset. For all the taxa that we found such information, 
we calculated the distance (number of tertiary strategies) 
between the CSR strategy calculated from the present 
study and the CSR strategy available from each data-
base. As distance, we considered the shortest path along 
neighbouring polygons of tertiary strategies in the CSR 
triangle, between the position of each taxon based on our 
calculation and the respective position that was found in 
the available sources.

Floristic catalogue

We compiled a floristic catalogue including all the taxa 
recorded within the study area during the vegetative pe-
riods of 2020 and 2021. This includes families, genera, 
species and subspecies arranged alphabetically within 
the three main taxonomic groups: pteridophytes, gymno-
sperms and angiosperms. For each taxon, the following 
information is provided: i) locality of occurrence, corre-
sponding to the circular collection sites where the taxon 
was found to occur, ii) habitat type of occurrence, corre-
sponding to the general habitat types distinguished in the 
present study, and iii) CSR life strategy.

Results

The regional flora of the study area, based on our two 
samplings conducted during 2020 and 2021 included 
629 taxa, belonging to 318 genera and 81 plant fami-
lies. These included 4 Greek endemic taxa, namely Fri-

Fig. 2. Number of plant taxa (bold font) identified for each life 
strategy (regular font) of CSR triangle.
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tillaria ionica subsp. ionica, 
Silene niederi, Veronica 
chamaedrys subsp. chamae-
dryoides and Veronica glauca 
subsp. peloponnesiaca. Fri-
tillaria ionica subsp. ionica 
is a geophyte, occurring in 
four of the 13 floristic re-
gions of Greece as adopted in 
Flora hellenica vol. 1 (Strid 
& Tan 1997). Silene niederi is 
a hemicryptophyte, occurring 
in seven of the 13 floristic re-
gions of Greece, while it is 
also included in the national 
list of protected species of 
Greece (Presidential Decree 
67/81). Veronica chamae-
drys subsp. chamaedryoides 
is a hemicryptophyte, occur-
ring in 10 of the 13 floristic 
regions of Greece. Finally, 
Veronica glauca subsp. pelo-
ponnesiaca is a therophyte, 
occurring in eight of the 13 
floristic regions of Greece. The distribution of the 629 
studied taxa in chorological types as well as life forms 
are given in Supplement 1 (Fig. S1 and S2).

The 629 recorded taxa consist the 22.40 % of all the 
taxa that can be found in the floristic region of Northern 
Pindus (Dimopoulos & al. 2016), where our study area 
is located, corresponding to 23.37  % of species (621 
from 2572 species occurring in Northern Pindus) (Di-
mopoulos & al. 2016). From the taxa that we recorded 
during our sampling, only the 24 were not mentioned as 
present in Northern Pindus (Dimopoulos & al. 2022). 
These taxa included 9 species, with seven (7) species 
being widely distributed in rest of mainland Greece 
(Aphanes arvensis, Centaurium maritimum, Cerastium 
dubium, Filago gallica, Linum trigynum, Psilurus incur-
vus and Rosmarinus officinalis) and two more restrict-
ed species (Geranium lanuginosum and Poa hybrida). 
Moreover, they included 11 subspecies that although not 
mentioned as present in Northern Pindus for the subspe-
cies level, they are present for the species level (Avena 
sterilis subsp. ludoviciana, Biarum tenuifolium subsp. 
tenuifolium, Centaurium tenuiflorum subsp. acutiflo-
rum, Cuscuta approximata subsp. approximata, Echi-
nops sphaerocephalus subsp. sphaerocephalus, Euphor-
bia phymatosperma subsp. cernua, Knautia integrifolia 
subsp. integrifolia, Piptatherum holciforme subsp. lon-
giglume, Salvia pratensis subsp. pratensis, Tanacetum 
corymbosum subsp. cinereum and Verbascum glabratum 
subsp. bosnense). Additionally, there were four (4) sub-
species recorded for Northern Pindus which were not 
previously mentioned as occurrent either at the subspe-
cies or the species level (Blackstonia acuminata subsp. 

acuminata, Hippocrepis unisiliquosa subsp. unisiliquo-
sa, Juncus gerardi subsp. gerardi and Plantago bellardii 
subsp. bellardii).

Functional trait data were collected from 481 taxa 
(76.4 % of all recorded taxa), belonging to 263 genera 
and 72 plant families, and plant life strategy was sub-
sequently calculated for each taxon. These taxa were 
found to belong to all the 19 possible plant life strate-
gies and, as it is shown from their distribution across 
the CSR triangle (Fig. 2 and 3). In Supplement 2, the 
life strategies of all individuals investigated per taxon 
as well as the centroid life strategy per taxon are given. 
An overview of the distribution of the investigated taxa 
along the life strategies can be achieved by grouping the 
taxa that are characterized by the significant prevalence 
of one of the three life strategies (Fig. 2; Supplement 1 
Table S1). The competitive strategy was the least com-
mon within our dataset, with only 19 (3.95  %) of the 
481 investigated taxa having particularly high values of 
the competition strategy and belonging to the C, C/CR 
and C/CS life strategies. High values of the ruderal strat-
egy were recorded for 69 (14.35 %) of the investigated 
taxa, and belonged to the strategies R, R/CR and R/SR. 
A greater number of taxa was found to have particularly 
high values of the strategy of stress tolerance, with 132 
(27.44 %) taxa belonging to the strategies S, S/CS and 
S/SR. Finally, 261 (54.26 %) taxa were found to have 
intermediate levels of the three main strategies.

Although the species pools of most of the habitat 
types distinguished in the present study included taxa 
with great diversity of life strategies, after weighting 
taxa with their occurrence frequency within each habi-
tat type, it was observed that the dominant and abundant 

Fig. 3. Distribution of studied plant taxa (red dots) within CSR triangle. Arrows indicate in-
creasing importance for each factor (competition, stress and disturbance), and letters represent 
competitive (C), stress tolerant (S) and ruderal (R) strategy. Taxa names represent examples of 
taxa belonging to different CSR strategies.
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taxa of each habitat type had more similar life strate-
gies (Fig. 4 and 5) eventually resulting in a differentia-
tion of the CSR signatures of the habitat types (Fig. 
6). There was a clear differentiation between the CSR 
functional signature of grassland and forest communi-
ties, with grasslands demonstrating higher levels of the 
stress tolerating strategy, contrary to forests which were 
characterized by higher prevalence of the competitive 
strategy.

From the total 481 taxa with newly calculated CSR 
strategies from our study area, the 250 (51.98 %) were 
found to have available information regarding their CSR 
strategy in at least one of the three abovementioned 
databases (Fig. 7). When comparing the life strategies 

provided by these databases with our newly calculated 
data, it appeared that only a small percentage of taxa dif-
fered more than two tertiary strategies. Specifically, for 
all the databases a high number of taxa had the same or 
adjacent CSR strategy with the one found in the present 
study: 54 % for ECPE, 70 % for Pierce & al. (2017) and 
65 % for PLADIAS. The highest level of differentiation 
was observed between our data and the ECPE database, 
where, for 14  % of the taxa, the newly calculated life 
strategy differed more than two strategies from the one 
recorded in the ECPE database. On the other hand, the 
lower level of differentiation was observed for the data-
set of Pierce & al. (2017), where only 7 % of the taxa 
had a difference of more than two life strategies.

Fig. 4. Distribution of plant taxa (red dots) belonging to species pool of each grassland habitat type (A: meadows, B: old fields, C: 
semi-natural grasslands, D: pteridophyte stands), within CSR triangle. Size of dots corresponds to occurrence frequency of each 
taxon in each habitat type, from smallest dots representing rare taxa, to largest dots representing more frequent taxa in each habitat 
type. Arrows indicate increasing importance for each factor (competition, stress and disturbance), and letters represent competitive 
(C), stress tolerant (S) and ruderal (R) strategy.
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Floristic catalogue

Herein, the floristic catalogue includes the 481 taxa with 
newly calculated CSR strategies from our study area. In 
Supplement 3, an additional floristic catalogue is provid-
ed, including the remaining taxa recorded in our study 
area during vegetation sampling, for which CSR strate-
gies were not calculated.

In the floristic catalogue the following abbreviations 
are used:

[1, 2, 3, 4, 5]: taxon found in collection site 1 (Vis-
sani), 2 (Doliana), 3 (Sitaria), 4 (Protopappas) and 5 
(Kouklioi).

[MG, OG, PG, SG, MF, RF, XF]: taxon found in 
grassland habitat type of meadow (MG), old fields (OG), 
pteridophyte stands (PG) or semi-natural grasslands (SG) 
and mesic (MF), riparian (RF) or xerothermophytic (XF) 
forests.

[C, F, O, R, (ft)]: Common (C), frequent (F), occa-
sional (O) or rare (R) taxon in each habitat type or a taxon 
not recorded in the sampled vegetation plots, found only 
during the functional trait sampling (ft). For more details 
on this scaling, see the Plant life strategies in the Methods 
section.

[C; C, CS, C/CR(1,2,3…)]: CSR life strategy of tax-
on. The general life strategy of the taxon, followed by the 
distinct life strategies observed for the sampled individu-
als, with the number of individuals for each life strategy 
given in parenthesis.

!: the exclamation mark indicates taxa which are rela-
tively common in the dataset but not all specimens are 
completely identifiable to the subspecies level.

Pteridophytes
Aspleniaceae
Asplenium ceterach L. [2, 4]; [SG(O), XF(C)]; [CS/CSR; 

CS(1), CS/CSR(2), CSR(1)]
Asplenium onopteris L. [2, 3, 4, 5]; [MF(O), XF(C)]; [C/

CSR; C/CSR(2), CR/CSR(1), CS(1)]
Asplenium trichomanes subsp. quadrivalens D. E. Mey. 

[2]; [MF(R), XF(O)]; [S/CSR; S/CSR(5)]
Dennstaedtiaceae
Pteridium aquilinum (L.) Kuhn subsp. aquilinum [1, 2, 

5]; [PG(C), MF(C), XF(O)]; [C/CSR; C/CSR(2), CS/
CSR(2)]

Fig. 5. Distribution of plant taxa (red dots) belonging to spe-
cies pool of each habitat type (A: mesic forests, B: xerothermo-
phytic forests, C: riparian forests), within CSR triangle. Size of 
dots corresponds to occurrence frequency of each taxon in each 
habitat type, from smallest dots representing rare taxa, to larg-
est dots representing more frequent taxa in each habitat type. 
Arrows indicate increasing importance for each factor (compe-
tition, stress and disturbance), and letters represent competitive 
(C), stress tolerant (S) and ruderal (R) strategy.
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Geocaryum capillifolium (Guss.) Coss. [1, 2, 3, 4, 5]; 
[MF(O), XF(O)]; [R/CR; R/CR(3)]

Helosciadium nodiflorum (L.) W. D. J. Koch [3, 5]; 
[RF(C)]; [CR; CR(3), R/CR(1)]

Malabaila aurea (Sm.) Boiss. [1, 2, 4]; [SG(O)]; [C/
CSR; C/CSR(2), CR/CSR(1), CS/CSR(2)]

Oenanthe pimpinelloides L. s.l. [1, 2, 3, 5]; [MG(C), 
OG(O), SG(R), MF(O), XF(R)]; [C/CSR; C/CR(2), 
C/CSR(1), CR(1), CS(1), CS/CSR(1)]

Oenanthe silaifolia M. Bieb. [3, 5]; [MG(O)]; [S; S(2)]
Opopanax hispidus (Friv.) Griseb. [1, 2, 3, 4]; [OG(O), 

SG(O), MF(O), XF(R)]; [C; C(4)]
Orlaya daucoides (L.) Greuter [3, 4, 5]; [OG(R), SG(R)]; 

[R/CSR; R/CR(1), R/CSR(2), SR/CSR(1)]
Orlaya daucorlaya Murb. [1, 2, 3, 4, 5]; [MG(R), OG(F), 

PG(O), SG(C)]; [CS/CSR; C/CSR(2), CS(1), CS/
CSR(1), CSR(1), S/CSR(1)]

Physospermum cornubiense (L.) DC. [1, 3, 4, 5]; [PG(O), 
MF(O), XF(R)]; [C/CSR; C/CSR(4), CR/CSR(1)]

Pimpinella tragium subsp. polyclada (Boiss. & Heldr.) 
Tutin [1, 2, 3, 4, 5]; [OG(O), SG(O), MF(ft)]; [CSR; 
CR/CSR(1), CSR(2), S/CSR(1)]

Scandix pecten-veneris L. [1, 2, 3, 4, 5]; [OG(O), SG(O)]; 
[CR; C/CR(1), CR(2), CR/CSR(2)]

Selinum silaifolium (Jacq.) Beck [1, 2, 3, 4]; [SG(R), 
MF(O), XF(O)]; [C/CSR; C/CSR(4)]

Seseli cf. montanum subsp. tommasinii (Rchb. f.) Arcang. 
[1, 2, 3, 4]; [OG(R), SG(O), XF(R)]; [S/CS; S/CS(4)]

Tordylium apulum L. [1, 2, 3, 4, 5]; [MG(R), OG(C), 
SG(C)]; [R/CSR; CR(2), CR/CSR(1), CSR(1), R/
CR(1), R/CSR(2)]

Dryopteridaceae
Dryopteris pallida (Bory) Maire & Petitm. subsp. pallida 

[3]; [XF(R)]; [C/CR; C/CR(1), C/CS(1)]
Equisetaceae
Equisetum telmateia Ehrh. [3, 5]; [RF(C)]; [S; S(5)]

Gymnosperms
Cupressaceae
Juniperus oxycedrus subsp. deltoides (R. P. Adams) N. 

G. Passal. [2, 3, 5]; [PG(O), SG(O), MF(O), XF(O)]; 
[S; S(4), S/SR(1)]

Angiosperms
Acanthaceae
Acanthus spinosus L. [1, 2, 3, 4]; [OG(O)]; [CS; CS(4)]
Aceraceae
Acer campestre L. [1, 2, 3, 4, 5]; [SG(R), MF(O), XF(F)]; 

[S/CSR; S/CSR(3), SR/CSR(1)]
Acer monspessulanum L. subsp. monspessulanum [1, 

2, 3, 4]; [MG(R), OG(O), PG(O), SG(O), MF(O), 
RF(O), XF(C)]; [S/CSR; S/CSR(4)]

Acer opalus subsp. obtusatum (Willd.) Gams [1, 2, 3, 
4, 5]; [MF(O), XF(O)]; [CS/CSR; C/CSR(2), CS/
CSR(1), CSR(2)]

Alliaceae
Allium cepa L. [1, 4]; [MF(R), XF(R)]; [S; S(1)]
Allium guttatum subsp. tenorei (Parl.) Soldano [1, 2, 3, 

4, 5]; [MG(O), OG(O), SG(C), XF(R)]; [S; S(8), S/
CS(1)]

Anacardiaceae
Cotinus coggygria Scop. [3, 5]; [MF(R), XF(O)]; [CS; 

CS(1), S/CS(2), S/CSR(1)]
Pistacia terebinthus L. subsp. terebinthus [1, 2, 3, 5]; 

[OG(R), SG(F), MF(R), XF(O)]; [CS; CS(5)]
Apiaceae
Bupleurum glumaceum Sm. [1, 2, 3, 4, 5]; [MG(ft), 

OG(O), PG(O), SG(F)]; [SR; S/SR(3), SR(2)]
Chaerophyllum nodosum (L.) Crantz [1, 2, 3, 4, 5]; 

[SG(R), MF(O), RF(O), XF(O)]; [C/CSR; C/
CSR(4)]

Chaerophyllum temulum L. [3, 4, 5]; [MF(R), RF(C), 
XF(ft)]; [CR/CSR; CR/CSR(4), R/CSR(1)]

Daucus carota L. s.l. [2, 3, 5]; [MG(F), OG(F), PG(O), 
SG(O)]; [C/CSR; C/CR(1), C/CSR(2), CS(1), CS/
CSR(1)]

Daucus guttatus Sm. subsp. guttatus [1, 2, 3, 4, 5]; 
[MG(ft), OG(F), SG(O)]; [S/CSR; CSR(2), S(1), S/
CSR(1)]

cf. Elaeoselinum asclepium (L.) Bertol. [1, 2, 3, 4, 5]; 
[MG(R), OG(R), PG(C), SG(R), MF(O), XF(O)]; 
[CS/CSR; C/CSR(1), CS/CSR(2)]

Eryngium campestre L. [3]; [MG(F), OG(C), SG(C), 
MF(R)]; [CS; C/CS(1), CS(3)]

Ferulago sylvatica (Besser) Rchb. subsp. sylvatica [1, 3, 
4]; [SG(R), MF(O), XF(R)]; [CSR; CSR(1)]

Foeniculum vulgare Mill. [2, 3, 4, 5]; [OG(O)]; [S/CS; 
S/CS(1)]

Fig. 6. CSR signature of each habitat type (SG: semi-natural 
grasslands; OG: old fields; MG: meadows; PG: pteridophyte 
stands; MF: mesic forests; XF: xerothermophytic forests; RF: 
riparian forests) after weighting taxa with their occurrence fre-
quency. Arrows indicate increasing importance for each factor 
(competition, stress and disturbance) and letters represent com-
petitive (C), stress tolerant (S) and ruderal (R) strategy.
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Bellis perennis L. [1, 2, 3, 4, 5]; [MG(O), OG(F), SG(O), 
MF(O), XF(O)]; [R/CR; R(2), R/CR(2), R/SR(1)]

Carduus acanthoides L. [1, 5]; [MG(O), OG(C), SG(R)]; 
[S/CS; CS(3), S/CS(1)]

Carduus acicularis Bertol. [1, 2, 4]; [OG(O)]; [CR; CR(5)]
Carduus nutans L. subsp. nutans [1, 2, 3]; [OG(R), 

SG(O)]; [C/CR; C/CR(1)]
Carduus pycnocephalus L. [1, 2, 3, 4]; [OG(O), SG(O)]; 

[CR/CSR; CR(3), CR/CSR(1), CSR(1)]
Carlina corymbosa L. s.l. [3]; [MG(R), OG(O), SG(C), 

MF(ft), XF(R)]; [S/CS; C/CSR(2), CS(1), CS/
CSR(1), S/CS(5), S/CSR(1)]

Carthamus lanatus L. [1, 2, 3, 4]; [MG(O), OG(C)]; [S/
CS; S/CS(3), S/CSR(1)]

Centaurea salonitana Vis. [1, 2, 3, 4]; [OG(R), SG(O), 
XF(R)]; [C/CSR; C/CR(1), C/CS(1), CS/CSR(1)]

Centaurea solstitialis L. subsp. solstitialis [1, 2, 3, 4, 
5]; [OG(C), SG(R)]; [CSR; CR/CSR(1), CSR(1), R/
CSR(1), S/CSR(1), SR/CSR(1)]

Centaurea zuccariniana DC. [2, 3]; [SG(O)]; [S/SR; 
S(3), S/SR(2), SR/CSR(1)]

Chondrilla juncea L. [1, 2, 3, 4, 5]; [MG(O), OG(F), 
SG(R), MF(ft)]; [CR; CR(3), R/CR(1)]

Cichorium intybus L. [1, 2, 3, 4, 5]; [MG(F), OG(C), 
SG(O), MF(R), XF(R)]; [C/CSR; C/CSR(1), CR/
CSR(1), CS/CSR(1), CSR(1)]

Crepis dioscoridis L. [1, 2, 4]; [OG(R), SG(O)]; [R/CSR; 
R/CR(5), R/CSR(3), SR/CSR(2)]

Crepis foetida L. subsp. foetida [1, 3, 4]; [OG(R), SG(O)]; 
[SR/CSR; R/CSR(1), S/CSR(3), SR/CSR(1)]

Crepis fraasii Sch. Bip. subsp. fraasii [1, 2, 3]; [MF(O), 
XF(O)]; [CR; CR(8), R/CR(2)]

Crepis neglecta L. subsp. neglecta [1, 2, 3, 4, 5]; [MG(R), 
OG(O), SG(O)]; [R/CR; R/CR(1)]

Crepis rubra L. [1, 2, 3, 4, 5]; [MG(R), OG(O), SG(O)]; 
[R/CR; R/CR(5), R/CSR(1)]

Crepis sancta (L.) Bornm. [1, 2, 3, 4]; [OG(R), SG(O)]; 
[R/CR; R/CR(1)]

Tordylium maximum L. [3]; [OG(O)]; [CS/CSR; C/
CSR(1), CS/CSR(2), CSR(1)]

Torilis africana Spreng. [1, 2, 3, 4, 5]; [MG(O), OG(O), 
SG(O), MF(O), XF(O)]; [SR/CSR; R/CSR(1), SR/
CSR(2)]

Torilis arvensis (Huds.) Link [3, 4, 5]; [MG(O), OG(O), 
PG(O), SG(R), MF(R), RF(ft), XF(R)]; [CSR; 
CSR(1), SR/CSR(2)]

Torilis japonica (Houtt.) DC. [3]; [SG(R)]; [SR/CSR; 
SR/CSR(1)]

Torilis nodosa (L.) Gaertn. [2, 3, 4, 5]; [OG(O), SG(R)]; 
[SR/CSR; SR/CSR(4)]

Araliaceae
Hedera helix L. subsp. helix [2, 3, 4]; [MG(O), OG(O), 

SG(O), MF(C), RF(C), XF(C)]; [CS/CSR; CS(1), 
CS/CSR(3), S/CSR(1)]

Aristolochiaceae
Aristolochia pallida Willd. subsp. pallida [1, 2, 3, 

4]; [SG(O), MF(O), XF(O)]; [R/CR; R/CR(3), R/
CSR(1)]

Asparagaceae
Asparagus acutifolius L. [1, 2, 3, 4, 5]; [OG(O), SG(C), 

MF(F), RF(O), XF(C)]; [S/SR; R/CR(1), S(1), S/
SR(4)]

Asphodelaceae
Asphodeline liburnica (Scop.) Rchb. [1, 3]; [OG(R), 

MF(O), XF(R)]; [R/CR; CR(1), R/CR(3)]
Asphodeline lutea (L.) Rchb. [2, 3, 4]; [OG(R), SG(O), 

MF(R), XF(R)]; [R/CSR; R/CR(1), R/CSR(1), S/
SR(1)]

Asphodelus ramosus L. subsp. ramosus [1, 3, 4, 5]; 
[SG(O), MF(O)]; [C/CS; C(2), S/CS(1)]

Asteraceae
Achillea pannonica Scheele [3]; [OG(R)]; [S/SR; S(1), 

S/CS(1), S/CSR(1), S/SR(1)]
Anthemis arvensis subsp. incrassata (Loisel.) Nyman 

[1, 2, 3, 4, 5]; [MG(R), OG(C), SG(F)]; [R; R(2), R/
SR(1)]

Fig. 7. Percent of n available taxa with CSR strategy distance d between present study and (A) ECPE database (Hodgson & al. 
1995), (B) database of Pierce & al. (2017) and (C) PLADIAS database (Chytrý & al. 2021).
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Scorzoneroides cichoriacea (Ten.) Greuter [1, 2, 4, 5]; 
[MG(R), SG(R), MF(F), XF(R)]; [R/CR; CR(1), R/
CR(3)]

Tanacetum corymbosum subsp. cinereum (Griseb.) Grier-
son [3]; [(ft)]; [CSR; CSR(4)]

Tragopogon porrifolius subsp. eriospermus (Ten.) Greu-
ter [1, 2, 3, 4, 5]; [MG(R), OG(O), SG(F)]; [R/CSR; 
R/CR(1), R/CSR(2)]

Tragopogon pratensis L. [2]; [MG(O)]; [SR/CSR; R/
CSR(1), S/CSR(2), SR/CSR(2)]

Tragopogon samaritani Boiss. [1, 3, 4, 5]; [OG(R), 
SG(O)]; [CSR; CR/CSR(1), CS/CSR(1), CSR(1)]

Urospermum picroides (L.) F. W. Schmidt [1, 2, 4]; 
[OG(R), SG(O)]; [R/CR; CR(1), R/CR(4), R/CSR(1)]

Xeranthemum inapertum (L.) Mill. [4]; [OG(R), SG(O)]; 
[SR; R/SR(2), SR(3)]

Betulaceae
Alnus glutinosa (L.) Gaertn. subsp. glutinosa [3, 5]; 

[MF(ft), RF(C)]; [CS/CSR; CS/CSR(5)]
Carpinus orientalis Mill. subsp. orientalis [1, 2, 3, 4, 5]; 

[MG(O), OG(R), SG(O), MF(O), XF(C)]; [S/SR; S/
CS(1), S/SR(4)]

Corylus avellana L. [3, 4]; [MF(O), XF(O)]; [CS/CSR; 
CS(1), CS/CSR(3), CSR(1)]

Ostrya carpinifolia Scop. [2, 3, 4, 5]; [MF(R), XF(O)]; 
[S/CSR; S/CS(2), S/CSR(3)]

Boraginaceae
Aegonychon purpurocaeruleum (L.) Holub [2, 5]; 

[MF(R), XF(R)]; [SR/CSR; S/CSR(1), SR/CSR(4)]
Anchusa undulata L. subsp. undulata [1, 2, 4, 5]; [OG(O), 

SG(O)]; [R/CR; CR(1), R/CR(3), R/CSR(1)]
Anchusella cretica (Mill.) Bigazzi & al. [1, 2, 3, 4, 5]; 

[MG(R), OG(F), SG(F)]; [R/CR; R/CR(4)]
Cynoglossum columnae Ten. [2, 4]; [OG(R), SG(R)]; 

[CR/CSR; CR(3), CSR(3)]
Cynoglossum creticum Mill. [3, 5]; [MG(ft), OG(R), 

SG(R)]; [R/CSR; CSR(1), R/CR(1)]
Echium italicum subsp. biebersteinii (Lacaita) Greuter & 

Burdet [1, 2, 3, 4, 5]; [MG(R), OG(F), SG(O)]; [C; 
C(3), C/CR(1)]

Echium plantagineum L. [3]; [MG(ft), OG(R)]; [S/SR; 
S(1), S/CSR(1), S/SR(1)]

Myosotis arvensis (L.) Hill [1, 2, 3, 4, 5]; [OG(O), 
SG(R), MF(R), XF(R)]; [R/SR; R(5), R/CSR(1), R/
SR(3), SR(1)]

Myosotis ramosissima Rochel subsp. ramosissima [1, 2, 
3, 5]; [OG(O), SG(O)]; [R; R(2)]

Symphytum bulbosum K. F. Schimp. [1, 3]; [PG(O), 
MF(O)]; [CR; CR(5)]

Brassicaceae
Aethionema saxatile subsp. graecum (Boiss. & Spruner) 

Hayek [1, 2, 3, 4]; [SG(O)]; [S/SR; S(1), S/SR(1), 
SR(1)]

Alyssum montanum subsp. repens (Baumg.) Schmalh. [1, 
3, 5]; [SG(O)]; [SR; R(2), S(2), S/SR(1)]

Alyssum simplex Rudolphi [1, 2, 3, 4, 5]; [OG(O), SG(F)]; 
[S/SR; S(1), S/SR(1)]

Crepis setosa Haller f. [1, 2, 3, 4, 5]; [MG(O), OG(F), 
SG(R)]; [R/CR; R/CR(6)]

Crepis vesicaria L. subsp. vesicaria [3]; [OG(ft)]; [CR/
CSR; CR(1), CR/CSR(1), CSR(2)]

Crepis zacintha (L.) Loisel. [1, 2, 3, 4, 5]; [OG(R), 
SG(O)]; [R/SR; R/CR(2), SR/CSR(1)]

Crupina crupinastrum (Moris) Vis. [2]; [SG(ft)]; [SR; R/
SR(2), SR(1), SR/CSR(1)]

Crupina vulgaris Cass. [1, 2, 3, 4, 5]; [OG(R), SG(C)]; 
[R/CR; R(1), R/CR(1)]

Doronicum orientale Hoffm. [1, 3, 4]; [MF(O), XF(R)]; 
[CR; CR(4)]

Echinops sphaerocephalus L. subsp. sphaerocephalus 
[1]; [MG(ft), SG(F)]; [S/CS; CS(1), S/CS(3)]!

Filago germanica (L.) Huds. [1, 2, 3, 4, 5]; [MG(R), 
OG(O), SG(O)]; [SR; R/SR(3), SR(3)]

Hedypnois rhagadioloides (L.) F. W. Schmidt subsp. 
rhagadioloides [2, 4, 5]; [MG(R), SG(O)]; [R; 
R(5)]

Hieracium murorum L. s.l. [1]; [MF(R)]; [CR; CR(3), R/
CR(2)]

Hypochaeris cretensis (L.) Bory & Chaub. [1, 2, 3, 
4, 5]; [MG(O), OG(C), SG(F)]; [R/CSR; CR(1), 
CS(1), R/CR(4), R/CSR(2), S/CS(1), S/CSR(1), 
SR/CSR(1)]

Hypochaeris radicata L. [1, 2, 3, 4, 5]; [MG(F), OG(C), 
SG(O)]; [CR; C/CR(2), CR(3), R/CR(1)]

Lapsana communis subsp. adenophora (Boiss.) Rech. f. 
[1, 3]; [MF(O), RF(O)]; [R/CR; R/CR(4)]

Leontodon biscutellifolius DC. [3]; [MG(R), SG(R)]; 
[CSR; CR(1), CR/CSR(1), CSR(1), R/CSR(2), S/
CSR(2), SR/CSR(3)]

Leontodon tuberosus L. [1, 2, 3, 4, 5]; [MG(F), OG(F), 
PG(C), SG(C), MF(O), XF(R)]; [CR; CR(5), R/
CR(1), R/CSR(1)]

Onopordum illyricum subsp. cardunculus (Boiss.) Arènes 
[1, 2, 3]; [OG(R)]; [C/CS; C(1), C/CS(1)]

Pallenis spinosa (L.) Cass. subsp. spinosa [2, 3, 4, 5]; 
[OG(R), PG(O), SG(O)]; [CR/CSR; CR(1), CR/
CSR(2), CSR(2)]!

Picris rhagadioloides (L.) Desf. [1, 4]; [SG(R), MF(ft)]; 
[SR; R/CSR(1), S/CSR(1), SR(3)]

Pilosella piloselloides (Vill.) Soják subsp. piloselloides 
[1, 2, 3, 4, 5]; [MG(F), OG(R), PG(C), SG(O), 
MF(O), XF(O)]; [R/CSR; CSR(1), R/CR(1), R/
CSR(3), SR/CSR(2)]

Podospermum canum C. A. Mey. [1, 2, 3, 4]; [OG(O), 
SG(O)]; [SR/CSR; CSR(1), R/CSR(1), SR(1), SR/
CSR(2)]

Ptilostemon strictus (Ten.) Greuter [1, 2, 3, 5]; [PG(O), 
MF(O), XF(R)]; [CR/CSR; C/CSR(2), CR/CSR(1), 
CSR(1)]

Reichardia picroides (L.) Roth [3, 5]; [SG(R)]; [R/CR; 
CR(1), R/CR(6)]

Rhagadiolus stellatus (L.) Gaertn. [1, 2, 3, 4]; [MG(R), 
OG(O), SG(F), XF(R)]; [R/CR; CR(1), R/CR(2), R/
CSR(1)]
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Arabis collina Ten. [3]; [(ft)]; [S; S(3)]
Arabis glabra (L.) Bernh. [1, 2, 3]; [OG(O), SG(R)]; 

[SR/CSR; S/CSR(1), SR(1), SR/CSR(2)]
Arabis sagittata (Bertol.) DC. [1, 2, 3, 4, 5]; [MG(O), 

OG(O), PG(O), SG(C), MF(O), XF(R)]; [R/SR; R(2), 
R/SR(3), SR(4)]

Berteroa mutabilis (Vent.) DC. [1, 2, 3, 4, 5]; [MG(R), 
OG(C), SG(O), RF(ft)]; [S/CSR; CSR(2), S/CSR(2), 
SR/CSR(1)]

Bunias erucago L. [1, 2, 4, 5]; [OG(O), SG(F)]; [CR; 
CR(1), R/CR(2), R/CSR(1)]

Capsella bursa-pastoris (L.) Medik. [1, 2, 3, 4, 5]; 
[MG(ft), OG(F), SG(O), RF(ft)]; [R/CR; R(3), R/
CR(4)]

Cardamine graeca L. [1, 2, 3, 4, 5]; [MF(R), XF(O)]; 
[R; R(2)]

Cardamine hirsuta L. [1, 5]; [OG(O), PG(C), MF(R), 
RF(ft)]; [R/CR; R/CR(5)]

Draba muralis L. [1, 2, 3]; [MG(R), OG(O), SG(R)]; [R; 
R(3)]

Erysimum cephalonicum Polatschek [2, 3, 4, 5]; [SG(O), 
MF(ft)]; [S/SR; S(3), S/SR(5)]

Erysimum microstylum Hausskn. [1, 2, 3, 4, 5]; [SG(O)]; 
[S/SR; S/SR(1)]

Fibigia clypeata (L.) Medik. subsp. clypeata [1, 4]; 
[SG(R)]; [S/CS; S/CS(2), S/SR(1)]

Rorippa thracica (Griseb.) Fritsch [2, 3]; [MG(O)]; [R/
SR; R(2), R/SR(1), S(1), SR(1)]

Sisymbrium officinale (L.) Scop. [1, 2, 3, 4]; [OG(O), 
SG(R)]; [R/CSR; CR(1), R/CR(2), R/CSR(2), SR/
CSR(2)]

Buxaceae
Buxus sempervirens L. [3]; [(ft)]; [S; S(1)]
Caesalpiniaceae
Cercis siliquastrum L. [2, 3, 5]; [OG(R), SG(O), MF(R), 

RF(O), XF(O)]; [CS; C/CSR(1), CS(2), CS/CSR(1)]
Campanulaceae
Campanula ramosissima Sm. [2, 3, 4]; [OG(R), SG(R)]; 

[R; R(4), R/CR(1)]
Campanula spatulata subsp. spruneriana (Hampe) Ha

yek [1, 2, 3, 4, 5]; [MG(ft), OG(O), PG(C), SG(O), 
MF(C), XF(O)]; [R/SR; R(1), R/SR(1), SR(1)]

Campanula trachelium L. s.l. [1, 2, 3, 4, 5]; [MF(O), 
XF(R)]; [CR/CSR; C/CSR(1), CR(1), CR/CSR(2), 
CSR(1)]

Legousia falcata (Ten.) Janch. [3]; [(ft)]; [R/CR; R(1), R/
CR(3), R/SR(1)]

Caprifoliaceae
Sambucus nigra L. [3]; [RF(C)]; [C/CSR; C/CR(2), C/

CS(1), C/CSR(2)]
Caryophyllaceae
Arenaria leptoclados (Rchb.) Guss. [1, 2, 3, 4, 5]; [OG(F), 

SG(C)]; [S; S(1)]
Cerastium brachypetalum subsp. roeseri (Boiss. & Heldr.) 

Nyman [1, 2, 3, 4, 5]; [OG(O), SG(C)]; [R/SR; R(5), 
R/SR(1), S(1), S/SR(1), SR(1)]

Dianthus viscidus Bory & Chaub. [1, 2, 3, 5]; [MG(O), 
OG(R), PG(O), SG(R), MF(R)]; [S/SR; S(1), S/
SR(5), SR(2)]

Herniaria incana Lam. [1, 3]; [OG(R)]; [S; S(5)]
Lychnis coronaria (L.) Desr. [3]; [PG(C), MF(O)]; [C/

CSR; C/CR(1), CR(1), CS/CSR(1), S/CS(1)]
Moenchia mantica (L.) Bartl. [1, 2, 3, 4, 5]; [MG(C), 

OG(F), SG(R)]; [S; S(4), S/SR(1)]
Petrorhagia dubia (Raf.) G. López & Romo [1, 2, 3, 4, 

5]; [MG(O), OG(O), SG(R)]; [S/SR; S(2), S/SR(4), 
SR(1)]

Petrorhagia prolifera (L.) P. W. Ball & Heywood [1, 2, 3, 
4, 5]; [MG(R), OG(C), PG(O), SG(O)]; [SR; SR(1)]

Petrorhagia saxifraga (L.) Link [1, 2, 3, 4, 5]; [SG(C)]; 
[S; S(4)]

Silene gallinyi Rchb. [1, 2, 3, 4, 5]; [MG(O), OG(F), 
SG(O)]; [SR; R(1), R/CR(1), R/SR(1), S/SR(3), SR/
CSR(1)]

Silene graeca Boiss. & Spruner [2, 3, 4]; [OG(R), 
SG(O)]; [R/CR; R(5), R/CR(3), SR(2)]

Silene heldreichii Boiss. [1, 2, 4]; [OG(O), SG(O)]; [SR; 
S/SR(1), SR(2), SR/CSR(2)]

Silene latifolia Poir. [3]; [OG(R), MF(ft)]; [CR/CSR; 
CR(2), CS/CSR(1)]

Silene niederi Boiss. [1, 2, 3, 4, 5]; [OG(O), SG(R), 
MF(R)]; [S/CSR; R/CSR(1), S/CSR(1), S/SR(1)]

Silene paradoxa L. [1, 3]; [SG(R)]; [S/CS; S(1), S/CS(3), 
S/CSR(1)]

Silene ungeri Fenzl [1, 2, 3, 4]; [OG(O), SG(O)]; [R/SR; 
R(1), R/CR(1), S/SR(1), SR(2)]

Silene viridiflora L. [1, 2, 3, 5]; [PG(C), MF(F), XF(O)]; 
[CSR; CSR(1), R/CSR(1), S/CSR(3)]

Silene vulgaris (Moench) Garcke s.l. [1, 2, 3, 4]; [OG(O), 
SG(ft), XF(R)]; [R/CSR; R/CR(3), R/CSR(2), SR/
CSR(1)]

Stellaria media (L.) Vill. [1, 2]; [MG(R), OG(R), SG(R), 
MF(R), XF(R)]; [R; R(1)]

Celastraceae
Euonymus europaeus L. [1, 2, 3, 4, 5]; [MG(R), OG(R), 

SG(R), MF(O), RF(C), XF(F)]; [CSR; CR/CSR(1), 
CSR(4)]

Cistaceae
Cistus creticus subsp. eriocephalus (Viv.) Greuter & 

Burdet [2, 3, 5]; [MG(R), OG(R), SG(O), MF(R), 
XF(R)]; [S; S(3)]

Fumana arabica (L.) Spach [3]; [SG(R)]; [S; S(4)]
Helianthemum nummularium (L.) Mill. subsp. nummu-

larium [1, 2, 3, 4]; [OG(R), SG(O)]; [S; S(4)]
Helianthemum salicifolium (L.) Mill. [3, 4, 5]; [OG(O), 

SG(C)]; [S/SR; S(1), S/SR(2)]
Colchicaceae
Colchicum haynaldii Heuff. [1, 3, 4, 5]; [MG(O), OG(R), 

SG(O), MF(R), XF(R)]; [CR; C/CR(2), CR(2)]
Convolvulaceae
Convolvulus arvensis L. [1, 2, 3, 4, 5]; [MG(C), OG(C), 

SG(O)]; [R/CR; R/CR(3), R/CSR(1)]
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Convolvulus cantabrica L. [1, 2, 3, 4, 5]; [OG(O), 
SG(C)]; [S/SR; S/CS(2), S/CSR(1), S/SR(2)]

Convolvulus elegantissimus Mill. [1, 2, 4]; [OG(R), 
SG(O)]; [S/CS; S(1), S/CS(3), S/CSR(1)]

Cornaceae
Cornus mas L. [1, 2, 3, 4, 5]; [MG(O), OG(R), PG(C), 

SG(O), MF(C), XF(C)]; [SR/CSR; CSR(1), R/
CSR(1), SR/CSR(3)]

Cornus sanguinea subsp. australis (C. A. Mey.) Jáv. [3, 
4, 5]; [SG(R), MF(O), RF(C), XF(O)]; [S/CSR; CS/
CSR(1), S/CSR(4)]

Crassulaceae
Sedum cepaea L. [3, 5]; [XF(R)]; [S/SR; S(1), S/SR(4)]
Sedum rubens L. [1, 2, 3, 4, 5]; [OG(R), SG(F)]; [S; S(8)]
Cyperaceae
Carex caryophyllea Latourr. [1, 2, 4, 5]; [MG(O), SG(O), 

MF(R)]; [S/SR; S/SR(5)]
Carex distachya Desf. [1, 2, 3, 4, 5]; [MG(R), OG(R), 

PG(C), SG(O), MF(O), RF(O), XF(O)]; [S/SR; S/
CS(4), S/CSR(1), S/SR(4)]

Carex distans L. [5]; [MG(R)]; [S/CSR; S/CSR(2), S/
SR(1)]

Carex divisa Huds. [1, 2, 3, 4, 5]; [MG(O), OG(O), 
SG(R), MF(R), XF(R)]; [S; S(5)]

Carex flacca subsp. serrulata (Spreng.) Greuter [1, 2, 3, 
4, 5]; [MG(O), PG(C), SG(F), MF(F), XF(O)]; [S/
CS; S(2), S/CSR(2)]

Carex halleriana Asso subsp. halleriana [1, 2, 3, 4, 5]; 
[SG(O), MF(R), XF(O)]; [S/SR; S(1), S/CS(2), S/
CSR(2), S/SR(6)]

Carex leersii F. W. Schultz [1, 2, 3, 4, 5]; [MG(O), OG(F), 
MF(O), XF(O)]; [S/CSR; S/CSR(4), S/SR(2)]

Carex muricata L. subsp. muricata [1, 3, 5]; [MG(O), 
OG(R), MF(R)]; [S/CSR; S/CSR(3)]

Carex pendula Huds. [3]; [RF(O)]; [C/CS; C/CS(1)]
Carex remota L. [3]; [RF(C)]; [SR/CSR; SR/CSR(5)]
Dioscoreaceae
Dioscorea communis (L.) Caddick & Wilkin [2, 4, 5]; 

[SG(R), MF(O), RF(C), XF(O)]; [CR; CR(4)]
Dipsacaceae
Knautia integrifolia (L.) Bertol. subsp. integrifolia [1, 2, 

3, 4, 5]; [OG(O), SG(O)]; [CSR; CSR(3), R/CSR(1), 
SR/CSR(1)]

Knautia integrifolia subsp. mimica (Borbás) Greuter [1, 2, 
4, 5]; [OG(R), SG(R)]; [CR/CSR; CR(1), SR/CSR(1)]

Lomelosia brachiata (Sm.) Greuter & Burdet [3, 4, 5]; 
[OG(ft), SG(O)]; [S/CSR; CR/CSR(1), CSR(1), S/
CSR(3)]

Scabiosa tenuis Boiss. [1, 2, 3, 4, 5]; [OG(F), PG(O), 
SG(C), XF(R)]; [R/CSR; CR(1), R/CR(1), R/CSR(3)]

Euphorbiaceae
Euphorbia amygdaloides L. subsp. amygdaloides [2, 5]; 

[MF(R), XF(R)]; [R/CSR; R/CSR(2), SR/CSR(2)]
Euphorbia exigua L. subsp. exigua [5]; [SG(R)]; [S/SR; 

S(1), SR(1)]

Euphorbia falcata L. subsp. falcata [2, 3, 4, 5]; [OG(R), 
SG(O)]; [SR; R/SR(1), S/SR(1), SR(3)]

Euphorbia helioscopia L. [1, 2, 3, 4, 5]; [MG(R), OG(O), 
SG(O)]; [R/SR; R/SR(1)]

Euphorbia myrsinites L. [4]; [OG(R), SG(O)]; [S/CS; 
S(1), S/CS(4)]

Euphorbia phymatosperma subsp. cernua (Coss. & 
Durieu) Vindt [1, 2, 3, 4]; [OG(R), SG(O), MF(R), 
XF(O)]; [SR; R/SR(5), SR(4)]

Fabaceae
Anthyllis vulneraria subsp. bulgarica (Sagorski) Cullen 

[2, 4]; [SG(R)]; [CS/CSR; C/CSR(2), CS/CSR(2), 
CSR(1)]

Astragalus glycyphyllos L. subsp. glycyphyllos [5]; 
[PG(O), MF(O)]; [CR/CSR; C/CSR(1), CR(1), CR/
CSR(1), CS/CSR(1)]

Bituminaria bituminosa (L.) C. H. Stirt. [2, 3, 4, 5]; 
[SG(O), XF(R)]; [S/CSR; CS/CSR(1), S/CSR(2)]

Colutea arborescens L. subsp. arborescens [1, 3, 4]; 
[MF(R), XF(R)]; [CS/CSR; CS/CSR(1), CSR(2), S/
CS(1), S/CSR(1)]

Coronilla scorpioides (L.) W. D. J. Koch [1, 2, 4]; 
[OG(R), SG(F)]; [S; S(4)]

Dorycnium herbaceum Vill. [1, 2, 3, 4, 5]; [MG(ft), 
SG(R)]; [SR; S/SR(1), SR(3), SR/CSR(1)]

Dorycnium hirsutum (L.) Ser. [2, 3, 5]; [PG(C), MF(O), 
XF(O)]; [S/CSR; S/SR(2), SR(1), SR/CSR(1)]

Hippocrepis ciliata Willd. [3, 4]; [SG(O)]; [S/SR; S(3), 
S/SR(3)]

Hippocrepis emerus subsp. emeroides (Boiss. & Spruner) 
Lassen [2, 3, 4, 5]; [MF(R), XF(O)]; [S/CS; S/CS(3), 
S/SR(1)]

Hymenocarpos circinnatus (L.) Savi [3, 4, 5]; [MG(R), 
OG(R), SG(O)]; [SR/CSR; R/CR(1), S/SR(1), SR/
CSR(4)]

Lathyrus aphaca L. [1, 2, 3, 5]; [MG(O), OG(R), PG(O), 
SG(O), MF(O), XF(O)]; [R/SR; R(2), R/CSR(1), R/
SR(1), SR(1)]

Lathyrus cicera L. [1, 2, 3, 4, 5]; [MG(R), OG(R), 
SG(O)]; [S/SR; S(1), S/CSR(1), S/SR(2)]

Lathyrus digitatus (M. Bieb.) Fiori [1, 2, 3]; [XF(O)]; 
[SR/CSR; CSR(2), SR/CSR(2)]

Lathyrus inconspicuus L. [1, 2, 3, 4, 5]; [MG(O), OG(R), 
PG(C), SG(O), MF(O), XF(R)]; [S/SR; S(1), S/
SR(3), SR(1)]

Lathyrus laxiflorus (Desf.) Kuntze [1, 2, 3, 4, 5]; [PG(ft), 
MF(C), XF(O)]; [SR/CSR; SR/CSR(2)]

Lathyrus niger (L.) Bernh. [1, 3, 4, 5]; [PG(C), MF(O)]; 
[CSR; CSR(1), S/CSR(1), SR/CSR(2)]

Lathyrus nissolia L. [1, 2, 3, 4, 5]; [MG(O), PG(O), 
SG(R)]; [SR/CSR; SR(1), SR/CSR(3)]

Lathyrus setifolius L. [1, 3, 4]; [SG(R)]; [S/SR; S(1), S/
SR(2)]

Lathyrus venetus (Mill.) Wohlf. [1, 2, 3, 4]; [MF(O), 
XF(O)]; [CSR; CR/CSR(1), CSR(3), R/CSR(1)]
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Lotus corniculatus L. [1, 2, 3, 4, 5]; [MG(F), OG(O), 
PG(C), SG(O), MF(R), XF(O)]; [R/SR; R/CR(2), R/
SR(2), SR/CSR(1)]

Medicago arabica (L.) Huds. [1, 2, 3, 4, 5]; [MG(O), 
OG(C), SG(R), MF(R)]; [SR; R/SR(1), SR(2), SR/
CSR(1)]

Medicago lupulina L. [1, 3, 4, 5]; [MG(O), OG(O), 
SG(O), RF(ft), XF(R)]; [S/SR; S/CSR(1), S/SR(4)]

Medicago minima (L.) Bartal. [1, 2, 3, 4, 5]; [MG(R), 
OG(C), PG(O), SG(C)]; [SR; S/SR(2), SR(5)]

Medicago orbicularis (L.) Bartal. [1, 2, 3, 4, 5]; [MG(O), 
OG(C), SG(F)]; [SR; SR(5), SR/CSR(1)]

Medicago polymorpha L. [1, 2, 3, 4, 5]; [MG(R), OG(O), 
SG(R)]; [SR; S/CSR(1), S/SR(3), SR/CSR(2)]

Medicago rigidula (L.) All. [1, 2, 3, 4, 5]; [MG(R), 
OG(C), SG(C)]; [SR; S/SR(3), SR(3)]

Medicago sativa subsp. falcata (L.) Arcang. [1, 2, 3, 4, 
5]; [OG(F), SG(O)]; [S/SR; S/SR(5), SR(1)]

Medicago sativa L. subsp. sativa [3]; [OG(O)]; [S/SR; S/
CS(1), S/SR(3)]

Melilotus officinalis (L.) Lam. [1]; [MF(ft)]; [S/CS; S/
CS(1)]

Onobrychis aequidentata (Sm.) d’Urv. [1, 4]; [SG(O)]; 
[S/SR; S/CS(2), S/CSR(2), S/SR(1)]

Onobrychis alba (Waldst. & Kit.) Desv. subsp. alba [1, 
4]; [SG(O)]; [S/CS; S(1), S/CS(4)]

Onobrychis caput-galli (L.) Lam. [4, 5]; [OG(R), SG(F)]; 
[S/SR; S/SR(5), SR/CSR(1)]

Onobrychis pindicola Hausskn. [4]; [SG(O)]; [S/CS; S/
CS(2), S/SR(1)]

Ononis reclinata L. [3]; [SG(R)]; [SR; R/SR(1), S/SR(2), 
SR(2)]

Ononis spinosa L. s.l. [1, 3, 4, 5]; [MG(F), OG(O), 
SG(O)]; [R/CSR; R/CR(1), R/CSR(2), SR/CSR(1)]

Ornithopus compressus L. [1, 2, 3, 5]; [MG(O), OG(R), 
PG(C), SG(ft), MF(O)]; [R/CSR; R/CSR(2), SR(1), 
SR/CSR(3)]

Scorpiurus muricatus L. [1, 2, 3, 5]; [MG(R), OG(R), 
SG(O)]; [R/CR; R(2), R/CR(3)]

Securigera securidaca (L.) Degen & Dörfl. [2, 5]; 
[SG(R)]; [R/CR; CR(1), CR/CSR(1), R/CR(2)]

Trifolium angustifolium L. [1, 2, 3, 4, 5]; [MG(F), OG(F), 
PG(C), SG(C), XF(R)]; [S/SR; S/SR(4)]

Trifolium arvense L. [3, 5]; [MG(R), PG(C)]; [S/SR; 
S(1), S/SR(3), SR(1)]

Trifolium campestre Schreb. [1, 2, 3, 5]; [MG(C), OG(C), 
PG(C), SG(C), MF(O)]; [SR; R/SR(1), S/SR(2), 
SR(2)]

Trifolium cherleri L. [1, 2, 3, 4, 5]; [MG(R), OG(F), 
PG(O), SG(F)]; [S/SR; S/SR(6), SR(3)]

Trifolium dalmaticum Vis. [1, 2, 3, 4, 5]; [OG(C), PG(C), 
SG(C)]; [S/SR; S/SR(5), SR(4), SR/CSR(1)]

Trifolium grandiflorum Schreb. [1, 2, 3]; [SG(R), XF(R)]; 
[S/SR; S/SR(3), SR(1)]

Trifolium heldreichianum Hausskn. [1, 3]; [MF(O)]; [SR/
CSR; S/CSR(2), SR/CSR(3)]

Trifolium hirtum All. [3]; [OG(R), PG(O)]; [S/CSR; S/
CSR(4)]

Trifolium lappaceum L. [1, 3, 4, 5]; [MG(R), SG(O)]; [S/
SR; S(3), S/SR(3)]

Trifolium ochroleucon subsp. roseum (C. Presl) Lassen [1, 
2, 3, 4, 5]; [MG(O), PG(O), MF(F), XF(R)]; [CSR; 
CSR(4), R/CSR(1), S/CSR(4), S/SR(1)]

Trifolium patulum Tausch [1, 3, 5]; [MF(O), XF(R)]; [S/
CSR; S/CSR(3), SR(1), SR/CSR(1)]

Trifolium physodes M. Bieb. [1, 2, 3, 4, 5]; [MG(O), 
OG(O), SG(O), MF(O), XF(O)]; [S/CSR; CR/
CSR(2), S(3), S/CS(1), S/CSR(4), S/SR(1), SR/
CSR(1)]

Trifolium pignantii Fauché & Chaub. [1, 3]; [MF(O), 
XF(R)]; [SR/CSR; S/CSR(3), SR/CSR(6)]

Trifolium pratense L. [1, 2, 3, 4, 5]; [MG(F), OG(C), 
PG(C), SG(R), MF(R), XF(R)]; [SR/CSR; SR/
CSR(4)]

Trifolium repens L. [1, 2, 3, 4, 5]; [MG(F), OG(F), PG(O), 
SG(R)]; [R/CR; R(1), R/CR(3), SR/CSR(1)]

Trifolium resupinatum L. subsp. resupinatum [1, 2, 3, 5]; 
[MG(O), OG(O), SG(ft)]; [SR; S/CSR(2), S/SR(1), 
SR(7)]

Trifolium scabrum L. [1, 3, 4, 5]; [OG(R), SG(O)]; [S/
SR; S(2), S/SR(3)]

Trifolium stellatum L. [1, 2, 3, 4]; [OG(O), SG(F)]; [S/
CSR; S/CSR(3), S/SR(1), SR(2), SR/CSR(1)]

Trifolium strictum L. [1]; [MF(ft)]; [SR; S/SR(1), SR/
CSR(3)]

Trifolium subterraneum L. [1, 2, 3, 4, 5]; [MG(O), 
OG(C), PG(C), SG(O), MF(R), XF(R)]; [SR/CSR; 
R/CSR(2), SR/CSR(3)]

Trifolium tenuifolium Ten. [1, 3, 5]; [MG(O), PG(C)]; [S/
SR; S/SR(3), SR(2)]

Trifolium vesiculosum Savi [3]; [PG(C)]; [S/CSR; S/
CSR(3), SR/CSR(1)]

Trigonella gladiata M. Bieb. [1, 2, 4, 5]; [SG(O)]; [S/SR; 
S/SR(3), SR(1)]

Vicia bithynica (L.) L. [4]; [MG(R), SG(R)]; [SR/CSR; 
SR/CSR(2)]

Vicia cassubica L. [1, 3, 5]; [PG(O), MF(O)]; [CSR; 
CSR(4), R/CSR(1)]

Vicia grandiflora Scop. [1, 2, 3, 5]; [MG(R), OG(R), 
PG(O), SG(R), MF(F), XF(O)]; [R/CSR; CSR(1), R/
CR(1), R/CSR(2), SR/CSR(1)]

Vicia hirsuta (L.) Gray [1, 2, 3, 4, 5]; [PG(O), SG(R), 
MF(O), XF(R)]; [SR; S/SR(2), SR(1)]

Vicia hybrida L. [2, 3]; [OG(R), SG(R)]; [S/SR; S(1), S/
CSR(1), S/SR(1)]

Vicia lathyroides L. [1, 2, 3, 4]; [MG(R), OG(R), PG(C), 
SG(R), XF(R)]; [S/SR; S/SR(4)]

Vicia tetrasperma (L.) Schreb. [1, 3, 5]; [MG(O), PG(O), 
SG(R), MF(R)]; [R/SR; R(2), R/SR(2), SR(1)]

Vicia villosa subsp. varia (Host) Corb. [1, 2, 3, 4, 5]; 
[MG(F), OG(C), SG(C), MF(O), XF(O)]; [SR/CSR; 
CSR(1), R/CSR(1), SR/CSR(3)]
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Fagaceae
Castanea sativa Mill. [3, 4]; [MF(O)]; [CS/CSR; CS(1), 

CS/CSR(4)]
Quercus cerris L. [1, 2, 3, 4, 5]; [MG(O), OG(O), PG(C), 

SG(O), MF(C), RF(O), XF(C)]; [S/CSR; CS/CSR(2), 
S/CS(1), S/CSR(2)]

Quercus coccifera L. [2, 5]; [MG(O), OG(O), SG(F), 
MF(F), RF(C), XF(C)]; [S; S(2), S/CS(2)]

Quercus frainetto Ten. [1, 2, 4, 5]; [MG(O), OG(O), 
PG(C), SG(R), MF(C), XF(O)]; [C/CSR; C/CR(1), 
CR(1), S/CS(1)]

Quercus ithaburensis subsp. macrolepis (Kotschy) Hedge 
& Yalt. [2, 3]; [SG(O)]; [S/CS; S/CS(5)]

Quercus pubescens Willd. [1, 2, 3, 4, 5]; [MG(F), OG(O), 
PG(C), SG(F), MF(O), RF(C), XF(C)]; [S/CS; S/
CS(5)]

Quercus robur subsp. pedunculiflora (K. Koch) Menitsky 
[3, 5]; [MF(ft)]; [S/CS; CS(2), S/CS(3)]

Quercus trojana Webb subsp. trojana [1, 2, 3, 4]; [OG(R), 
SG(O), MF(O), XF(O)]; [S/CS; S/CS(10)]

Gentianaceae
Blackstonia perfoliata (L.) Huds. subsp. perfoliata [5]; 

[SG(R)]; [SR; SR(2), SR/CSR(1)]
Centaurium erythraea subsp. rumelicum (Velen.) Mel-

deris [3, 5]; [MG(O), PG(C)]; [R/CSR; R/CR(1), R/
CSR(1), R/SR(1), SR/CSR(2)]

Centaurium pulchellum (Sw.) Druce [4]; [SG(ft)]; [S/SR; 
S(3), SR(1)]

Geraniaceae
Geranium columbinum L. [1, 2, 3, 4, 5]; [MG(O), OG(O), 

PG(C), SG(C), MF(R)]; [R/CSR; R/CSR(2)]
Geranium dissectum L. [1, 2, 3, 4, 5]; [MG(C), OG(C), 

SG(R), MF(R)]; [SR; S/CSR(1), SR(3), SR/CSR(2)]
Geranium lanuginosum Lam. [1, 4, 5]; [SG(R), MF(O), 

XF(R)]; [CR/CSR; CR(1), CR/CSR(1), CSR(2), R/
CR(1)]

Geranium lucidum L. [1, 2, 3, 4, 5]; [MG(R), SG(R), 
MF(R), XF(O)]; [R; R(4)]

Geranium molle L. [1, 2, 3, 4, 5]; [MG(R), OG(F), 
SG(O), MF(R), XF(R)]; [R/CR; CR(1), R(4), R/
CR(3), S/SR(1)]

Geranium purpureum Vill. [1, 2, 3, 4, 5]; [SG(O), MF(R), 
XF(R)]; [R/CSR; R/CR(3), SR/CSR(2)]

Geranium robertianum L. [1, 2, 3, 5]; [SG(R), MF(R), 
RF(ft), XF(R)]; [R/CR; R/CR(2)]

Geranium rotundifolium L. [3, 4, 5]; [SG(O), MF(R), 
RF(ft)]; [R/CR; CR(2), R/CR(2)]

Hippocastanaceae
Aesculus hippocastanum L. [3]; [XF(R)]; [C/CR; C/CR(1)]
Hyacinthaceae
Muscari cf armeniacum Baker [1, 2, 5]; [OG(R), SG(O), 

MF(R), XF(R)]; [R/CR; R/CR(4)]
Muscari comosum (L.) Mill. [1, 2, 3, 4]; [OG(O), PG(C), 

SG(F), MF(O), XF(O)]; [C/CR; C/CR(3), CR(1)]
Ornithogalum narbonense L. [5]; [SG(R), MF(R)]; [C/

CSR; C/CR(1), C/CSR(1)]

Hypericaceae
Hypericum perforatum subsp. veronense (Schrank) Ces. 

[1, 2, 3, 4, 5]; [MG(F), OG(C), PG(C), SG(F), MF(O), 
XF(R)]; [S/SR; S(3), SR(2)]

Hypericum rumeliacum Boiss. subsp. rumeliacum [2]; 
[SG(O)]; [S/SR; S(1), S/SR(1)]

Hypericum spruneri Boiss. [1, 2, 3, 4, 5]; [OG(R), PG(O), 
SG(F), MF(R), XF(O)]; [S/SR; S/CS(1), S/SR(3)]

Iridaceae
Iris sintenisii Janka subsp. sintenisii [3, 5]; [SG(R), 

MF(R), XF(R)]; [S/CS; S/CS(2)]
Juglandaceae
Juglans regia L. [3, 4, 5]; [MF(O), RF(C), XF(O)]; [C/

CR; C/CR(3), C/CSR(2)]
Juncaceae
Juncus gerardi Loisel. subsp. gerardi [3]; [MG(ft)]; [S; 

S(2)]
Luzula campestris (L.) DC. subsp. campestris [1, 5]; 

[MG(F), OG(R), PG(C), SG(O), MF(R)]; [SR; R/
SR(1), SR(3)]

Luzula forsteri (Sm.) DC. [1, 2, 3, 4, 5]; [MF(C), XF(C)]; 
[S/CSR; S/CSR(4)]

Lamiaceae
Ajuga chamaepitys (L.) Schreb. subsp. chamaepitys [2, 3, 

4, 5]; [OG(R), SG(O)]; [S/SR; S(1), S/SR(4)]
Ajuga genevensis L. [2, 3]; [OG(R)]; [CSR; CSR(1), R/

CSR(2), S/CSR(1)]
Ajuga reptans L. [3, 5]; [MF(R), RF(O), XF(R)]; [CSR; 

CR/CSR(1), CSR(4)]
Clinopodium vulgare subsp. orientale Bothmer [1, 2, 4, 

5]; [MG(R), OG(O), PG(C), SG(R), MF(O), XF(O)]; 
[SR/CSR; SR/CSR(1)]

Lamium maculatum L. [3]; [RF(O)]; [CSR; CSR(2), R/
CR(1), R/CSR(2)]

Marrubium peregrinum L. [1, 2, 3, 4, 5]; [OG(O)]; [S/
CSR; CS/CSR(2), S/CS(1), S/CSR(1)]

Melissa officinalis subsp. altissima (Sm.) Arcang. [2, 5]; 
[RF(O), XF(R)]; [CR/CSR; CR/CSR(3)]

Melittis melissophyllum subsp. albida (Guss.) P. W. Ball 
[1, 2, 4, 5]; [MF(F), XF(F)]; [CR/CSR; CR/CSR(4)]

Micromeria juliana (L.) Rchb. [1, 2, 3, 4, 5]; [SG(F), 
XF(R)]; [S; S(5)]

Origanum vulgare subsp. hirtum (Link) A. Terracc. [1, 2, 
3, 4, 5]; [MG(O), OG(O), SG(F), MF(R), XF(R)]; [S/
CSR; S/CSR(2), S/SR(1), SR(1)]

Phlomis fruticosa L. [1, 2, 4]; [OG(F), SG(C), XF(O)]; 
[CS/CSR; C/CSR(1), CS(1), CS/CSR(1), S/CS(1), S/
CSR(1)]

Prunella laciniata (L.) L. [1, 2, 3, 4, 5]; [MG(F), OG(O), 
PG(C), SG(O)]; [SR/CSR; R/CSR(1), S/CS(1), S/
CSR(1), SR/CSR(2)]

Prunella vulgaris L. [1, 2, 3, 4, 5]; [MG(O), OG(O), 
PG(O), SG(O), MF(R)]; [S/CSR; R/CSR(1), S/CS(1), 
S/CSR(3), SR/CSR(1)]

Salvia pratensis L. subsp. pratensis [1, 2, 3, 4, 5]; 
[OG(O), SG(F)]; [C/CR; C/CR(1)]
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Salvia verbenaca L. [1, 2, 3]; [OG(R), SG(R)]; [CSR; 
CSR(1)]

Scutellaria columnae All. subsp. columnae [1, 2, 4, 5]; 
[MF(O), XF(O)]; [CSR; CR(1), CSR(3)]

Sideritis purpurea Benth. [1, 2, 3, 4, 5]; [OG(O), SG(C)]; 
[SR; R(1), R/CSR(1), R/SR(3), S/SR(3), SR(2), SR/
CSR(1)]

Stachys tymphaea Hausskn. [1, 2, 3, 4, 5]; [MG(R), 
OG(F), SG(F)]; [S/CSR; CSR(1), S/CSR(4), SR/
CSR(1)]

Teucrium capitatum L. subsp. capitatum [1, 2, 3, 4, 5]; 
[MG(R), SG(C), XF(R)]; [S; S(3), S/SR(2)]

Teucrium chamaedrys L. subsp. chamaedrys [1, 2, 3, 5]; 
[OG(R), SG(O), MF(R), XF(O)]; [S; S(4)]

Thymus longicaulis C. Presl subsp. longicaulis [1, 3, 4, 
5]; [MG(F), OG(O), PG(C), SG(O), MF(O), XF(R)]; 
[SR; S/SR(2), SR(2)]

Ziziphora capitata L. subsp. capitata [1, 4]; [SG(O)]; [S; 
S(5)]

Liliaceae
Lilium chalcedonicum L. [1, 3, 4]; [MF(R), XF(O)]; [CR; 

CR(2), R/CR(1)]
Linaceae
Linum bienne Mill. [1, 3, 4, 5]; [MG(F), OG(O), PG(O), 

SG(O)]; [SR; R(2), S(4), SR(3)]
Linum corymbulosum Rchb. [1, 2, 3, 4, 5]; [MG(R), 

SG(C)]; [SR; S/SR(1), SR(1)]
Linum nodiflorum L. [1]; [SG(R)]; [R/CSR; R/CSR(2), 

R/SR(1), SR(2)]
Linum tenuifolium L. [3]; [SG(R)]; [S; S(4)]
Linum trigynum L. [1, 4, 5]; [MG(O), OG(R)]; [SR; R/

SR(2), SR(3)]
Malvaceae
Malva sylvestris L. [2, 3]; [OG(O)]; [CS/CSR; CS(1), 

CSR(2), S/CS(1)]
Oleaceae
Fraxinus angustifolia subsp. oxycarpa (Willd.) Franco & 

Rocha Afonso [3, 5]; [MG(R), MF(R), RF(C)]; [CS; 
CS(3), S/CS(1)]

Fraxinus ornus L. [1, 2, 3, 4, 5]; [OG(R), SG(O), MF(O), 
XF(C)]; [CS; CS(3), CS/CSR(1)]

Ligustrum vulgare L. [1, 3, 4, 5]; [MG(R), MF(O), 
RF(O)]; [S/CSR; S/CSR(1), S/SR(1)]

Phillyrea latifolia L. [1, 2, 3, 4, 5]; [SG(O), XF(O)]; [S; 
S(4)]

Orchidaceae
Anacamptis morio subsp. caucasica (K. Koch) H. Kretz-

schmar & al. [1, 5]; [MG(O), OG(R), SG(R)]; [R/CR; 
R(2), R/CR(5)]

Anacamptis pyramidalis (L.) Rich. [1, 2, 3, 4, 5]; [MG(R), 
OG(R), SG(O), XF(R)]; [CR; CR(2), R/CR(3)]

Cephalanthera longifolia (L.) Fritsch [1, 3, 5]; [PG(C), 
MF(O), XF(R)]; [R/CSR; R/CSR(5)]

Cephalanthera rubra (L.) Rich. [1, 2, 3, 5]; [MF(O), 
XF(O)]; [R/CSR; R/CR(2), R/CSR(1), SR/CSR(1)]

Dactylorhiza saccifera (Brongn.) Soó subsp. saccifera 
[3]; [(ft)]; [C/CR; C/CR(1)]

Himantoglossum jankae Somlyay & al. [1, 5]; [OG(ft), 
SG(R)]; [R/CR; CR(1), R/CR(1)]

Ophrys mammosa subsp. parviflora Kreutz & H. Heitz 
[3]; [SG(ft)]; [R; R(2), R/CR(1)]

Platanthera chlorantha (Custer) Rchb. subsp. chlorantha 
[3, 4, 5]; [MF(O), XF(R)]; [CR; CR(3)]

Serapias bergonii E. G. Camus [1, 4, 5]; [MG(O), OG(R), 
SG(R)]; [R/CR; R/CR(8)]

Orobanchaceae
Bellardia latifolia (L.) Cuatrec. subsp. latifolia [1, 2, 3, 

4, 5]; [MG(O), OG(F), SG(O)]; [R; R(5), R/SR(1)]
Bellardia trixago (L.) All. [4, 5]; [MG(R), OG(R), 

SG(O)]; [S; S(3), S/SR(1)]
Bellardia viscosa (L.) Fisch. & C. A. Mey. [1, 2, 3, 4, 

5]; [MG(O), OG(F), SG(F)]; [SR/CSR; S/CSR(1), S/
SR(1), SR(1), SR/CSR(2)]

Plantaginaceae
Plantago afra L. [1, 2, 3, 4]; [SG(F)]; [S/SR; S(1), S/

SR(2), SR(3)]
Plantago lanceolata L. [1, 2, 3, 4, 5]; [MG(C), OG(C), 

SG(F)]; [CSR; CR(1), CS/CSR(1), CSR(1), S/
CSR(1)]

Platanaceae
Platanus orientalis L. [5]; [RF(O)]; [C/CSR; C/CSR(3), 

CS/CSR(1)]
Plumbaginaceae
Armeria rumelica Boiss. [1, 3]; [SG(R)]; [S; S(4), S/

SR(1)]
Poaceae
Achnatherum bromoides (L.) P. Beauv. [1, 2, 3, 4, 5]; 

[OG(O), PG(C), SG(C), MF(O), RF(O), XF(O)]; [S/
CS; S(1), S/CS(1)]

Aegilops biuncialis Vis. subsp. biuncialis [1, 2, 3, 4, 5]; 
[MG(R), OG(O), SG(F)]; [S/SR; S(1), SR(2)]

Aegilops comosa subsp. heldreichii (Boiss.) Eig [1, 3, 4, 
5]; [MG(O), OG(O), SG(O)]; [S/SR; S/SR(1), SR(2)]

Aegilops geniculata Roth [1, 2, 3, 4, 5]; [MG(R), OG(R), 
SG(O)]; [S/SR; S/SR(1)]

Aegilops neglecta Bertol. subsp. neglecta [1, 2, 3, 4, 5]; 
[MG(O), OG(C), SG(C)]; [S/SR; S/SR(4)]

Aegilops triuncialis L. subsp. triuncialis [1, 2, 4, 5]; 
[MG(O), OG(O), SG(O)]; [S/SR; S/SR(2), SR(1)]

Agrostis castellana Boiss. & Reut. [2, 3]; [MG(O), 
OG(O), SG(R)]; [S/SR; S/SR(3)]

Agrostis stolonifera L. subsp. stolonifera [1, 2, 3, 4, 5]; 
[MG(F) OG(R), PG(C)]; [S/SR; S/SR(3), SR(1)]

Alopecurus rendlei Eig [1, 2, 3, 5]; [MG(F), OG(O)]; [S/
SR; S(2), S/SR(4), SR(3)]

Anthoxanthum odoratum L. [1, 2, 3, 4, 5]; [MG(C), 
OG(C), SG(F), MF(R), XF(R)]; [SR; R/CSR(1), R/
SR(1), S/CSR(2), S/SR(2), SR(1)]

Avena barbata Link subsp. barbata [2, 3, 4, 5]; [MG(O), 
OG(O), SG(C), MF(R)]; [SR; R/SR(1), SR(2), SR/
CSR(1)]

Avena sterilis subsp. ludoviciana (Durieu) Gillet & 
Magne [2, 3, 4, 5]; [MG(O), OG(F), SG(O)]; [SR/
CSR; CSR(1), S/CSR(1), SR/CSR(2)]
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Brachypodium distachyon (L.) P. Beauv. [1, 2, 3, 4, 5]; 
[OG(R), SG(O)]; [S/SR; S(2), S/SR(3)]

Brachypodium sylvaticum (Huds.) P. Beauv. subsp. 
sylvaticum [1, 2, 3, 4, 5]; [MG(O), OG(O), PG(C), 
SG(O), MF(C), RF(C), XF(C)]; [S/CSR; S/CSR(2), 
SR/CSR(2)]

Briza maxima L. [1, 2, 4, 5]; [MG(R), SG(O), XF(R)]; 
[SR; SR(2)]

Bromus hordeaceus subsp. mediterraneus (H. Scholz 
& F. M. Vázquez) H. Scholz [1, 2, 3, 4, 5]; [MG(O), 
OG(F), SG(R)]; [R/CSR; R(1), R/CSR(4), R/SR(1), 
SR(1), SR/CSR(1)]

Bromus racemosus subsp. lusitanicus (Sales & P. M. Sm.) 
H. Scholz & Spalton [1, 2, 3, 5]; [MG(F), OG(O), 
SG(R)]; [S/SR; S/CSR(1), S/SR(4)]

Bromus ramosus Huds. [3]; [(ft)]; [CR; CR(1)]
Bromus squarrosus L. subsp. squarrosus [1, 4]; [OG(R), 

SG(O)]; [S; S(3), S/SR(2)]
Bromus sterilis L. [1, 2, 3, 4, 5]; [MG(O), OG(C), SG(F)]; 

[SR; SR(5)]
Catapodium rigidum (L.) C. E. Hubb. [3, 4, 5]; [OG(R), 

PG(ft), SG(C), RF(ft)]; [SR; R/SR(1), S/SR(3), 
SR(1)]

Chrysopogon gryllus (L.) Trin. [1, 4, 5]; [MG(O), OG(R), 
SG(O)]; [SR/CSR; S/CSR(2), SR/CSR(3)]

Cynodon dactylon (L.) Pers. [1, 2, 3, 4, 5]; [MG(O), 
OG(F), SG(O)]; [S/SR; S/SR(1)]

Cynosurus cristatus L. [1, 3, 4, 5]; [MG(F), OG(O), 
SG(R), MF(R)]; [SR; R/CSR(1), S/SR(1), SR(3)]

Cynosurus echinatus L. [1, 2, 3, 4, 5]; [MG(F), OG(C), 
SG(C), MF(O), XF(R)]; [SR/CSR; R/CSR(1), R/
SR(1), SR/CSR(3)]

Dactylis glomerata subsp. hispanica (Roth) Nyman [1, 
2, 4, 5]; [MG(O), OG(C), PG(C), SG(C), MF(F), 
XF(O)]; [S/SR; S(1), S/SR(4)]

Dasypyrum villosum (L.) P. Candargy [1, 2, 3, 4, 5]; 
[MG(O), OG(C), SG(C)]; [SR/CSR; SR(3), SR/
CSR(2)]

Echinaria capitata (L.) Desf. [1]; [SG(R)]; [S; S(2), S/
SR(1)]

Elymus panormitanus (Parl.) Tzvelev [3]; [(ft)]; [S/CSR; 
S/CSR(4)]

Festuca arundinacea Schreb. s.l. [3, 5]; [MG(O), OG(R)]; 
[S/CS; S/CS(4), S/SR(3), SR(1)]

Festuca heterophylla Lam. [1, 2, 3, 4, 5]; [PG(O), MF(O), 
XF(R)]; [S/SR; S/CSR(1), S/SR(1)]

Festuca jeanpertii (St.-Yves) Markgr. s.l. [3, 4]; [SG(O)]; 
[S; S(4), S/SR(1)]

Gaudinia fragilis (L.) P. Beauv. [1, 2, 3, 4, 5]; [MG(O), 
OG(O), SG(F)]; [SR; R/CSR(1), R/SR(1), S(1), S/
SR(3), SR(7)]

Helictotrichon convolutum (C. Presl) Henrard [1, 2, 3, 4, 
5]; [OG(R), SG(O), MF(R), XF(O)]; [S; S(3)]

Holcus lanatus L. subsp. lanatus [3, 4, 5]; [MG(R), 
OG(R), SG(R), RF(ft)]; [SR/CSR; SR/CSR(5)]

Hordeum bulbosum L. [1, 2, 3, 4, 5]; [MG(O), OG(C), 
SG(O)]; [S/CSR; S/CSR(1), S/SR(1), SR(1), SR/
CSR(2)]

Hordeum geniculatum All. [2, 3, 5]; [MG(O), OG(R)]; 
[S/SR; S/SR(5)]

Hordeum murinum subsp. glaucum (Steud.) Tzvelev [2, 
3]; [OG(R), MF(ft)]; [SR; R/SR(2), SR(3)]

Koeleria pyramidata (Lam.) P. Beauv. subsp. pyramidata 
[1, 3]; [SG(R), XF(R)]; [S; S(4), S/CS(2), S/SR(3)]

Lolium perenne L. [1, 2, 3, 4, 5]; [MG(F), OG(C), SG(O), 
MF(R)]; [S/CSR; R/CSR(1), S/CSR(2), S/SR(4), SR/
CSR(1)]

Lolium rigidum Gaudin subsp. rigidum [1, 3, 5]; [OG(O), 
SG(R)]; [SR; S/SR(2), SR(3)]

Melica transsilvanica subsp. klokovii Tzvelev [1, 4]; 
[SG(R), XF(R)]; [S/SR; S/SR(4), SR(1)]

Melica uniflora Retz. [1, 2, 4, 5]; [MF(O), RF(O), XF(F)]; 
[SR/CSR; R/CSR(1), SR/CSR(4)]

Phleum echinatum Host [3, 5]; [OG(R), SG(R)]; [R/SR; 
R(2), R/CR(1), R/SR(2), SR(1)]

Phleum nodosum L. [1, 2, 3, 4, 5]; [MG(C), OG(O), 
SG(F), MF(O), XF(R)]; [S/SR; S/CSR(3), S/SR(6), 
SR/CSR(1)]

Phleum phleoides (L.) H. Karst. [1, 2, 3, 4]; [SG(O)]; [S; 
S(3), S/SR(1)]

Phleum subulatum (Savi) Asch. & Graebn. [1, 4]; 
[OG(R), SG(R)]; [S/SR; S/SR(2), SR(2)]

Piptatherum holciforme subsp. longiglume (Hausskn.) 
Freitag [3, 4]; [SG(ft)]; [S/SR; S(2), S/CS(2), S/
SR(1)]

Poa compressa L. [3]; [(ft)]; [S/SR; S(1), S/SR(4)]
Poa hybrida Gaudin [3]; [(ft)]; [SR/CSR; SR/CSR(3)]
Poa nemoralis L. subsp. nemoralis [1, 2, 3, 4, 5]; [MG(R), 

PG(O), MF(F), XF(R)]; [SR; SR(3), SR/CSR(1)]
Poa timoleontis Boiss. [1, 2, 3, 4, 5]; [MG(R), OG(F), 

SG(C), MF(O), XF(O)]; [SR; S(1), S/SR(2), SR(2)]
Poa trivialis subsp. sylvicola (Guss.) H. Lindb. [1, 2, 3, 4, 

5]; [MG(F), OG(C), PG(C), SG(O), MF(O), RF(C), 
XF(R)]; [SR; R/SR(1), S/SR(1), SR(1)]

Psilurus incurvus (Gouan) Schinz & Thell. [4, 5]; 
[SG(O)]; [R; R(3), SR(1)]

Rostraria cristata (L.) Tzvelev [1, 2]; [OG(R), SG(ft)]; 
[S; S(2), S/SR(1)]

Stipa pulcherrima K. Koch [1, 3, 4]; [SG(O), XF(R)]; [S; 
S(7), S/CS(2)]

Trisetum flavescens subsp. splendens (C. Presl) Arcang. 
[1, 3, 4]; [MG(O), OG(O), SG(R)]; [SR; S/SR(5), 
SR(4), SR/CSR(1)]

Vulpia ciliata Dumort. subsp. ciliata [1, 2, 3, 4, 5]; 
[MG(O), OG(O), SG(O)]; [S; S(1)]

Vulpia myuros (L.) C. C. Gmel. [1, 2, 3, 4, 5]; [MG(O), 
OG(C), SG(O)]; [R/SR; R(1), SR(2)]

Polygalaceae
Polygala monspeliaca L. [1, 3, 4, 5]; [MG(R), SG(O)]; 

[R/SR; R(1), R/SR(2), S/SR(1), SR(1)]
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Polygonaceae
Rumex acetosella subsp. acetoselloides (Balansa) Nijs 

[1, 4, 5]; [MG(R), OG(R)]; [SR/CSR; R(1), R/SR(1), 
S/CS(1), S/CSR(1)]

Rumex conglomeratus Murray [3]; [(ft)]; [CSR; CS/
CSR(1), CSR(1)]

Rumex crispus L. [1, 2, 3, 5]; [MG(O), OG(R), MF(ft)]; 
[C/CSR; C/CS(1), C/CSR(1), CS(1)]

Rumex obtusifolius subsp. sylvestris (Wallr.) Čelak. [3]; 
[(ft)]; [CR/CSR; C/CSR(1), CR(1)]

Rumex pulcher L. subsp. pulcher [1, 2, 3, 4, 5]; [MG(O), 
OG(C)]; [R/CSR; R/CR(1), R/CSR(2)]

Primulaceae
Anagallis arvensis L. [1, 2, 5]; [OG(R), SG(O)]; [R/SR; 

R(2), R/SR(1), SR(1)]
Asterolinon linum-stellatum (L.) Duby [1, 2]; [SG(O)]; 

[SR; SR(1)]
Primula vulgaris Huds. subsp. vulgaris [4]; [MF(R), 

RF(O), XF(O)]; [C/CR; C/CR(4), CR(1)]
Punicaceae
Punica granatum L. [3, 5]; [MF(ft), RF(O)]; [S/CSR; S/

CSR(1)]
Ranunculaceae
Clematis flammula L. [1, 2, 3, 4, 5]; [MG(O), OG(O), 

PG(O), SG(O), MF(F), XF(F)]; [CS/CSR; C/CSR(1), 
CS(1)]

Clematis vitalba L. [1, 2, 4, 5]; [MG(R), MF(R), RF(C), 
XF(O)]; [CS/CSR; C/CSR(1), CS/CSR(2), S/CS(1)]

Clematis viticella L. [3]; [(ft)]; [CS/CSR; C/CSR(1), 
CS(2), CS/CSR(2)]

Consolida ajacis (L.) Schur [1, 2]; [OG(R), SG(O), 
XF(R)]; [R/CSR; CR(1), R/CSR(3), S/CSR(1), SR/
CSR(1)]

Helleborus odorus subsp. cyclophyllus (A. Braun) Maire 
& Petitm. [1]; [PG(C), SG(R), MF(C), XF(C)]; [C/
CS; C/CS(4)]

Nigella damascena L. [1, 2, 3, 4]; [MG(R), OG(O), 
SG(F)]; [S/CSR; S/CSR(2), S/SR(2), SR/CSR(1)]

Ranunculus millefoliatus Vahl [1]; [MG(O), SG(O), 
MF(R)]; [R/CR; R/CR(2)]

Ranunculus neapolitanus Ten. [1, 2, 3, 4, 5]; [MG(C), 
OG(F), SG(F), MF(O), RF(C), XF(O)]; [CR/CSR; C/
CR(1), C/CSR(1), CR(1), CR/CSR(2), CSR(1)]

Ranunculus psilostachys Griseb. [3]; [OG(R)]; [C/CSR; 
C/CSR(1), CS/CSR(1)]

Rhamnaceae
Paliurus spina-christi Mill. [2, 5]; [MG(O), OG(O), 

SG(F), MF(R), XF(O)]; [S/SR; S/CSR(1), S/SR(3), 
SR(1)]

Rosaceae
Agrimonia eupatoria L. subsp. eupatoria [1, 2, 3, 5]; 

[MG(F), OG(O), PG(C), SG(O), MF(O), XF(R)]; 
[CS/CSR; C/CSR(1), CS/CSR(4)]

Aremonia agrimonoides (L.) DC. subsp. agrimonoides 
[1, 2, 4, 5]; [OG(R), SG(R), MF(C), XF(C)]; [CSR; 
CS/CSR(1), CSR(4)]

Crataegus monogyna Jacq. [1, 2, 3, 4, 5]; [MG(O), 
OG(O), PG(O), SG(O), MF(C), RF(C), XF(C)]; [S/
SR; S/CS(3), S/CSR(2)]

Filipendula vulgaris Moench [1, 5]; [SG(R), MF(O), 
XF(R)]; [S/CSR; S/CSR(1)]

Fragaria vesca L. [1, 4, 5]; [PG(C), MF(O), XF(R)]; [S/
CSR; S/CS(1), S/CSR(3)]

Geum urbanum L. [1, 2, 3, 4, 5]; [MG(R), OG(O), PG(C), 
SG(O), MF(F), RF(C), XF(F)]; [CSR; CR/CSR(1), 
CS/CSR(1), CSR(2)]

Malus domestica Borkh. [1, 3]; [MF(ft)]; [S/CSR; S/
CS(1), S/CSR(1)]

Malus sylvestris (L.) Mill. [1, 3, 4, 5]; [PG(C), MF(O), 
RF(C), XF(O)]; [S/CSR; S/CSR(1)]

Potentilla micrantha DC. [1, 2, 4, 5]; [SG(R), MF(F), 
XF(F)]; [CR/CSR; CR/CSR(3), R/CSR(1)]

Potentilla recta subsp. laciniosa (Nestl.) Nyman [1, 2, 3, 
4, 5]; [MG(O), OG(O), PG(O), SG(F), MF(R)]; [S/
CSR; S/CS(1), S/CSR(3), S/SR(1)]

Potentilla reptans L. [1, 2, 3, 5]; [MG(O), OG(O)]; [S/
CSR; S/CSR(5)]

Prunus avium (L.) L. [2, 3, 4, 5]; [MF(F), RF(O), XF(O)]; 
[C/CSR; C/CSR(3)]

Prunus cerasifera Ehrh. s.l. [3, 5]; [OG(R), MF(O)]; 
[SR/CSR; S/CSR(1), SR/CSR(1)]

Prunus mahaleb L. [1, 2, 3, 5]; [MG(R), OG(R), PG(O), 
SG(R), MF(O), XF(O)]; [S/CS; S/CS(5)]

Prunus spinosa L. s.l. [1, 2, 3, 4, 5]; [MG(F), OG(O), 
PG(C), SG(O), MF(C), RF(C), XF(F)]; [S/SR; S(1), 
S/CS(1), S/CSR(2), S/SR(1)]

Prunus webbii (Spach) Vierh. [1, 4]; [OG(R), SG(O)]; [S; 
S(2)]

Pyrus spinosa Forssk. [1, 2, 3, 4, 5]; [MG(C), OG(C), 
PG(O), SG(C), MF(O), XF(R)]; [S/CS; S/CS(4)]

Rosa agrestis Savi [1, 3, 5]; [OG(R), MF(R), XF(R)]; [S/
CSR; S/CS(1), S/CSR(3)]

Rosa arvensis Huds. [1, 2, 3, 4, 5]; [MG(R), SG(R), 
MF(C), XF(F)]; [S/CSR; S/CSR(4)]

Rosa canina L. [1, 2, 3, 4, 5]; [MG(O), OG(O), SG(O), 
MF(F), RF(C), XF(F)]; [S/CS; S/CS(2), S/CSR(3)]

Rubus canescens DC. [1, 2, 3, 4, 5]; [OG(R), PG(C), 
SG(R), MF(O), RF(O), XF(O)]; [CS/CSR; CS(1), 
CS/CSR(3)]

Rubus sanctus Schreb. [1, 2, 3, 4, 5]; [MG(O), OG(O), 
PG(O), SG(O), MF(O), RF(C), XF(O)]; [CS/CSR; 
CR/CSR(1), CS/CSR(5)]

Sanguisorba minor subsp. balearica (Nyman) Muños 
Garm. & C. Navarro [2, 3, 4, 5]; [MG(F), OG(C), 
PG(C), SG(C), MF(R), XF(R)]; [S/CSR; S/CSR(3)]

Sorbus domestica L. [1, 2, 3, 4]; [PG(C), MF(F), XF(O)]; 
[CS/CSR; CS(1), CS/CSR(3)]

Sorbus torminalis (L.) Crantz [1, 2, 3, 4]; [MF(O), 
XF(O)]; [CS/CSR; CS(1), CS/CSR(2), S/CSR(1)]

Rubiaceae
Crucianella angustifolia L. [1, 2, 3, 4]; [PG(O), SG(F), 

MF(R)]; [SR; R(1), S/SR(4)]
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Crucianella latifolia L. [2, 3, 4]; [SG(O), XF(R)]; [SR; 
S/SR(1), SR(1)]

Cruciata laevipes Opiz [1, 2, 3, 4, 5]; [MG(O), OG(O), 
PG(O), SG(O), MF(R), XF(R)]; [R/SR; R(2), R/
SR(2), SR(2)]

Galium aparine L. [1, 4, 5]; [MG(O), OG(O), SG(F), 
MF(O), RF(O), XF(O)]; [SR; SR(1)]

Galium debile Desv. [3, 5]; [MG(O)]; [R; R(6), R/SR(3), 
SR(1)]

Galium divaricatum Lam. [1, 4, 5]; [MG(O), OG(R), 
SG(O)]; [S; S(3)]

Galium intricatum Margot & Reut. [1, 2, 4, 5]; [MG(O), 
OG(O), SG(C)]; [S; S(5)]

Galium laconicum Boiss. & Heldr. [1, 2, 3, 4, 5]; [MF(O), 
XF(O)]; [SR; S/SR(2), SR(2)]

Galium verum L. subsp. verum [1, 2, 3, 5]; [MG(F), 
OG(O), SG(R)]; [SR; SR(2)]

Sherardia arvensis L. [1, 2, 3, 4, 5]; [MG(F), OG(C), 
SG(C)]; [SR; R(2), S(2)]

Theligonum cynocrambe L. [1, 2, 4]; [SG(O), XF(R)]; 
[R; R(4)]

Ruscaceae
Ruscus aculeatus L. [2]; [SG(O), MF(C), RF(C), XF(C)]; 

[S; S(3), S/CSR(1)]
Rutaceae
Haplophyllum coronatum Griseb. [2, 3, 4]; [SG(R)]; [S; 

S(4)]
Scrophulariaceae
Scrophularia canina subsp. bicolor (Sm.) Greuter [1, 2, 

5]; [SG(R), MF(ft)]; [S/CSR; S/CSR(3), S/SR(1)]
Verbascum banaticum Schrad. [1, 3]; [OG(R), MF(ft)]; 

[C/CS; C/CS(2), C/CSR(1)]
Verbascum glabratum subsp. bosnense (K. Malý) Murb. 

[1, 3]; [MF(R)]; [C/CR; C/CR(4), C/CS(1)]
Verbascum phoeniceum L. [1]; [MG(O), OG(O), MF(R)]; 

[C/CR; C(1), C/CR(2)]
Verbascum pulverulentum Vill. [2, 3, 4]; [OG(F), SG(O)]; 

[C/CS; C(2), C/CR(1), C/CS(2), CS(1)]
Verbascum samniticum Ten. [1]; [MG(R), OG(O), 

SG(R)]; [C/CS; C/CS(2), CS(1), CS/CSR(1)]
Tiliaceae
Tilia tomentosa Moench [3, 4]; [MF(O), XF(R)]; [CSR; 

CR/CSR(2), CSR(2)]
Ulmaceae
Celtis australis L. [3, 4, 5]; [MF(ft), RF(O), XF(R)]; [S/

CSR; S/CS(1), S/CSR(1), SR/CSR(1)]
Ulmus minor Mill. subsp. minor [2, 3, 5]; [MG(O), 

SG(R), MF(ft), XF(R)]; [S/CSR; CS(1), S/CS(1), S/
CSR(2)]

Ulmus procera Salisb. [2, 3, 4, 5]; [OG(O), MF(R), 
XF(R)]; [R/CSR; R/CSR(1)]

Urtica dioica L. subsp. dioica [3, 5]; [RF(C)]; [CR/CSR; 
C/CSR(1), CR/CSR(2), CSR(1)]

Valerianaceae
Valerianella coronata (L.) DC. [1, 2, 3, 4]; [SG(O)]; [R; 

R(2), R/CSR(1)]
Valerianella discoidea (L.) Loisel. [2]; [SG(ft)]; [R; R(1)]

Valerianella locusta (L.) Laterr. [3]; [OG(R), SG(ft)]; [R; 
R(1)]

Valerianella microcarpa Loisel. [1, 2, 4]; [OG(O), 
SG(O)]; [R; R(4)]

Veronicaceae
Digitalis lanata Ehrh. subsp. lanata [1, 3]; [OG(R), 

SG(R), XF(R)]; [CS/CSR; CS/CSR(2), S/CS(1), S/
CSR(1)]

Digitalis viridiflora Lindl. [5]; [MF(ft)]; [CR/CSR; 
CR(2), CR/CSR(2)]

Kickxia commutata subsp. graeca (Bory & Chaub.) R. 
Fern. [1, 2, 3, 4, 5]; [MG(O), OG(O), SG(O)]; [R/SR; 
R/SR(2), SR(1), SR/CSR(1)]

Linaria pelisseriana (L.) Mill. [1, 5]; [MG(R), OG(R), 
SG(R)]; [R; R(4)]

Veronica arvensis L. [1, 2, 3, 4, 5]; [MG(O), OG(C), 
PG(O), SG(O)]; [SR; R(2), S(1), S/SR(2)]

Veronica chamaedrys subsp. chamaedryoides (Bory & 
Chaub.) M. A. Fisch. [1, 2, 3, 4, 5]; [MG(O), PG(C), 
SG(O), MF(C), XF(C)]; [SR/CSR; SR(1), SR/
CSR(3)]

Veronica persica Poir. [1, 2, 3]; [OG(O)]; [R; R(2)]
Veronica triloba (Opiz) Opiz [3]; [MF(ft)]; [R; R(1)]
Violaceae
Viola odorata L. [1, 2, 3, 4, 5]; [SG(R), MF(O), XF(O)]; 

[CSR; CR/CSR(1), CSR(3), R/CSR(1)]
Vitaceae
Vitis vinifera subsp. sylvestris (C. C. Gmel.) Hegi [2, 5]; 

[RF(O), XF(R)]; [CR; CR(4)]

Discussion

In the present study, we presented the floristic catalogue 
of all the vascular plant taxa recorded during a botani-
cal survey aimed at investigating the effects of land use 
change and land abandonment on plant taxonomic and 
functional diversity, in the floristic region of Northern 
Pindus. Despite its small surface area, compared to the 
other floristic regions of mainland Greece, Northern Pin-
dus hosts a high number of plant taxa and a high number 
of Balkan endemic woody taxa (Xystrakis & al. 2019; 
Dimopoulos & al. 2022). During our samplings, we re-
corded a very small number of taxa that were not men-
tioned as present in the Northern Pindus floristic region. 
Therefore, our overall observations support the conclu-
sion that “The Flora of Greece Web” (Dimopoulos & al. 
2022) provides very accurate information about species 
distribution throughout the floristic regions of Greece, 
and can constitute a great tool for floristic and botanical 
studies.

In the present study we collected new functional data 
for 481 taxa occurring in the northwestern submontane 
region of the Pindus Mountains in Greece. These data 
were subsequently used for the calculation of the CSR 
plant strategy for each investigated taxon, by using the 
“Stratefy” method (Pierce & al. 2017). This method, al-
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though based on only three leaf traits, is considered as the 
best available approach for finding the life strategies of 
plants occurring across various habitats and geographic 
regions, since it is developed based on a very large set of 
plant taxa from multiple biomes (Pierce & al. 2017). This 
applicability in very distinct ecosystems also explains the 
general position of our habitat types along the S–R axis. 
Similarly with our results, Pierce & al. (2017) also found 
that plant taxa occurring in temperate grasslands as well 
as Mediterranean forests belonged to all life strategies 
but their median observed life strategies per biome were 
allocated along the S–R axis. Although the initial meth-
odology of Hodgson & al. (1999) for the estimation of 
CSR strategies has incorporated functional traits related 
with other plant characteristics and organs, such as cano-
py height, lateral spread and flowering phenology, it has 
been developed based on a significantly lower number of 
taxa and from a single biome, limiting its applicability in 
a variety of habitats.

The calculation of the CSR plant strategies for the 
investigated taxa led to a database containing the CSR 
strategies of the 481 taxa occurring in the study area, cor-
responding to the 75.99  % of the total number of taxa 
recorded in the study area, during the first year of vegeta-
tion sampling. To our knowledge, this is the first attempt 
for such a systematic collection of plant functional traits 
in Greece. Particularly, only few studies have previously 
conducted new measurements of functional trait data for 
plant material collected from Greece (Chaideftou & al. 
2009; Adamidis & al. 2014, 2021; Meletiou-Christou 
and Rhizopoulou 2016; Michelaki & al. 2019; Fyllas & 
al. 2020). In total, the above-mentioned studies included 
primary functional trait data for 63 plant taxa, namely 40 
woody and 23 herb taxa (34 of those being also recorded 
in the present study). These were selected as key species, 
appropriate for answering specific scientific questions 
concerning species adaptations to different substrates, 
habitats or environmental conditions. Therefore, it is 
becoming apparent that the present study is a signifi-
cant addition for the available functional trait data from 
Greece, by providing new functional data for 448 taxa. 
This number of taxa, with newly collected functional 
trait data, is not only significantly larger than the previ-
ously existing data from Greece, but is also a relatively 
high percentage of the total flora of Greece. Specifically, 
our dataset (481 taxa belonging to 479 species) provides 
measured functional trait data for 7.06 % of the 6811 taxa 
currently known to occur in Greece, with the percentage 
being even higher for the species level, corresponding 
to 8.08 % of the 5927 Greek species (Dimopoulos & al. 
2022).

Functional diversity has been recognized as a signifi-
cant tool for the study of biodiversity, complementary to 
the traditional taxonomic approach (de Bello & al. 2010; 
Aubin & al. 2013). It has become apparent that a system-
atic effort for functional trait data collection should be 
made, which will allow better understanding of patterns 

and processes related to community assembly (Cadotte & 
al. 2011; Mason & al. 2013) and ecosystem functioning 
(Petchey 2004; Flynn & al. 2011). Toward this direction, 
apart from the sampling of functional traits conducted 
within the context of the present study, the vegetation 
research team of the Laboratory of Systematic Botany 
and Phytogeography of the Aristotle University of Thes-
saloniki has made similar sampling efforts of collecting 
primary functional trait data in other ecosystems as well, 
such as in coastal habitats and urban areas. Although an 
undertaking for building a database of functional traits of 
the Greek flora seems particularly demanding, it should 
be considered that a small but significant percentage 
of the taxa occurring in Greece was collected during a 
single vegetation survey within a limited geographical 
range. Therefore, an attempt for creating a functional 
database of the Greek flora could be accomplished by 
organizing sampling of functional data along different 
habitats, floristic regions and altitudinal ranges. Never-
theless, the completion of such a national functional trait 
database would require a greater emphasis given initially 
on investigating different taxa rather than more individu-
als of the same taxon. Indeed, the collection of 5 indi-
viduals per taxon has allowed us to adequately capture 
the functional signature of each taxon, at least within our 
study area and at the same time obtain information about 
a high number of taxa.

The seven habitats investigated in the present study 
(meadows, old fields, semi-natural grasslands, pterido-
phyte stands, mesic forests, xerothermophytic forests 
and riparian forests) were found to differ in their func-
tional signature. On the one hand, grassland habitats 
(meadows, old fields, semi-natural grasslands and pteri-
dophyte stands), were observed to have life strategy pat-
terns mostly distributed along the S–R axis of the CSR 
triangle. On the other hand, forest habitats (mesic for-
ests, xerothermophytic forests and riparian forests) were 
mostly distributed along the S–C axis of the CSR trian-
gle. The habitats identified within the study area, at least 
partly, reflect different stages of succession, since they 
have been affected by the large-scale land use and cover 
changes that have taken place in the study area during 
the last decades (Kiziridis & al. 2022). Land use changes 
have been acknowledged as one the most important fac-
tor affecting biodiversity at multiple scales (Gillanders 
& al. 2008; Haines-Young 2009), by influencing habitat 
and vegetation composition in most European regions 
over the recent decades (Poschlod & al. 2005; Stoate 
& al. 2009). Land abandonment is usually followed by 
secondary succession, namely passive revegetation of 
the ex-arable land, which is expected to follow an ini-
tial establishment of annual and biannual species, subse-
quently replaced by perennial forbs, grasses and shrubs, 
and the final establishment of forest habitats after c. 20 
years (Cramer & al. 2008; Zakkak & al. 2018; Prach & 
al. 2014). Succession is linked to the diversity of CSR life 
strategies in plant communities, with the initially estab-
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lished ruderal colonizers being replaced by more compet-
itive or more stress-tolerant species, depending on the bi-
otic and abiotic conditions (Caccianiga & al. 2006). The 
formerly mentioned expected patterns were in agreement 
with our observations. On the one hand, the earlier stages 
of succession, represented by grassland communities 
subjected to higher levels of disturbances, were found to 
host ruderal species at higher frequencies than the other 
habitats. On the other hand, habitats of late succession 
stages, such as the mesic forests, were characterized by 
higher frequencies of taxa with competitive strategies.

After searching for data availability of life strategies 
of the 481 taxa for which we calculated tertiary CSR 
strategies in other sources in the literature, a significant 
level of data deficiency emerged. Particularly, only three 
databases of functional trait data were found to include 
original tertiary CSR strategies for a large number of taxa, 
with a degree of overlap among them: (1) the Electronic 
Comparative Plant Ecology (Hodgson & al. 1995); (2) 
the PLADIAS Database of the Czech flora and vegetation 
(Chytrý & al. 2021); and (3) the original paper of Pierce 
& al. (2017). From the 481 taxa for which we calculated 
tertiary CSR strategies, only 52 % of them were found 
in these databases, with higher percentages of taxa being 
found in the PLADIAS Database and the original paper 
of Pierce & al. (2017), and with some of the PLASIAS 
records being derived from Pierce & al. (2017), leading 
to a partial duplication of these two databases. Therefore, 
our database constitutes a significant contribution to the 
already available information of tertiary CSR strategies. 
It is becoming prevalent that, despite the existence of a 
notable number of functional trait databases, collection 
of functional trait data from remote and understudied are-
as at a regional scale remains crucial, since a great variety 
of ecosystems and local communities remain understud-
ied, but also because ecological niches of species are also 
known to vary across their distribution areas (Wasof & al. 
2013; Hedwall & al. 2019; Mariano & al. 2021).

Apart from the environmental variability, another 
issue that can lead to observation of intraspecific dif-
ferences of CSR strategies is the retrieval of trait data 
from several different functional trait databases, that will 
subsequently be used for the calculation of a final CSR 
strategy. Such data, deriving most of the times from vari-
ous literature sources, are possible to suffer from undesir-
able data properties, such as differences in sampling and 
measuring methodology, or mixing of information taken 
from a great number of populations established across 
different habitats, possibly spread over varying longi-
tudes and altitudes (Cordlandwehr & al. 2013). These 
characteristics can be undesirable when joining data for 
further analyses, due to plastic reactions of traits to dif-
ferences in environmental conditions and/or genotypic 
diversity across sites (Mokany & Ash 2008; Whitlock 
& al. 2010; Scheepens & al. 2010; Pierce & al. 2017). 
Furthermore, measurement of the plant traits needed for 
the calculation of life strategy according to the methodol-

ogy of Pierce & al. (2017) are characterized by a high in-
traspecific variability (Westerband & al. 2021). Accord-
ing to the latter authors, this variability in leaf dry matter 
content can become even larger than the respective vari-
ability between species. According to Henn & al. (2018), 
leaf area can be also found to be very plastic between 
species (e.g. presenting large differentiation in response 
to environmental changes). However, although the high 
interspecific variation for individual traits has been in-
vestigated and documented so far (see Westerband & al. 
2021 and references therein) the intraspecific variation of 
functional syndromes like life strategy has been rarely as-
sessed (May & al. 2017). The latter authors found a wide 
spread of life strategy of Arabidopsis thaliana individuals 
across the R–S axis of the triangle of plant life strategies. 
Although most of the individuals were found to have the 
SR strategy, three other strategies were also recorded, 
ranging from S/SC to R/CR. May & al. (2017) attributed 
that variation among life strategies of Arabidopsis thali
ana to the different temperature of the localities of the 
collected individuals, since they originated from three 
different continents. High intraspecific variability of CSR 
strategy along the R–S axis was also observed for indi-
viduals of Silene paradoxa growing on serpentine and 
non-serpentine substrate (Lazzaro & al. 2021). Baltieri & 
al. (2020) studied the life strategy differentiation among 
Himantoglossum adriaticum at a local scale (NE Italy) 
and found a high variation mainly along the C–S axis of 
the CSR triangle. Specifically, they found four strategies 
for the species, ranging from C to R/CR, and they at-
tributed this variation mainly to the differentiation of the 
habitats where the species grew (managed dry grasslands 
vs abandoned dry grasslands). Moreover, variability of 
life strategy along the C–R axis was also observed for 
the steno-endemic Primula albenensis, although it grows 
in only two sites (Giupponi & Giorgi 2019). Within our 
study, although a great percentage of taxa was found to 
belong to a single (25.73 % of taxa) or two adjacent strat-
egies (41.91 % of taxa), similar patterns of intraspecific 
variability were also observed, primarily along the R–S 
axis and secondarily along the R–C axis. Differentia-
tion along the C–S axis was less frequent in our dataset. 
Nevertheless, since our study was not focused on inves-
tigating intraspecific variability of life strategies, further 
research is needed in order to be able to make inferences 
about the drivers of these patterns of variability.

Overall, availability of trait data, and calculations of 
CSR strategies, at the individual or population level in the 
form of a regional functional database such the one we 
present here can be important for various applications. 
More specifically, it can provide high quality functional 
trait data, at least partly reflecting species adaptations to 
regional environmental and habitat variability. Despite its 
relatively small area, Greece is characterized by particu-
larly high taxonomic and functional plant diversity, and 
by the occurrence of a great number of rare and endemic 
taxa, mainly due to its rich topographic and climatic char-
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acteristics. Raising the availability of functional trait data 
for such rare and endemic taxa while also enriching the 
already available trait data for the more widespread taxa 
through local scale measurements can be particularly use-
ful for the estimation of the functional diversity in eco-
systems occurring in Greece. More specifically, building 
a database of functional trait information for as many 
species of the Greek flora as possible, would constitute a 
great tool for ecological research as well as biodiversity 
monitoring and conservation planning. As an initial step 
toward this aim, the final CSR functional database cre-
ated by the present study is available online as Supporting 
Information and provides the centroid and individual CSR 
strategies calculated for 481 taxa of the Greek flora.

Author contributions

IT coordinated the study; IT and AM taxonomically 
identified the specimens; AM, AE and MP conducted 
functional trait measurement and data preparation; AM 
prepared the first draft of the manuscript. All authors con-
tributed to the conceptualization of the study, the field 
survey, as well as the final revision and editing of the 
manuscript.

Acknowledgements

The present study was supported by the Hellenic Foun-
dation for Research and Innovation (H.F.R.I.) under the 
“1st Call for H.F.R.I. Research Projects to support Fac-
ulty Members & Researchers and the Procurement of 
High-cost Research Equipment Grant” (Project Number: 
2333). Two anonymous reviewers are thanked for their 
comments on an earlier version of this paper.

References

Adamidis G. C., Kazakou E., Fyllas N. M. & Dimitrako-
poulos P. G. 2014: Species adaptive strategies and leaf 
economic relationships across serpentine and non-
serpentine habitats on Lesbos, eastern Mediterrane-
an. – PLOS ONE 9(e96034). https://doi.org/10.1371
/journal.pone.0096034

Adamidis G. C., Varsamis G., Tsiripidis I., Dimitrako-
poulos P. G. & Papageorgiou A. C. 2021: Patterns of 
leaf morphological traits of beech (Fagus sylvatica 
L.) along an altitudinal gradient. – Forests 12(1297). 
https://doi.org/10.3390/f12101297

Albert C. H., Thuiller W., Yoccoz N. G., Douzet R., Au-
bert S. & Lavorel S. 2010: A multi-trait approach 
reveals the structure and the relative importance of 
intra- vs. interspecific variability in plant traits. – 
Funct. Ecol. 24: 1192–1201. https://doi.org/10.1111
/j.1365-2435.2010.01727.x

Aubin I., Venier L., Pearce J. & Moretti M. 2013: Can a 
trait-based multi-taxa approach improve our assess-
ment of forest management impact on biodiversity? 
– Biodivers. & Conservation 22: 2957–2975. https://
doi.org/10.1007/s10531-013-0565-6

Báez S., Cayuela L., Macía M. J., Álvarez-Dávila 
E., Apaza-Quevedo A., Arnelas I., Baca-Cortes 
N., Bañares de Dios G., Bauters M. & al. 2022a: 
FunAndes – a functional trait database of Andean 
plants. – Sci. Data 9(511). https://doi.org/10.1038
/s41597-022-01626-6

Báez S., Fadrique B., Feeley K. & Homeier J. 2022b: 
Changes in tree functional composition across topo-
graphic gradients and through time in a tropical mon-
tane forest. – PLOS ONE 17(e0263508). https://doi
.org/10.1371/journal.pone.0263508

Baltieri M., Fantinato E., Vecchio S. D. & Buffa G. 2020: 
Intraspecific variability of leaf traits and functional 
strategy of Himantoglossum adriaticum H. Baumann. 
– Pl. Sociol. 57: 105–112. https://doi.org/10.3897
/pls2020572/03

Behroozian M., Ejtehadi H., Memariani F., Pierce S. & 
Mesdaghi M. 2020: Are endemic species necessar-
ily ecological specialists? Functional variability and 
niche differentiation of two threatened Dianthus spe-
cies in the montane steppes of northeastern Iran. – 
Sci. Rep. 10(11774). https://doi.org/10.1038/s41598
-020-68618-7

Bello F. de, Carmona C. P., Dias A. T. C., Götzenberger 
L., Moretti M. & Berg M. P. 2021: Handbook of trait-
based ecology: from theory to R tools. – Cambridge: 
Cambridge University Press.

Bello F. de, Lavorel S., Gerhold P., Reier Ü. & Pärtel M. 
2010: A biodiversity monitoring framework for practi-
cal conservation of grasslands and shrublands. – Biol. 
Conservation 143: 9–17. https://doi.org/10.1016/j
.biocon.2009.04.022

Bohn U., Gollub G., Hettwer C., Neuhäuslova Z., Raus 
T., Schlüter H. & Weber H. 2004: Karte der natürli-
chen Vegetation Europas/Map of the natural vegeta-
tion of Europe. Maßstab/Scale 1: 2.500.000. – Müns-
ter: Landwirtschaftsverlag.

Bohn U., Neuhäusl R., unter Mitarbeit von Gollub G., 
Hettwer C., Neuhäuslová Z., Schlüter H., Weber H. 
2000/2003: Karte der natürlichen Vegetation Europas 
/ Map of the natural vegetation of Europe, Maßstab/
Scale 1:2.500.000, Teil 1/Part 1: Erläuterungstext/
Explanatory text, 655 S./pp., Teil 2/Part 2: Legende/
Legend, 153 S./pp., Teil 3/Part 3: Karten/Maps. – 
Münster: Landwirtschaftsverlag.

Bricca A., Tardella F. M., Ferrara A., Panichella T. & 
Catorci A. 2021: Exploring assembly trajectories of 
abandoned grasslands in response to 10 years of mow-
ing in sub-mediterranean context. – Land 10(1158). 
https://doi.org/10.3390/land10111158

Brodie J. F., Redford K. H. & Doak D. F. 2018: Eco-
logical function analysis: incorporating species roles 

Downloaded From: https://bioone.org/journals/Willdenowia on 21 Apr 2025
Terms of Use: https://bioone.org/terms-of-use

https://doi.org/10.1371/journal.pone.0096034
https://doi.org/10.1371/journal.pone.0096034
https://doi.org/10.3390/f12101297
https://doi.org/10.1111/j.1365-2435.2010.01727.x
https://doi.org/10.1111/j.1365-2435.2010.01727.x
https://doi.org/10.1007/s10531-013-0565-6
https://doi.org/10.1007/s10531-013-0565-6
https://doi.org/10.1038/s41597-022-01626-6
https://doi.org/10.1038/s41597-022-01626-6
https://doi.org/10.1371/journal.pone.0263508
https://doi.org/10.1371/journal.pone.0263508
https://doi.org/10.3897/pls2020572/03
https://doi.org/10.3897/pls2020572/03
https://doi.org/10.1038/s41598-020-68618-7
https://doi.org/10.1038/s41598-020-68618-7
https://doi.org/10.1016/j.biocon.2009.04.022
https://doi.org/10.1016/j.biocon.2009.04.022
https://doi.org/10.3390/land10111158


291Willdenowia 53 – 2024

into conservation. – Trends Ecol. Evol. 33: 840–850. 
https://doi.org/10.1016/j.tree.2018.08.013

Caccianiga M., Luzzaro A., Pierce S., Ceriani R. M. & 
Cerabolini B. 2006: The functional basis of a pri-
mary succession resolved by CSR classification. 
– Oikos 112: 10–20. https://doi.org/10.1111/j.0030
-1299.2006.14107.x

Cadotte M. W., Carscadden K. & Mirotchnick N. 2011: 
Beyond species: functional diversity and the mainte-
nance of ecological processes and services. – J. Appl. 
Ecol. 48: 1079–1087. https://doi.org/10.1111/j.1365
-2664.2011.02048.x

Calow P. 1987: Towards a definition of functional 
ecology. – Funct. Ecol. 1: 57–61. https://doi.org
/10.2307/2389358

Cavender-Bares J., Kitajima K. & Bazzaz F. A. 2004: 
Multiple trait associations in relation to habitat dif-
ferentiation among 17 floridian oak species. – Ecol. 
Monogr. 74: 635–662. https://doi.org/10.1890/03
-4007

Cerabolini B. E. L., Pierce S., Verginella A., Brusa G., 
Ceriani R. M. & Armiraglio S. 2016: Why are many 
anthropogenic agroecosystems particularly species-
rich? – Pl. Biosyst. 150: 550–557. https://doi.org
/10.1080/11263504.2014.987848

Chaideftou E., Thanos C. & Dimopoulos P. 2009: Plant 
functional traits in relation to seedling recruitment 
and light conditions in sub-Mediterranean oak for-
ests of Greece. – Proceedings of IV Balkan Botanical 
Congress, Sofia, 20–26 June 2006. – Sofia: Institute 
of Botany.

Chytrý M., Danihelka J., Kaplan Z., Wild J., Holubová D., 
Novotný P., Řezníčková M., Rohn M., Dřevojan P. & 
al. 2021: Pladias database of the Czech flora and veg-
etation. – Preslia 93: 1–87. https://doi.org/10.23855
/preslia.2021.001

Cordlandwehr V., Meredith R. L., Ozinga W. A., Bekker 
R. M., van Groenendael J. M. & Bakker J. P. 2013: 
Do plant traits retrieved from a database accurately 
predict on-site measurements? – J. Ecol. 101: 662–
670. https://doi.org/10.1111/1365-2745.12091

Cornelissen J. H. C., Lavorel S., Garnier E., Diaz S., 
Buchman N., Gurvich D. E., Reich P. B., ter Steege 
H., Morgan H. D., van der Heijden M. G. A., Pausas 
J. G. & Poorter H. 2003: A handbook of protocols for 
standardised and easy measurement of plant function-
al traits worldwide. – Austral. J. Bot. 51: 335–380. 
https://doi.org/10.1071/BT02124

Cramer V. A., Hobbs R. J. & Standish R. J. 2008: What’s 
new about old fields? Land abandonment and eco-
system assembly. – Trends Ecol. Evol. 23: 104–112. 
https://doi.org/10.1016/j.tree.2007.10.005

Cummins K. W. 1974: Structure and function of stream 
ecosystems. – BioScience 24: 631–641. https://doi
.org/10.2307/1296676

Díaz S. & Cabido M. 2001: Vive la différence: plant 
functional diversity matters to ecosystem processes. 

– Trends Ecol. Evol. 16: 646–655. https://doi.org
/10.1016/S0169-5347(01)02283-2

Dimopoulos P., Raus T., Bergmeier E., Constantinidis 
T., Iatrou G., Kokkini S., Strid A. & Tzanoudakis 
D. 2013: Vascular plants of Greece: an annotated 
checklist. – Englera 31. – Berlin: Botanic Garden 
and Botanical Museum Berlin-Dahlem; Athens: Hel-
lenic Botanical Society. https://www.jstor.org/stable 
/i24365374

Dimopoulos P., Raus T., Bergmeier E., Constantinidis 
T., Iatrou G., Kokkini S., Strid A. & Tzanoudakis D. 
2016: Vascular plants of Greece: an annotated check-
list. Supplement. – Willdenowia 46: 301–348. https://
doi.org/10.3372/wi.46.46303

Dimopoulos P., Raus T. & Strid A. (ed.) 2022: Flora of 
Greece web. Vascular plants of Greece. An annotat-
ed checklist. Version IV (July 2022). – Published at 
https://portal.cybertaxonomy.org/flora-greece/ [ac-
cessed dd Mmm yyyy].

Dudley A., Butt N., Auld T. D. & Gallagher R. V. 2019: 
Using traits to assess threatened plant species re-
sponse to climate change. – Biodivers. & Conserva-
tion 28: 1905–1919. https://doi.org/10.1007/s10531-
019-01769-w

Elton C. 1927: Animal ecology. – New York: The Macmil-
lan Company. https://doi.org/10.5962/bhl.title.7435

Fitter A. H. & Peat H. J. 1994: The ecological flora 
database. – J. Ecol. 82: 415–425. https://doi.org
/10.2307/2261309

Flynn D. F. B., Mirotchnick N., Jain M., Palmer M. I. & 
Naeem S. 2011: Functional and phylogenetic diver-
sity as predictors of biodiversity–ecosystem-function 
relationships. – Ecology 92: 1573–1581. https://doi
.org/10.1890/10-1245.1

Foden W. B., Butchart S. H. M., Stuart S. N., Vié J. C., 
Akçakaya H. R., Angulo A., DeVantier L. M., Gut-
sche A., Turak E. & al. 2013: Identifying the world’s 
most climate change vulnerable species: a system-
atic trait-based assessment of all birds, amphibians 
and corals. – PLOS ONE 8(e65427). https://doi.org
/10.1371/journal.pone.0065427

Fyllas N. M., Michelaki C., Galanidis A., Evangelou E., 
Zaragoza-Castells J., Dimitrakopoulos P. G., Tsadilas 
C., Arianoutsou M. & Lloyd J. 2020: Functional trait 
variation among and within species and plant func-
tional types in mountainous Mediterranean forests. 
– Frontiers Pl. Sci. 11(212). https://doi.org/10.3389
/fpls.2020.00212

Gachet S., Véla E. & Tatoni T. 2005: BASECO: a floris-
tic and ecological database of Mediterranean French 
flora. – Biodivers. & Conservation 14: 1023–1034. 
https://doi.org/10.1007/s10531-004-8411-5

Gallagher R. V., Butt N., Carthey A. J. R., Tulloch A., 
Bland L., Clulow S., Newsome T., Dudaniec R. Y. & 
Adams V. M. 2021: A guide to using species trait data 
in conservation. – One Earth 4: 927–936. https://doi
.org/10.1016/j.oneear.2021.06.013

Downloaded From: https://bioone.org/journals/Willdenowia on 21 Apr 2025
Terms of Use: https://bioone.org/terms-of-use

https://doi.org/10.1016/j.tree.2018.08.013
https://doi.org/10.1111/j.0030-1299.2006.14107.x
https://doi.org/10.1111/j.0030-1299.2006.14107.x
https://doi.org/10.1111/j.1365-2664.2011.02048.x
https://doi.org/10.1111/j.1365-2664.2011.02048.x
https://doi.org/10.2307/2389358
https://doi.org/10.2307/2389358
https://doi.org/10.1890/03-4007
https://doi.org/10.1890/03-4007
https://doi.org/10.1080/11263504.2014.987848
https://doi.org/10.1080/11263504.2014.987848
https://doi.org/10.23855/preslia.2021.001
https://doi.org/10.23855/preslia.2021.001
https://doi.org/10.1111/1365-2745.12091
https://doi.org/10.1071/BT02124
https://doi.org/10.1016/j.tree.2007.10.005
https://doi.org/10.2307/1296676
https://doi.org/10.2307/1296676
https://doi.org/10.1016/S0169-5347(01)02283-2
https://doi.org/10.1016/S0169-5347(01)02283-2
https://www.jstor.org/stable/i24365374
https://www.jstor.org/stable/i24365374
https://doi.org/10.3372/wi.46.46303
https://doi.org/10.3372/wi.46.46303
https://portal.cybertaxonomy.org/flora-greece/
https://doi.org/10.1007/s10531-019-01769-w
https://doi.org/10.1007/s10531-019-01769-w
https://doi.org/10.5962/bhl.title.7435
https://doi.org/10.2307/2261309
https://doi.org/10.2307/2261309
https://doi.org/10.1890/10-1245.1
https://doi.org/10.1890/10-1245.1
https://doi.org/10.1371/journal.pone.0065427
https://doi.org/10.1371/journal.pone.0065427
https://doi.org/10.3389/fpls.2020.00212
https://doi.org/10.3389/fpls.2020.00212
https://doi.org/10.1007/s10531-004-8411-5
https://doi.org/10.1016/j.oneear.2021.06.013
https://doi.org/10.1016/j.oneear.2021.06.013


292 Mastrogianni & al.: Contribution to the functional flora of Greece

Gillanders S. N., Coops N. C., Wulder M. A., Gergel S. 
E. & Nelson T. 2008: Multitemporal remote sensing 
of landscape dynamics and pattern change: describ-
ing natural and anthropogenic trends. – Progr. Phys. 
Geogr. Earth Environm. 32: 503–528. https://doi.org
/10.1177/0309133308098363

Giupponi L. & Giorgi A. 2019: Effectiveness of modern 
leaf analysis tools for the morpho-ecological study of 
plants: the case of Primula albenensis. – Nordic J. 
Bot. 37(e02386). https://doi.org/10.1111/njb.02386

Grime J. P. 1974: Vegetation classification by reference 
to strategies. – Nature 250: 26–31. https://doi.org
/10.1038/250026a0

Grime J. P. 1977: Evidence for the existence of three pri-
mary strategies in plants and its relevance to ecologi-
cal and evolutionary theory. – Amer. Naturalist 111: 
1169–1194. https://doi.org/10.1086/283244

Grime J. 2001: Plant strategies, vegetation processes, and 
ecosystem properties, ed. 2. – New York: John Wiley 
& Sons.

Guerra J. G., Cabello F., Fernández-Quintanilla C. & 
Dorado J. 2021: A trait-based approach in a Mediter-
ranean vineyard: effects of agricultural management 
on the functional structure of plant communities. – 
Agric. Ecosyst. Environ. 316(107465). https://doi.org
/10.1016/j.agee.2021.107465

Haines-Young R. 2009: Land use and biodiversity rela-
tionships. – Land Use Policy 26: S178–S186. https://
doi.org/10.1016/j.landusepol.2009.08.009

Hedwall P. O., Brunet J. & Diekmann M. 2019: With El-
lenberg indicator values towards the north: does the 
indicative power decrease with distance from Central 
Europe? – J. Biogeogr. 46: 1041–1053. https://doi.org
/10.1111/jbi.13565

Hendry G. A. & Grime J. P. 1993: Methods in compara-
tive plant ecology: a laboratory manual. – Dordrecht: 
Springer. https://doi.org/10.1007/978-94-011-1494-3

Henn J. J., Buzzard V., Enquist B. J., Halbritter A. H., 
Klanderud K., Maitner B. S., Michaletz S. T., Pötsch 
C., Seltzer L., Telford R. J., Yang Y., Zhang L. & 
Vandvik V. 2018: Intraspecific trait variation and 
phenotypic plasticity mediate alpine plant species 
response to climate change. – Frontiers Pl. Sci. 9. 
https://doi.org/10.3389/fpls.2018.01548

Hintze C., Heydel F., Hoppe C., Cunze S., König A. & 
Tackenberg O. 2013: D3: The dispersal and diaspore 
database – baseline data and statistics on seed dis-
persal. – Perspect. Pl. Ecol. Evol. Syst. 15: 180–192. 
https://doi.org/10.1016/j.ppees.2013.02.001

Hodgson J. G., Grime J. P., Hunt R. & Thompson K. 1995: 
The electronic comparative plant ecology. – London: 
Chapman & Hall. https://doi.org/10.1007/978-94 
-011-0559-0

Hodgson J. G., Wilson P. J., Hunt R., Grime J. P. & 
Thompson K. 1999: Allocating C-S-R plant function-
al types: a soft approach to a hard problem. – Oikos 
85: 282–294. https://doi.org/10.2307/3546494

Janson C. H. 1983: Adaptation of fruit morphology 
to dispersal agents in a neotropical forest. – Sci-
ence 219: 187–189. https://doi.org/10.1126/science
.219.4581.187

Kattge J., Bönisch G., Díaz S., Lavorel S., Prentice I. 
C., Leadley P., Tautenhahn S., Werner G. D. A., 
Aakala T. & al. 2020: The TRY plant trait database 
– enhanced coverage and open access. – Global 
Change Biol. 26: 119–188. https://doi.org/10.5194
/egusphere-egu2020-20191

Kiziridis D. A., Mastrogianni A., Pleniou M., Karadi-
mou E., Tsiftsis S., Xystrakis F. & Tsiripidis I. 2022: 
Acceleration and relocation of abandonment in a 
Mediterranean mountainous landscape: drivers, con-
sequences, and management implications. – Land 
11(406). https://doi.org/10.3390/land11030406

Kleyer M., Bekker R. M., Knevel I. C., Bakker J. P., 
Thompson K., Sonnenschein M., Poschlod P., Van 
Groenendael J. M., Klimeš L. & al. 2008: The LEDA 
Traitbase: a database of life-history traits of the 
northwest European flora. – J. Ecol. 96: 1266–1274. 
https://doi.org/10.1111/j.1365-2745.2008.01430.x

Klotz S., Kühn I. & Durka W. 2002: BIOLFLOR – Eine 
Datenbank mit biologisch-ökologischen Merkmalen 
zur Flora von Deutschland. – Schriftenreihe Vegeta-
tionsk. 38: 1–334.

Laughlin D. C. 2014: The intrinsic dimensionality of 
plant traits and its relevance to community assembly. 
– J. Ecol. 102: 186–193. https://doi.org/10.1111/1365
-2745.12187

Lavorel S., Grigulis K., McIntyre S., Williams N. S. 
G., Garden D., Dorrough J., Berman S., Quétier F., 
Thébault A. & Bonis A. 2008: Assessing functional 
diversity in the field – methodology matters! – Funct. 
Ecol. 22: 134–147. https://doi.org/10.1111/j.1365
-2435.2007.01339.x

Lazzaro L., Colzi I., Ciampi D., Gonnelli C., Lastrucci 
L., Bazihizina N., Viciani D. & Coppi A. 2021: In-
traspecific trait variability and genetic diversity in the 
adaptive strategies of serpentine and non-serpentine 
populations of Silene paradoxa L. – Pl. & Soil 460: 
105–121. https://doi.org/10.1007/s11104-020-04780-1

Legras G., Loiseau N. & Gaertner J. C. 2018: Func-
tional richness: overview of indices and underlying 
concepts. – Acta Oecol. 87: 34–44. https://doi.org
/10.1016/j.actao.2018.02.007

Lepš J., Osbornová-Kosinová J. & Rejmánek M. 1982: 
Community stability, complexity and species life his-
tory strategies. – Vegetatio 50: 53–63. https://doi.org
/10.1007/BF00120678

Li Y. & Shipley B. 2017: An experimental test of CSR 
theory using a globally calibrated ordination method. 
– PLOS ONE 12(e0175404). https://doi.org/10.1371
/journal.pone.0175404

Liarikas K., Maragkou P. & Papayiannis T. 2012: Greece 
then and now: temporal mapping of land use, 1987–
2007. – Athens: WWF Hellas.

Downloaded From: https://bioone.org/journals/Willdenowia on 21 Apr 2025
Terms of Use: https://bioone.org/terms-of-use

https://doi.org/10.1177/0309133308098363
https://doi.org/10.1177/0309133308098363
https://doi.org/10.1111/njb.02386
https://doi.org/10.1038/250026a0
https://doi.org/10.1038/250026a0
https://doi.org/10.1086/283244
https://doi.org/10.1016/j.agee.2021.107465
https://doi.org/10.1016/j.agee.2021.107465
https://doi.org/10.1016/j.landusepol.2009.08.009
https://doi.org/10.1016/j.landusepol.2009.08.009
https://doi.org/10.1111/jbi.13565
https://doi.org/10.1111/jbi.13565
https://doi.org/10.1007/978-94-011-1494-3
https://doi.org/10.3389/fpls.2018.01548
https://doi.org/10.1016/j.ppees.2013.02.001
https://doi.org/10.1007/978-94-011-0559-0
https://doi.org/10.1007/978-94-011-0559-0
https://doi.org/10.2307/3546494
https://doi.org/10.1126/science.219.4581.187
https://doi.org/10.1126/science.219.4581.187
https://doi.org/10.5194/egusphere-egu2020-20191
https://doi.org/10.5194/egusphere-egu2020-20191
https://doi.org/10.3390/land11030406
https://doi.org/10.1111/j.1365-2745.2008.01430.x
https://doi.org/10.1111/1365-2745.12187
https://doi.org/10.1111/1365-2745.12187
https://doi.org/10.1111/j.1365-2435.2007.01339.x
https://doi.org/10.1111/j.1365-2435.2007.01339.x
https://doi.org/10.1007/s11104-020-04780-1
https://doi.org/10.1016/j.actao.2018.02.007
https://doi.org/10.1016/j.actao.2018.02.007
https://doi.org/10.1007/BF00120678
https://doi.org/10.1007/BF00120678
https://doi.org/10.1371/journal.pone.0175404
https://doi.org/10.1371/journal.pone.0175404


293Willdenowia 53 – 2024

Lichstein J. W., Dushoff J., Levin S. A. & Pacala S. W. 
2007: Intraspecific variation and species coexistence. 
– Amer. Naturalist 170: 807–818. https://doi.org
/10.1086/522937

Liu U., Cossu T. A. & Dickie J. 2019: Royal Botanic 
Gardens, Kew’s seed information database (SID): a 
compilation of taxon-based biological seed charac-
teristics or traits. – Biodivers. Inform. Sci. Standards 
3(e37030). https://doi.org/10.3897/biss.3.37030

Maitner B. S., Boyle B., Casler N., Condit R., Donoghue 
J. II, Durán S. M., Guaderrama D., Hinchliff C. E., 
Jørgensen P. M. & al. 2018: The bien r package: a 
tool to access the Botanical Information and Ecology 
Network (BIEN) database. – Methods Ecol. Evol. 9: 
373–379. https://doi.org/10.1111/2041-210X.12861

Mammola S., Carmona C. P., Guillerme T. & Cardoso 
P. 2021: Concepts and applications in functional di-
versity. – Funct. Ecol. 35: 1869–1885. https://doi.org
/10.1111/1365-2435.13882

Mariano E., Gomes T. F., Lins S. R. M., Abdalla-Filho A. 
L., Soltangheisi A., Araújo M. G. S., Almeida R. F., 
Augusto F. G., Canisares L. P. & al. 2021: LT-Brazil: 
a database of leaf traits across biomes and vegetation 
types in Brazil. – Global Ecol. Biogeogr. 30: 2136–
2146. https://doi.org/10.1111/geb.13381

Mason N. W. H., De Bello F., Mouillot D., Pavoine S. & 
Dray S. 2013: A guide for using functional diversity 
indices to reveal changes in assembly processes along 
ecological gradients. – J. Veg. Sci. 24: 794–806. 
https://doi.org/10.1111/jvs.12013

McGill B. J., Enquist B. J., Weiher E. & Westoby M. 
2006: Rebuilding community ecology from function-
al traits. – Trends Ecol. Evol. 21: 178–185. https://
doi.org/10.1016/j.tree.2006.02.002

Meletiou-Christou M. S. & Rhizopoulou S. 2016: Leaf 
functional traits of four evergreen species growing 
in Mediterranean environmental conditions. – Acta 
Physiol. Pl. 39(34). https://doi.org/10.1007/s11738
-016-2330-4

Michelaki C., Fyllas N. M., Galanidis A., Aloupi M., 
Evangelou E., Arianoutsou M. & Dimitrakopoulos 
P. G. 2019: An integrated phenotypic trait-network 
in thermo-Mediterranean vegetation describing al-
ternative, coexisting resource-use strategies. – Sci. 
Total Environ. 672: 583–592. https://doi.org/10.1016
/j.scitotenv.2019.04.030

Mokany K. & Ash J. 2008: Are traits measured on pot 
grown plants representative of those in natural com-
munities? – J. Veg. Sci. 19: 119–126. https://doi.org
/10.3170/2007-8-18340

Moles A. T., Ackerly D. D., Webb C. O., Tweddle J. C., 
Dickie J. B., Pitman A. J. & Westoby M. 2005: Fac-
tors that shape seed mass evolution. – Proc. Natl. 
Acad. Sci. U.S.A. 102: 10540–10544. https://doi.org
/10.1073/pnas.0501473102

Nakos G. 1991: Classification, mapping and evaluation 
of soils [in Greek]. – Athens: Institute of Mediterra-

nean Forest Ecosystems and Forest Products Technol-
ogy, Ministry of Agriculture.

Ogburn R. M. & Edwards E. J. 2009: Anatomical varia-
tion in Cactaceae and relatives: trait lability and evo-
lutionary innovation. – Amer. J. Bot. 96: 391–408. 
https://doi.org/10.3732/ajb.0800142

Peel M. C., Finlayson B. L. & McMahon T. A. 2007: 
Updated world map of the Köppen-Geiger climate 
classification. – Hydrol. Earth Syst. Sci. 11: 1633–
1644. https://doi.org/10.5194/hess-11-1633-2007

Pérez-Harguindeguy N., Díaz S., Garnier E., Lavorel S., 
Poorter H., Jaureguiberry P., Bret-Harte M. S., Corn-
well W. K., Craine J. M. & al. 2013: New handbook 
for standardised measurement of plant functional 
traits worldwide. – Austral. J. Bot. 61: 167–234. 
https://doi.org/10.1071/BT12225

Petchey O. L. 2004: On the statistical significance of func-
tional diversity effects. – Funct. Ecol. 18: 297–303. 
https://doi.org/10.1111/j.0269-8463.2004.00852.x

Pierce S., Brusa G., Vagge I. & Cerabolini B. E. L. 2013: 
Allocating CSR plant functional types: the use of 
leaf economics and size traits to classify woody and 
herbaceous vascular plants. – Funct. Ecol. 27: 1002–
1010. https://doi.org/10.1111/1365-2435.12095

Pierce S., Negreiros D., Cerabolini B. E. L., Kattge J., 
Díaz S., Kleyer M., Shipley B., Wright S. J., Soudzi
lovskaia N. A. & al. 2017: A global method for calcu-
lating plant CSR ecological strategies applied across 
biomes world-wide. – Funct. Ecol. 31: 444–457. 
https://doi.org/10.1111/1365-2435.12722

Poschlod P., Bakker J. P. & Kahmen S. 2005: Chang-
ing land use and its impact on biodiversity. – Basic 
Appl. Ecol. 6: 93–98. https://doi.org/10.1016/j.baae
.2004.12.001

Poschlod P., Kleyer M., Jackel A. K., Dannemann A. & 
Tackenberg O. 2003: BIOPOP — a database of plant 
traits and internet application for nature conservation. 
– Folia Geobot. 38: 263–271. https://doi.org/10.1007
/BF02803198

Prach K., Řehounková K., Lencová K., Jírová A., Kon-
valinková P., Mudrák O., Študent V., Vaněček Z., 
Tichý L. & al. 2014. Vegetation succession in restora-
tion of disturbed sites in Central Europe: the direction 
of succession and species richness across 19 seres. – 
Appl. Veg. Sci. 17: 193–200. https://doi.org/10.1111
/avsc.12064

Raunkiær C. 1934: The life forms of plants and statistical 
plant geography.. – Oxford: The Clarendon Press.

Rosenfield M. F., Müller S. C. & Overbeck G. E. 2019: 
Short gradient, but distinct plant strategies: the CSR 
scheme applied to subtropical forests. – J. Veg. Sci. 
30: 984–993. https://doi.org/10.1111/jvs.12787

Royer D. L., Sack L., Wilf P., Lusk C. H., Jordan G. J., 
Niinemets Ü., Wright I. J., Westoby M., Cariglino B. 
& al. 2007: Fossil leaf economics quantified: calibra-
tion, Eocene case study, and implications. – Paleobi-
ology 33: 574–589. https://doi.org/10.1666/07001.1

Downloaded From: https://bioone.org/journals/Willdenowia on 21 Apr 2025
Terms of Use: https://bioone.org/terms-of-use

https://doi.org/10.1086/522937
https://doi.org/10.1086/522937
https://doi.org/10.3897/biss.3.37030
https://doi.org/10.1111/2041-210X.12861
https://doi.org/10.1111/1365-2435.13882
https://doi.org/10.1111/1365-2435.13882
https://doi.org/10.1111/geb.13381
https://doi.org/10.1111/jvs.12013
https://doi.org/10.1016/j.tree.2006.02.002
https://doi.org/10.1016/j.tree.2006.02.002
https://doi.org/10.1007/s11738-016-2330-4
https://doi.org/10.1007/s11738-016-2330-4
https://doi.org/10.1016/j.scitotenv.2019.04.030
https://doi.org/10.1016/j.scitotenv.2019.04.030
https://doi.org/10.3170/2007-8-18340
https://doi.org/10.3170/2007-8-18340
https://doi.org/10.1073/pnas.0501473102
https://doi.org/10.1073/pnas.0501473102
https://doi.org/10.3732/ajb.0800142
https://doi.org/10.5194/hess-11-1633-2007
https://doi.org/10.1071/BT12225
https://doi.org/10.1111/j.0269-8463.2004.00852.x
https://doi.org/10.1111/1365-2435.12095
https://doi.org/10.1111/1365-2435.12722
https://doi.org/10.1016/j.baae.2004.12.001
https://doi.org/10.1016/j.baae.2004.12.001
https://doi.org/10.1007/BF02803198
https://doi.org/10.1007/BF02803198
https://doi.org/10.1111/avsc.12064
https://doi.org/10.1111/avsc.12064
https://doi.org/10.1111/jvs.12787
https://doi.org/10.1666/07001.1


294 Mastrogianni & al.: Contribution to the functional flora of Greece

Scheepens J. F., Frei E. S. & Stöcklin J. 2010: Genotypic 
and environmental variation in specific leaf area in a 
widespread Alpine plant after transplantation to dif-
ferent altitudes. – Oecologia 164: 141–150. https://
doi.org/10.1007/s00442-010-1650-0

Šímová I., Violle C., Kraft N. J. B., Storch D., Svenning 
J. C., Boyle B., Donoghue J. C., Jørgensen P., McGill 
B. J. & al. 2015: Shifts in trait means and variances 
in North American tree assemblages: species richness 
patterns are loosely related to the functional space. 
– Ecography 38: 649–658. https://doi.org/10.1111
/ecog.00867

Stoate C., Báldi A., Beja P., Boatman N. D., Herzon I., 
van Doorn A., de Snoo G. R., Rakosy L. & Ramwell 
C. 2009: Ecological impacts of early 21st century 
agricultural change in Europe – a review. – J. Envi-
ronm. Managem. 91: 22–46. https://doi.org/10.1016
/j.jenvman.2009.07.005

Strid A. (ed.) 1986: Mountain flora of Greece 1. – Cam-
bridge: Cambridge University Press.

Strid A. 2016: Atlas of the Aegean flora 1. Text & plates. 
2. Maps. – Englera 33(1, 2). – Berlin: Botanic Gar-
den and Botanical Museum Berlin. https://www.jstor 
.org/stable/i40215597 https://www.jstor.org/stable 
/i40216011

Strid A. & Tan K. (ed.) 1991: Mountain flora of Greece 
2. – Edinburgh: Edinburgh University Press.

Strid A. & Tan K. (ed.) 1997: Flora hellenica I. – König-
stein: Koeltz Scientific Books.

Strid A. & Tan K. (ed.) 2002: Flora hellenica II. – Rug-
gell: A. R. G. Gantner.

Suding K. N., Lavorel S., Chapin III F. S., Cornelissen J. 
H. C., Díaz S., Garnier E., Goldberg D., Hooper D. 
U., Jackson S. T. & Navas M. L. 2008: Scaling en-
vironmental change through the community-level: a 
trait-based response-and-effect framework for plants. 
– Global Change Biol. 14: 1125–1140. https://doi.org
/10.1111/j.1365-2486.2008.01557.x

Swenson N. G. & Weiser M. D. 2010: Plant geography 
upon the basis of functional traits: an example from 
eastern North American trees. – Ecology 91: 2234–
2241. https://doi.org/10.1890/09-1743.1

Tavşanoğlu Ç. & Pausas J. G. H. 2018: A functional 
trait database for Mediterranean Basin plants. – Sci. 
Data 10: 180135–180135. https://doi.org/10.1038
/sdata.2018.135

Tilman D., Knops J., Wedin D., Reich P., Ritchie M. & 
Siemann E. 1997: The influence of functional di-
versity and composition on ecosystem processes. 
– Science 277: 1300–1302. https://doi.org/10.1126
/science.277.5330.1300

Tutin T., Burges N., Charter A., Edmondson J., Heywood 
V., Moore D. & al. 1972: Flora europaea III. – Cam-
bridge: Cambridge University Press.

Tutin T., Burges N., Charter A., Edmondson J., Heywood 
V., Moore D. & al. 1976: Flora europaea IV. – Cam-
bridge: Cambridge University Press.

Tutin T., Burges N., Charter A., Edmondson J., Heywood 
V., Moore D. & al. 1980: Flora europaea V. – Cam-
bridge: Cambridge University Press.

Tutin T., Burges N., Charter A., Edmondson J., Heywood 
V., Moore D. & al. 1993: Flora europaea, ed. 2, I. – 
Cambridge: Cambridge University Press.

Umaña M., Caicai Z., Cao M., Lin L. & Swenson N. 
2017: A core-transient framework for trait-based 
community ecology: an example from a tropical tree 
seedling community. – Ecol. Letters 20: 619–628. 
https://doi.org/10.1111/ele.12760

Violle C., Enquist B. J., McGill B. J., Jiang L., Albert C. 
H., Hulshof C., Jung V. & Messier J. 2012: The return 
of the variance: intraspecific variability in community 
ecology. – Trends Ecol. Evol. 27: 244–252. https://
doi.org/10.1016/j.tree.2011.11.014

Violle C., Navas M. L., Vile D., Kazakou E., Fortunel 
C., Hummel I. & Garnier E. 2007: Let the concept of 
trait be functional! – Oikos 116: 882–892. https://doi
.org/10.1111/j.0030-1299.2007.15559.x

Violle C., Reich P. B., Pacala S. W., Enquist B. J. & 
Kattge J. 2014: The emergence and promise of 
functional biogeography. – Proc. Natl. Acad. Sci. 
U.S.A. 111: 13690–13696. https://doi.org/10.1073
/pnas.1415442111

Waser N., Chittka L., Price M., Williams N. & Ollerton 
J. 1996: Generalization in pollination systems, and 
why it matters. – Ecology 77: 1043–1060. https://doi
.org/10.2307/2265575

Wasof S., Lenoir J., Gallet-Moron E., Jamoneau A., Bru-
net J., Cousins S. A. O., De Frenne P., Diekmann M., 
Hermy M., Kolb A., Liira J., Verheyen K., Wulf M. & 
Decocq G. 2013: Ecological niche shifts of understo-
rey plants along a latitudinal gradient of temperate for-
ests in north-western Europe. – Global Ecol. Biogeogr. 
22: 1130–1140. https://doi.org/10.1111/geb.12073

Weigelt P., König C. & Kreft H. 2020: GIFT – a global 
inventory of floras and traits for macroecology and 
biogeography. – J. Biogeogr. 47: 16–43. https://doi
.org/10.1111/jbi.13623

Westerband A. C., Funk J. L. & Barton K. E. 2021: In-
traspecific trait variation in plants: a renewed focus 
on its role in ecological processes. – Ann. Bot. 127: 
397–410. https://doi.org/10.1093/aob/mcab011

Westoby M. 1998: A leaf-height-seed (LHS) plant ecol-
ogy strategy scheme. – Pl. & Soil 199: 213–227. 
https://doi.org/10.1023/A:1004327224729

Whitlock R., Grime J. P. & Burke T. 2010: Genetic vari-
ation in plant morphology contributes to the species-
level structure of grassland communities. – Ecology 
91: 1344–1354. https://doi.org/10.1890/08-2098.1

Wiens J. J., Ackerly D. D., Allen A. P., Anacker B. L., 
Buckley L. B., Cornell H. V., Damschen E. I., Jonath-
an Davies T. & al. 2010: Niche conservatism as an 
emerging principle in ecology and conservation bi-
ology. – Ecol. Letters 13: 1310–1324. https://doi.org
/10.1111/j.1461-0248.2010.01515.x

Downloaded From: https://bioone.org/journals/Willdenowia on 21 Apr 2025
Terms of Use: https://bioone.org/terms-of-use

https://doi.org/10.1007/s00442-010-1650-0
https://doi.org/10.1007/s00442-010-1650-0
https://doi.org/10.1111/ecog.00867
https://doi.org/10.1111/ecog.00867
https://doi.org/10.1016/j.jenvman.2009.07.005
https://doi.org/10.1016/j.jenvman.2009.07.005
https://www.jstor.org/stable/i40215597
https://www.jstor.org/stable/i40215597
https://www.jstor.org/stable/i40216011
https://www.jstor.org/stable/i40216011
https://doi.org/10.1111/j.1365-2486.2008.01557.x
https://doi.org/10.1111/j.1365-2486.2008.01557.x
https://doi.org/10.1890/09-1743.1
https://doi.org/10.1038/sdata.2018.135
https://doi.org/10.1038/sdata.2018.135
https://doi.org/10.1126/science.277.5330.1300
https://doi.org/10.1126/science.277.5330.1300
https://doi.org/10.1111/ele.12760
https://doi.org/10.1016/j.tree.2011.11.014
https://doi.org/10.1016/j.tree.2011.11.014
https://doi.org/10.1111/j.0030-1299.2007.15559.x
https://doi.org/10.1111/j.0030-1299.2007.15559.x
https://doi.org/10.1073/pnas.1415442111
https://doi.org/10.1073/pnas.1415442111
https://doi.org/10.2307/2265575
https://doi.org/10.2307/2265575
https://doi.org/10.1111/geb.12073
https://doi.org/10.1111/jbi.13623
https://doi.org/10.1111/jbi.13623
https://doi.org/10.1093/aob/mcab011
https://doi.org/10.1023/A:1004327224729
https://doi.org/10.1890/08-2098.1
https://doi.org/10.1111/j.1461-0248.2010.01515.x
https://doi.org/10.1111/j.1461-0248.2010.01515.x


295Willdenowia 53 – 2024

Willdenowia
Open-access online edition bioone.org/journals/willdenowia
Online ISSN 1868-6397 · Print ISSN 0511-9618 · 2022 Journal Impact Factor 1.900
Published by the Botanic Garden and Botanical Museum Berlin, Freie Universität Berlin
© 2024 The Authors · This open-access article is distributed under the CC BY 4.0 licence

Wright I. J., Dong M., Maire V., Prentice I. C., Westoby 
M., Diaz S., Gallagher R. V., Jacobs B. F., Kooyman 
R. M., Law E. A., Leishman M. R., Niinemets Ü., Re-
ich P. B., Sack L., Villar R., Wang H. & Wilf P. 2017: 
Global climatic drivers of leaf size. – Science 357: 
917–921. https://doi.org/10.1126/science.aal4760

Wright I. J., Reich P. B., Westoby M., Ackerly D. D., 
Baruch Z., Bongers F., Cavender-Bares J., Chapin T., 
Cornelissen J. H. C. & al. 2004: The worldwide leaf 
economics spectrum. – Nature 428: 821–827. https://
doi.org/10.1038/nature02403

Xystrakis F., Mitsios-Antonakos D., Eleftheriadou E., 
Dimopoulos P. & Theodoropoulos K. 2019: Inter-
regional beta-diversity patterns of the woody flora 
of Greece. – Ann. Forest Res. 62: 33–50. https://doi
.org/10.15287/afr.2018.1077

Zakkak S., Radovic A., Panitsa M., Vassilev K., Shuka 
L., Kuttner M., Schindler S., Kati V., 2018: Vegeta-
tion patterns along agricultural land abandonment in 
the Balkans. – J. Veg. Sci. 29: 877–886. https://doi
.org/10.1111/jvs.12670

Zanzottera M., Dalle Fratte M., Caccianiga M., Pierce S. 
& Cerabolini B. E. L. 2020: Community-level varia-
tion in plant functional traits and ecological strategies 
shapes habitat structure along succession gradients in 

alpine environment. – Community Ecol. 21: 55–65. 
https://doi.org/10.1007/s42974-020-00012-9

Zomeni M., Tzanopoulos J. & Pantis J. D. 2008: Histori-
cal analysis of landscape change using remote sens-
ing techniques: an explanatory tool for agricultural 
transformation in Greek rural areas. – Landscape 
Urban Planning 86: 38–46. https://doi.org/10.1016
/j.landurbplan.2007.12.006

Supplemental content online

See https://doi.org/10.3372/wi.53.53306

Supplement 1.
Fig. S1. The distribution of the 629 studied taxa in cho-
rological types.
Fig. S2. The distribution of the 629 studied taxa in life 
forms.
Table S1. Distribution of taxa along the 19 tertiary CSR 
life strategies of Grime, and general groups of strategies.

Supplement 2. CSR values of investigated taxa.

Supplement 3. Floristic catalogue.

Downloaded From: https://bioone.org/journals/Willdenowia on 21 Apr 2025
Terms of Use: https://bioone.org/terms-of-use

https://bioone.org/journals/willdenowia
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1126/science.aal4760
https://doi.org/10.1038/nature02403
https://doi.org/10.1038/nature02403
https://doi.org/10.15287/afr.2018.1077
https://doi.org/10.15287/afr.2018.1077
https://doi.org/10.1111/jvs.12670
https://doi.org/10.1111/jvs.12670
https://doi.org/10.1007/s42974-020-00012-9
https://doi.org/10.1016/j.landurbplan.2007.12.006
https://doi.org/10.1016/j.landurbplan.2007.12.006
https://doi.org/10.3372/wi.53.53306

