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Functional trait databases are emerging as crucial tools for a wide range of ecological studies across the
world. Here, we provide a database of functional traits for vascular plant species of the Mediterranean
Basin. The database includes 25,764 individual records of 44 traits from 2,457 plant taxa distributed in 119
taxonomic families. This database (BROT 2.0) is an updated and enlarged version of a previous database
(BROT 1.0; 8,263 records, 14 traits, 952 taxa). Trait data were obtained from a comprehensive literature
review, plus some ﬁeld and experimental observations. All records are fully referenced and, in many cases,
include geographic coordinates. The database is structured to include different levels of accuracy of trait
information for each entry. BROT 2.0 should facilitate testing hypotheses on plant functional ecology within
the Mediterranean Basin, and comparing this region with other ecosystems worldwide. The BROT 2.0
database and its trait deﬁnitions can be used as a template for creating similar trait databases in other
regions of the world.
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data integration objective • database creation objective • biodiversity
assessment objective
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plant trait

Technology Type(s)
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Tracheophyta • Mediterranean Region

1

Division of Ecology, Department of Biology, Hacettepe University, Beytepe 06800, Ankara, Turkey. 2Centro de
Investigaciones sobre Desertiﬁcación, Consejo Superior de Investigaciones Cientíﬁcas (CIDE-CSIC), 46113,
Valencia, Spain. Correspondence and requests for materials should be addressed to J.G.P. (email: juli.g.
pausas@uv.es).
SCIENTIFIC DATA | 5:180135 | DOI: 10.1038/sdata.2018.135

1

www.nature.com/sdata/

Background & Summary

Plant functional traits determine the response of plant species to environmental factors1 and
disturbances2, and are currently used for testing a range of ecological hypotheses3–6. Trait-based
approaches can also be used to understand the mechanisms assembling communities7–10. Exploring
functional (trait) diversity in communities is providing new insights on ecological processes and
ecosystem functioning11,12, and has a promising future in the ecology research agenda13. Plant trait
databases are also important sources for evolutionary biologists; together with calibrated phylogenies,
they are a source of information for understanding the origin and evolution of selective pressures14–16.
Consequently, trait databases are becoming a key research tool in ecology and evolution.
The Mediterranean Basin harbors around 25 000 plant species, including many endemics17, and has a
unique plant genetic diversity within the western Palearctic biogeographic region, mainly attributed to the
role of the area as glacial refugium during Pleistocene glacial periods18,19. The presence of many
peninsulas (Iberian, Italian, Balkan, and Anatolian) and islands is another driver of plant endemism in
the region. Furthermore, the geographical position of the basin at the intersection of three continents
(Europe, Asia, and Africa) has shaped a unique plant assembly with plants from the three different
biogeographical regions20. At the same time, however, the Mediterranean Basin is also considered one of
the global biodiversity hotspots for habitat loss21. This region is the cradle of Western civilization, and has
witnessed the rise and fall of many cultures, some with very high population densities, that have led to
high levels of habitat degradation and loss for many centuries. Recent threats to plant diversity in
Mediterranean Basin include changes in climate, land use and ﬁre regime22,23. Therefore, a description of
functional trait structure and variability across the Mediterranean Basin is of critical importance for
predicting the possible responses of plant populations, species and communities to future changes.
The creation of the BROT database24 (hereafter, BROT 1.0) was a major effort to gather plant
functional traits for the Mediterranean region. One of the strengths of this database was that it included a
range of data types for each trait (e.g., quantitative, semi-quantitative, and binary) so that even coarse
information was stored in a useful way within the database, together with high-quality data. It also
considered variability within species by including, when available, several trait records for a given taxon.
The information included in the database came from many references, including gray literature (reports,
theses, and articles in various languages) that are not easily accessible to users. BROT 1.0 was a ﬁrst step
in compiling and organizing trait information in a standardized format for international users. Although
BROT 1.0 was focused on ﬁre-related and regeneration traits24, it has been used in many papers
published in peer-reviewed journals (more than 150 GoogleScholar citations by December 2017) and was
also included in a global plant trait database (TRY25) and in the Encyclopedia of Life (eol.org).
The increase in functional trait research for the Mediterranean ﬂora, together with the need for a more
comprehensive plant trait database for studies on functional ecology and evolution, motivated us to make
a major update of the BROT database. Here we introduce BROT 2.0. The great effort performed in
compiling regeneration traits in BROT 1.0 was continued in this update, making BROT 2.0 a prominent
database on regeneration traits for Mediterranean ﬂora, and in particular for traits related to the
regeneration after disturbance. In addition, in this new version of BROT we have increased (tripled) the
number of traits and taxa, improved the standardization of some traits, and added geographical
coordinates (where possible) for enabling geographically explicit analyses. This new version includes not
only regeneration traits, but also vegetative and sexual reproductive traits. Thus BROT 2.0 is the largest
source of information on plant traits for the Mediterranean Basin region.
The BROT 2.0 database is structured on four ﬁles (Fig. 1), all connected by unique identiﬁers. The fact
that most information is in the ‘Data ﬁle’, and in plain text, simpliﬁes the use of the database. We propose
BROT 2.0 as a reference database for functional trait analyses and hypothesis testing within the
Mediterranean Basin and for comparing this area with other ecosystems across the globe. It is also a
useful tool for identifying knowledge gaps on the functional ecology of plants in the study region. The
database and its standardized deﬁnitions may also be used as a template for compiling plant trait
databases in other regions of the world.

Methods
Database structure
The structure of BROT 2.0 is very simple and composed of four ﬁles (Fig. 1), all included in a single
dataset (Data Citation 1). The ‘Data ﬁle’ includes the main data values for functional traits, the taxon
name, and the geographical information associated with each record (Table 1). The ‘Taxa ﬁle’ consists of
the full scientiﬁc name of all taxa, including the authority (Table 2). The ‘Sources ﬁle’ includes the full
reference for each source used in the database (Table 3). An additional ﬁle includes synonymous names
for the taxa considered in the database (Table 4). These four ﬁles are linked by unique identiﬁers (Fig. 1).
Additional information on the Data ﬁle is given in Tables 5–8 (Fig. 1). The list of traits are provided in
Table 9 and a full description and standardization of all traits are given in the ‘Data Records’ section.
Data compilation
The geographical scope of the database is the Mediterranean Basin, deﬁned as the land around the
Mediterranean Sea with Mediterranean climate, including all Mediterranean islands. Given that the
deﬁnition of Mediterranean climate is not strict (it has no sharp boundaries at the local scale), and that
SCIENTIFIC DATA | 5:180135 | DOI: 10.1038/sdata.2018.135

2

www.nature.com/sdata/

Figure 1. Structure of BROT 2.0 database. Yellow boxes are the four ﬁles that make up the database, and
include the column names of each ﬁle and the number of rows (below the box); ID refers to unique identiﬁers
in the corresponding ﬁle. Black thick lines indicate the link between ﬁles. Gray arrows indicate the manuscript
table in which information on a column can be found. (*) “Coordinates” include four columns: latitude,
longitude, altitude, and accuracy (see Table 1). (#) “Authority” includes two columns: the authority for the
species binomial name, and for the infra-species category (see Table 2).

Column name Deﬁnition
ID

Unique identiﬁer.

TaxonID

Unique taxa identiﬁer; the ID in the Taxa ﬁle (Table 2, Fig. 1).

Taxon

Taxa name without author names; see the Taxa ﬁle for authorities (see Table 2).

Trait

Name of the functional traits considered (list and deﬁnitions are given in Table 9 and in ‘Data Records’ section).

Data

The actual data. The categories for each functional trait are described in ‘Data Records’ section; words are not capitalized, all text is in lower case
except single-letter codes (e.g. DispMode).

Units

Units for quantitative data; number of classes (in squatted brackets) for categorical and semi quantitative data.

DataType

Type of data as deﬁned in Table 5. Note that the database includes different types of data, even for a given trait.

Method

General description of the method for gathering the information; it is related to the accuracy of the data (see Table 6).

SourceID

Unique identiﬁer for the data source (Fig. 1) from which data have been obtained. Complete references are listed in the Source ﬁle (see Table 3).

Region

The region of the Mediterranean Basin where the observation or experiment was performed or from where the seeds were collected (see Table 7).

Lat

Latitude (in decimal degree) of the study site. This ﬁeld can be empty.

Long

Longitude (in decimal degree) of the study site. This ﬁeld can be empty.

Alt

Altitude (in m) of the study site. This ﬁeld can be empty.

Accuracy

The accuracy of the geographical coordinates. The deﬁnitions of the study sites range from small plots to large regions, and thus the given
geographical coordinates may vary in their degree of accuracy in relation to the data (see Table 8). This ﬁeld can be empty.

Comments

Some data has a brief comment or clariﬁcation provided by the author (indicated as ‘f.a.’) or by the data compiler (indicated as ‘f.c.’). This ﬁeld can
be empty.

Table 1. Column description of the Data ﬁle.

different Mediterranean species do not share their distribution limits, the border of our study area is also
coarse – although as a general geographical reference we follow the limits of the Mediterranean climate
by Quézel & Médail26 (Fig. 2). That is, some data come from locations outside of this geographical limit
(Fig. 2) but these locations are close and share many species and relevant ecological processes (e.g.
summer drought and frequent ﬁres) with ecosystems in the core area of the Mediterranean climate.
We compiled measurements and observations on plant functional traits from scientiﬁc papers, books,
reports, theses, and other types of publications for plants from the Mediterranean Basin. In some cases,
we also gathered functional trait information from unpublished sources such as expert opinion. The
compilation is based on the traits deﬁned in BROT 1.0 (ref. 24), but also includes 30 additional traits;
some of the original traits have been redeﬁned in line with the current knowledge. The ﬁnal 44 plant
functional traits considered include 22 general vegetative traits, 15 regeneration traits, and 7 sexual
reproductive traits (Table 9). These functional traits reﬂect the physiological, morphological,
reproductive, phenological, and regenerative properties of plants, and determine the ecological role of
each plant species in the ecosystem. Many of the functional traits included in the database are known to
be important for the response of plants to global changes and disturbances2,6,27,28. For each trait, we
provided a standardized deﬁnition, and in many cases, this deﬁnition includes both quantitative, semiSCIENTIFIC DATA | 5:180135 | DOI: 10.1038/sdata.2018.135
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Column name

Deﬁnition

ID

Unique identiﬁer of the taxa.

Family

APG IV family39

Genus

Genus, the ﬁrst part of the species binomial name

Species

Speciﬁc epithet, i.e., the second part of the species binomial name

Authority1

Authority for the species binomial name

Infraname

Two words separated by a space; the ﬁrst is ‘spp.’ or ‘var.’ referring to subspecies or variety, respectively, the second is the name of the
subspecies or variety. This ﬁeld can be empty.

Authority2

Authority for the name of the subspecies or variety. This ﬁeld can be empty.

Table 2. Column description of the Taxa ﬁle.

Column name Deﬁnition
ID

Unique identiﬁer.

FullSource

Full reference. Note that the sources include published articles, gray literature, and personal communications; in the latter, the email of the data
provider and a brief description of the study area are also included. Sources follow the APA Style46 with some minor modiﬁcations.

Table 3. Column description of the Sources ﬁle.

Column name

Deﬁnition

TaxonID

Taxa identiﬁer that links with the Taxa ﬁle (ID) and the Data ﬁle (TaxonID); see Fig. 1. This is not unique in this ﬁle, as several synonymous for
the same taxa are possible.

SynName

Full taxa name, with authorities.

Table 4. Column description of the Synonymous ﬁle.

DataType

Deﬁnition

Quantitative

A number (integer or ﬂoating)

Semi-quantitative Ordered qualitative variable (e.g., low, medium, high)
Range

Two quantitative values, indicating the range observed (e.g., 20–100)

Categorical

Non-ordered qualitative variable (e.g, dry, ﬂeshy)

Boolean

A value indicating a logical expression (yes or no)

Conditional

The above types may also, in turn, be conditional (quantitative conditional, semi-quantitative conditional, etc.) and indicate that the data entry
has a value plus some additional information separated by a vertical bar (|, ASCII 124). This additional information is different in each trait, and
it is deﬁned in the corresponding traits (see ‘Data Records’ section). Here are three examples:
HeatStimGerm = “low|L_H”: germination stimulated by low heat intensities in an experiment where only Low and High heat intensities were
tested (as deﬁned in ‘Data Records’ section). That is, it is unknown whether it would be stimulated by a moderate heat intensity treatment; it
was not stimulated by a high heat shock.
ChemCues = “stimulation|smk”: germination stimulated by smoke treatments (i.e., germination after smoke treatment was signiﬁcantly
higher than the germination in control conditions).
SoilSeedBank = “persistent|bur”: plant that has persistent soil seed bank according to the evidence come from a seed burial experiment.

Table 5. Descriptions of types of data used in the Data ﬁle (the ‘DataType’ column).

quantitative and qualitative information (see ‘Data Records’ section), which maximize gathering the
available information. In some cases, the data is presented in a conditional form, that is, the data value
includes some relevant extra information after a vertical bar (|, ASCII 124; i.e., data|condition; see
examples in Table 5).
For some traits (eight traits, called ‘ﬁxed’ traits in Table 9), only one value for each taxon was
compiled; these traits are assumed to be constant across the study area. However, for most traits
(36 traits, called ‘variable’ traits in Table 9) we compiled information from multiple sources and localities.
This information may include different type (and quality) of data (e.g., quantitative or binary), but may
also include different, sometimes even contradictory information. This variability in the data may reﬂect
within-species variability, plasticity or poor knowledge, and thus it is an area for further research. The
selection of ﬁxed/variable attribute of the traits was based on the variability observed when gathering the
data, and on the general ecological knowledge of the region.
The database only includes taxa (at least at the species level) native to the Mediterranean Basin. We
have tried to avoid information obtained from different publications that were based on the same
experiment (in many cases, different publications by the same authors). Functional trait data obtained
SCIENTIFIC DATA | 5:180135 | DOI: 10.1038/sdata.2018.135
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Method

Deﬁnition

Measure

Published or unpublished data obtained from an experimental design in which the data is, at least, one of the objectives of the study.

Experience

Published or unpublished data from visual (rough) estimation or personal experience.

Compilation

Published data compiled from different sources (including experience, published data,...).

General reference

Data published and obtained from a general publication such as a regional ﬂora.

Table 6. Descriptions of general methods of published or unpublished data sources (the ‘Method’

column in the Data ﬁle).

Region

Deﬁnition

W

North West: Iberian Peninsula, south of France and Balearic Islands.

C

North-Central: Italian Peninsula and surrounding islands (Sicily, Sardinia, Corsica).

E

North East: from Trieste to Istanbul, that is, Croatia, Albania, the Former Yugoslav Republic of Macedonia, Greece, and surrounding islands.

M

Mediterranean Middle East (Asia): From Istanbul to the Sinai Peninsula. That is Anatolian Peninsula, western Syria, Lebanon, Palestine, Israel, and
Cyprus.

S

The Southern rim of the Mediterranean Sea (North Africa), that is, Morocco, Algeria, Tunisia, Libya, and Egypt.

U

Unknown, or unclear in the original source, or from more than two of the above regions.

Table 7. Descriptions of regions used in the Data ﬁle (the ‘Region’ column).

Accuracy

Deﬁnition

High

Data refer to a region of o 5 km2 in size.

Mod

Data refer to a region between 5 and 500 km2 in size.

Low

Data refer to a region between 500 and 50 000 km2 in size.

VLow

Data refer to a region >50 000 km2 in size.

Table 8. Description of accuracy categories for geographic coordinates used in the Data File (the

‘Accuracy’ column).

from inadequate experimental procedures or data that did not fully ﬁt the deﬁnition of a particular trait
were excluded.
When available, we provided geographic information data (latitude, longitude, and altitude) for
individual records in the database. In many cases, the reference from where the functional trait
information was extracted did not include the coordinates, and thus we estimated them from the name of
the locality (when possible). Because the studies vary from small plots to large regions, the coordinates of
different record differ in the degree of accuracy in relation to the data. Thus we included the variable
‘Accuracy’ in the data to refer to the accuracy of the geographical location (see details in Table 8).
Geographical information is provided for the variable traits only as ﬁxed traits are assumed constant
across the region.
Taxa names were homogenized following the European Science Foundation - European Documentation System (ESFEDS)29, which is largely based on Flora Europaea30. When a taxon name was missing in
the ESFEDS database, or when some important taxonomic updates were available, generic taxonomical
databases31,32, taxonomic databases for speciﬁc families33,34, or regional ﬂoras35–37 were used. Finally, all
taxa names were checked for up-to-date synonymous names and spelling errors using the Taxonomic
Name Resolution Service38. All BROT 2.0 full taxa names, including authority, are provided in the Taxa
ﬁle. This ﬁle also includes the taxonomic family following the APG IV system39. In a separate ﬁle (the
Synonymous ﬁle; Fig. 1), we include synonymous names for the taxa considered; this is not an exhaustive
list and only includes some alternative names frequently used in the literature.

Code availability
The four ﬁles of the database are in ‘CSV’ format and can be easily retrieved from Figshare (Data
Citation 1) and uploaded to most statistical software, spreadsheets, or database management systems. The
Sources, Taxa and Synonymous ﬁles have some special characters (e.g., accents on authors and authority
names), and thus, for portability, UTF-8 encoding is used; the Data ﬁle uses plain text. Missing values are
SCIENTIFIC DATA | 5:180135 | DOI: 10.1038/sdata.2018.135
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included as empty cells, and only occur in the Data ﬁle (in the last 5 columns; i.e., coordinates and
comments; Table 1) and Taxa ﬁle (in the last two columns; Table 2).
As an example, we provide below the code to import the data into R and to perform some simple
tasks; this code was tested in R (ver. 3.4) under Windows (ver. 7 and 10) and Linux (Ubuntu 16.04) and
should work in any of the main computer conﬁgurations. Importing the ﬁles into a spreadsheet is easy,
especially for LibreOfﬁce and OpenOfﬁce; users just need to select 'Unicode UTF-8’ and ﬁelds separated
by ‘comma’ when opening csv ﬁles. Microsoft Excel users may need to ﬁrst rename the four *.csv ﬁles as
*.txt, open them via the Import Text Wizard, and then select 'Unicode UTF-8’ with ﬁelds separated by
‘comma’.
Reading the BROT 2.0 ﬁles:
brot o - read.csv("BROT2_dat.csv", row.names = 1, stringsAsFactors = F)
brot.sou

o-

read.csv("BROT2_sou.csv",

row.names = 1,

stringsAsFactors = F,

encoding = "UTF-8")
brot.tax o - read.csv("BROT2_tax.csv",

row.names = 1,

stringsAsFactors = F,

encoding = "UTF-8")
brot.syn

o-

read.csv("BROT2_syn.csv",

stringsAsFactors = F,

encoding = "UTF-8")

Quantifying the variability (quantiles) of SLA values:
quantile(as.numeric(brot$Data[brot$Trait = = "SLA"]))

Plotting the number of species by growth forms:
barplot(sort(table(brot$Data[brot$Trait = = "GrowthForm"])), las = 2)

Does Daphne gnidium resprout after ﬁre?
brot[brot$Taxon = = "Daphne gnidium" & brot$Trait = = "RespFire", 1:8]

And what about Quercus species? Do they resprout after ﬁre?
with(brot[grep("Quercus",

brot$Taxon),],

table(Data[Trait = = "RespFire"

&

DataType %in% c("boolean", "semi-quantitative")]))

How many species show their germination stimulated by smoke?
length(unique(brot$Taxon[brot$Data = = "stimulation|smk"]))

Summarize the role of the different ﬁre-related chemical cues on plant germination:
with(data.frame(matrix(unlist(strsplit(brot$Data[brot$Trait = = "ChemCues"],
"|", fixed = T)), ncol = 2, byrow = T)), table(X1, X2))

List the references that provide information on lignotubers:
sort(brot.sou[unique(brot$Source[brot$Data = = "lignotuber"]), ])

Add families to all records in the main data ﬁle:
brot$Family o - brot.tax[as.character(brot$TaxonID), "Family"]

List all synonymous used in BROT (two ways with different output formats):
merge(brot.syn, brot.tax[,-1], by.x = "TaxonID", by.y = 0)[,-1]
apply(merge(brot.syn, brot.tax[,-1], by.x = "TaxonID", by.y = 0)[,-1], 1, function(x) paste(x[1], paste(na.omit(x[-1]), collapse = " "), sep = " = " ))

Data Records

The data compiled is available in a single dataset (Data Citation 1) composed of four ASCII text ﬁles, all
in CSV format with quoted ﬁelds: the ‘Data’ ﬁle (BROT2_dat.csv) is the main ﬁle; the ‘Taxa’ ﬁle includes
full taxa names (BROT2_tax.csv), and the ‘Sources’ ﬁle includes full references (BROT2_sou.csv). An
additional ‘Synonymous’ ﬁle (BROT2_syn.csv) includes synonymous names for some of the taxa in the
‘Taxa’ ﬁle.
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No

Trait

Trait full name

Data types

Trait type

1

GrowthForm

Growth form

categorical

F

2

LeafDivision

Leaf division degree

categorical

F

3

LeafLifespan

Average leaf lifespan

quantitative

V

4

LeafPhenology

Leaf phenology

categorical

F

5

LeafShape

Basic leaf shape

categorical

F

6

LeafArea

Average leaf area

quantitative or semi-quantitative

V

7

LNCm

Mass-based leaf nitrogen content

quantitative

V

8

SLA

Average speciﬁc leaf area

quantitative

V

9

BarkThick

Average bark thickness

quantitative, quantitative conditional, or semi-quantitative V

General vegetative traits

10

Height

Average height

quantitative

V

11

StemDensity

Stem speciﬁc density

quantitative

V

12

CFFuel

Coarse:ﬁne fuel

quantitative or semi-quantitative

V

13

DeadFuel

Dead ﬁne fuel

quantitative or semi-quantitative

V

14

LDMC

Leaf dry matter content

quantitative

V

15

Clonality

Clonality

categorical or Boolean

V

16

d13C

Integrated water-use efﬁciency

quantitative

V

17

Lifespan

Lifespan

quantitative or semi-quantitative

V

18

NutritionalRelat

Nutritional relationships

categorical

V

19

P50

Resistance to xylem cavitation

quantitative

V

20

RootDepth

Maximum rooting depth

quantitative

V

21

Spinescence

Spinescence

Boolean

F

22

SRR

Shoot:root ratio

quantitative or semi-quantitative

V

23

DispMode

Dispersal mode

categorical

F

24

Diaspore

Diaspore

categorical

F

25

FruitMass

Fruit dry mass

quantitative or semi-quantitative

V

26

FruitType

Fruit type

categorical

F

27

SeedMass

Seed dry mass

quantitative or semi-quantitative

V

28

SeedProd

Annual seed production

quantitative or semi-quantitative

V

29

SeedShape

Basic seed shape

quantitative or semi-quantitative

V

Sexual reproductive traits

Regeneration traits
30

BudSource

Bud source

categorical

V

31

FireStimFlower

Fire-stimulated ﬂowering

semi-quantitative or Boolean

V

32

RespClip

Resprouting capacity after clipping

quantitative, semi-quantitative, categorical or Boolean

V

33

RespDist

Resprouting capacity after disturbances quantitative, semi-quantitative, categorical or Boolean

V

34

RespFire

Resprouting capacity after Fire

quantitative, semi-quantitative, categorical or Boolean

V

35

ChemCues

Chemical germination cues

semi-quantitative conditional

V

36

HeatStimGerm

Heat-stimulated germination

semi-quantitative conditional or Boolean conditional

V

37

OtherCues

Other germination cues

semi-quantitative conditional

V

38

CanopySeedBank Canopy seed bank longevity

semi-quantitative or Boolean

V

39

SerotinyLevel

quantitative or quantitative range

V

Serotiny level

40

SoilSeedBank

Soil seed bank longevity

semi-quantitative conditional

V

41

MatResp

Age at maturity of resprouts

quantitative or semi-quantitative

V

42

MatSap

Age at maturity of saplings

quantitative or semi-quantitative

V

43

SeedlEmerg

Post-ﬁre seedling emergence

quantitative, semi-quantitative, categorical or Boolean

V

44

SeedlSurv

Post-ﬁre seedling survival

quantitative or semi-quantitative

V

Table 9. List of functional traits included in the database. ‘Trait’ refers to the short name of functional
trait as used in the database (Data ﬁle, Table 1), ‘Trait full name’ is the full name of functional traits (see also
‘Data Records’ section), ‘Data types’ shows the types of data used in each functional trait (Table 5), and ‘Trait
type’ shows whether a functional trait is ﬁxed (F, i.e. one record for each species) or variable (V, any species
may include several records reﬂecting variability of the trait).
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Figure 2. Geographical scope of the database in the Mediterranean Basin. Circles are the locations of the
data (for records with geographical coordinates), with colors indicating the number of records. The blue region
refers to the Mediterranean climate area following Quézel & Médail26.
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Figure 3. Number of sources included in the database by year of publication.

In total, we compiled functional trait data from 624 sources, of which 448 are articles published in
peer-reviewed journals between 1893 and early 2018 (Fig. 3). The database includes 25,764 records for
2,457 taxa belonging to 2,265 species, 704 genera, and 119 families throughout the Mediterranean Basin.
Asteraceae, Fabaceae, Lamiaceae, Poaceae, and Cistaceae are the best represented families in BROT 2.0,
with the speciﬁc ranking depending on whether we consider the number of records or the number of
species (Fig. 4). The top traits in number of records were RespFire (2,668), GrowthForm (2,451),
SeedlEmerg (2,417), SeedMass (1,995), and FruitType (1,551 records) (Fig. 5). Data records are
geographically distributed throughout the Mediterranean Basin, but some parts of the basin (e.g. the
southern rim) are poorly represented (Fig. 2), reﬂecting the lower number of available studies in this area.
Most of the data records (12,132) come from 379 studies conducted in the Iberian Peninsula, following by
Greece (2,366 records from 59 sources), Anatolia (1,303 records from 45 sources), Mediterranean France
(1,302 records from 38 sources), and Italy (761 records from 27 sources). Considering the numbers of
data records, taxa, and sources summarized above, BROT 2.0 represents a signiﬁcant improvement (both
quantitatively and qualitatively) over BROT 1.0 (ref. 24) (Table 10).
SCIENTIFIC DATA | 5:180135 | DOI: 10.1038/sdata.2018.135

8

www.nature.com/sdata/
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Figure 4. Number of records (left) and number of taxa (right) for the best represented (top 20) families in
the database.
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Figure 5. Number of records in the database for each trait. It includes both ﬁxed (in red) and variable traits
(in green). Trait codes as in Table 9.

Deﬁnitions, categories, and units of functional traits included in the database are given below, with the
trait short names (as in the Data ﬁle, Table 1) and whether it is a ﬁxed or variable trait (F, V) in brackets.
Traits are ordered following Table 9, that is, ﬁrst are vegetative traits (1 to 22), then sexual reproductive
traits (23 to 29), and ﬁnally regeneration traits (30 to 44). Note that the trait short names (in brackets)
and all categories (in bold) are written as used in the database (Data ﬁle), including the letter case.

1 Growth form (GrowthForm, F)
Morphology of the whole plant related with its size (for non-disturbed individuals). Categories are:
- tree: very tall woody plant, frequently with one main, primary stem and the green canopy rarely
reaching the ground.
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Feature

BROT 1.0

BROT 2.0

# of traits

14

44

# of general vegetative traits

1

22

# of sexual reproductive traits

1

7

# of regeneration traits

12

15

# of taxa

952

2,457

# of species

859

2,265

# of genera

384

704

# of families

79

119

# of records

8,263

25,764

0

15,574

301

624

with geographical coordinates
# of sources

Table 10. Main differences between BROT 1.0 and BROT 2.0.

- large shrub: Large shrub or small tree. Tall woody plant that under optimal
arborescence structure.
- shrub: woody plants (typically less than 1.5 m), frequently with several shoots
level and/or the green canopy reaching the ground.
- liana: woody (or slightly ligneous at the base) climber.
- subshrub: dwarf woody plant or chamaephytes (typically less than 50 cm),
(suffrutescent) plants.
- perennial forb: perennial broad-leaved herbaceous plant.
- perennial graminoid: perennial grass-like plant.
- annual forb: annual broad-leaved herbaceous plant.
- annual graminoid: annual grass-like plant.
- variable forb: annual, biennial or short-perennial forb.
- variable graminoid: annual, biennial or short-perennial grass.
- geophyte: herbs that persist during the unfavorable period as bulbs, rhizomes
storage organs.
- epiphyte: plants growing on other plants for physical support.

conditions may reach
growing from the soil
including suffruticose

or other subterranean

2 Leaf division degree (LeafDivision, F)
Division degree of leaves (or phyllodes). For species with different stem and basal leaves, it refers to stem
leaves. The categories are:
- simple: simple leaves.
- compound: compound or divided leaves.

3 Average leaf lifespan (LeafLifespan, V)
Average time period (months) during which an individual leaf (or phyllodes) of a woody species is alive
and physiologically active40 ( = leaf longevity). For woody species only.
4 Leaf phenology (LeafPhenology, F)
Phenology of leaves (or phyllodes). For woody species only. The categories are:
- evergreen: plant that maintains green leaves all year.
- winter deciduous: plant that drops all its leaves during the winter.
- winter semi-deciduous: plant that drops part of its leaves during the winter, maintaining some
brownish leaves in the crown.
- drought semi-deciduous: plant that drops part of its leaves during the dry period (excluding species
that drop leaves only in very extreme droughts).

5 Basic leaf shape (LeafShape, F)
Shape of leaves, phyllodes or leaﬂets for compound leaves. For species with different stem and basal
leaves, it refers to stem leaves. The categories are:
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- none: without leaves or any functional analogue organ. If leaves are modiﬁed as spines, then
LeafShape = spines (see below).
- broad: plant with broad leaves (for compound leaves, this refers to leaﬂets).
- needle-like: plant with needle-like leaves.
- linear: plant with linear leaves (for compound leaves, this refers to leaﬂets).
- scale-like: plant with scale-like leaves.
- spines: leaves are modiﬁed as spines (which is different from having spines or thorns in the branches).
- succulent: plant with succulent (water-stored, thick and ﬂeshy) leaves.

6 Average leaf area (LeafArea, V)
Average one-sided projected surface area (mm2) of an individual leaf (or phyllodes)40. For compound
leaves, leaﬂets area × leaﬂets number. For species with different stem and basal leaves, it refers to stem
leaves. Alternatively, one of the following categories:
-

very small: small needle-like, scale-like, and linear leaves (typically less than 25 mm2).
small: large linear leaves or small broad leaves (typically 25–225 mm2).
medium: moderate broad leaves or divided leaves with moderate leaﬂets (typically 225–2025 mm2).
large: large broad leaves, or divided leaves with numerous and large broad leaﬂets (typically 2025–4550 mm2).
very large: very large broad leaves, usually divided (typically more than 4550 mm2).

7 Mass-based leaf nitrogen content (LNCm, V)
Leaf nitrogen content (mass-based) (mg g−1), that is, the ratio of the quantity of nitrogen in the leaf per
respective unit dry mass40,41.
8 Average speciﬁc leaf area (SLA, V)
Average one-sided area of the fresh leaf (or phyllodes) divided by its oven-dry mass40,42, excluding petiole
and/or rachis; for mature plants only. Units are mm2 mg−1 (note that mm2 mg−1 × 10 = cm2 g−1).
9 Average bark thickness (BarkThick, V)
Average bark thickness (mm) of the main stem at breast height for trees; if available, it should include the
diameter (cm) at the height that the bark was measured (as quantitative conditional, i.e., BT|Diam). For
woody plants only. Note that in many cases both BT and Diam are mean values of a population (not for
an individual tree). Alternatively, one of the following categories:
- thin: o = 2 mm.
- moderate: 2–15 mm.
- thick: >15 mm.

10 Average height (Height, V)
Maximum height (m), excluding extremes and reproductive shoots.
11 Stem speciﬁc density (StemDensity, V)
Oven-dry mass divided by the fresh volume of a section of the main stem40 (excluding bark for woody
species; i.e., wood density) (g cm-3).
12 Coarse:ﬁne fuel (CFFuel, V)
Coarse to ﬁne fuel biomass ratio (i.e., > = 6 mm diameter and o6 mm diameter, respectively), including
live and dead material. Alternatively, one of the following categories:
-

low: without coarse fuel; all fuel is ﬁne.
moderate: abundant ﬁne fuel and low coarse fuel.
high: abundant ﬁne fuel and abundant coarse fuel.
very high: scarce ﬁne fuel and abundant coarse fuel.

13 Dead ﬁne fuel (DealFuel, V)
Standing ﬁne ( o 6 mm diameter) dead biomass (including twigs, leaves, inﬂorescences, bark) attached to
the plant during the dry season expressed in proportion of the aboveground biomass (for non-senescent
individuals) (%). Alternatively, one of the following categories:
- low: o = 5%
- medium: 5-20%
- high: > = 20%
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14 Leaf dry matter content (LDMC, V)
Dry matter content of leaves (mg g−1), that is, the ratio of the dry mass of a leaf to its water saturated
fresh mass40,41.
15 Clonality (Clonality, V)
Ability to colonize the space through vegetative reproduction. Categories considered are:
- rhizomes: non-swollen belowground horizontal stem that grows near the soil surface with the ability to
produce roots and stems. Rhizomes s.l., i.e., including woody and non-woody rhizomes.
- roots: roots normally growing close to the soil surface.
- rhizomes or roots: rhizomes and/or roots (not differentiated).
- storage organs: non-woody storage organs, normally modiﬁed stems (bulbs, corms or stem tubers) or
roots (root tubers).
- stolons: aboveground horizontal stems.
- yes: clonal plant with unknown system.
- no: without clonality ability.

16 Integrated water-use efﬁciency (d13C, V)
Delta 13C (δ13C) isotope ratio40.
17 Lifespan (Lifespan, V)
Average maximum age ( = longevity) for perennials (year). Alternatively, one of the following categories:
-

very short: o = 2 yr
short: 2–5 yr
medium: 5–25 yr
long: 25–150 yr
very long: >150 yr

18 Nutritional relationships (NutritionalRelat, V)
Long-term relationship with other species that are implicated in nutrient and/or energy uptake.
Categories are:
-

ectomycorrhizal symbiosis: plant with a mutualistic relationship with ectomycorrhizal fungi.
endomycorrhizal symbiosis: plants with a mutualistic relationship with endomycorrhizal fungi.
nodule bacteria symbiosis: plant with a mutualistic relationship with nitrogen-ﬁxing bacteria.
hemiparasite: photosynthetic plant (hemiparasite) that parasitize another photosynthetic plant (host).
parasite: non-photosynthetic plant that parasitize either a photosynthetic plant (i.e. holoparasites) or a
fungus (i.e., myco-heterotrophous).
- carnivorous: plant acquiring nutrients by capturing animals or protozoa.
- others: plants with other types of nutritional relationships, including a combination of several types of
symbiosis (e.g. endo- and ectomycorrhizas).
- no: plant without obvious nutritional relationships.

19 Resistance to xylem cavitation (P50, V)
Xylem resistance to drought-induced cavitation (in MPa)5.
20 Maximum rooting depth (RootDepth, V)
Maximum depth of the roots (m).
21 Spinescence (Spinescence, F)
Presence/absence of spines, thorns, prickles and/or spiny leaves in vegetative organs. The categories are:
- yes
- no

22 Shoot:root ratio (SRR, V)
Shoot to root dry mass ratio in saplings ( o = 3 years old), excluding those from plantations.
Alternatively, one of the following categories:
- low: o1.5
- high: > = 1.5
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23 Dispersal mode (DispMode, F)
The vector(s) used for dispersal (of seeds or any other dispersal unit for sexual reproduction). One or
several types, e.g.: GW means that both Gravity and Wind are important); if several, typically the ﬁrst is
the most important. Notation for the different dispersal vectors are:
-

G: autochory, by Gravity ( = unassisted dispersal).
W: anemochory, by Wind (with wind dispersal adaptations).
H: Hydrochory, by water.
B: Ballistichory, by launching ( = ballochory).
M: Myrmecochory, by ants.
N: eNdozoochory, internal animal transport.
P: ePizoochory, external animal transport ( = exozoochory).
O: hOarding, scatter and hoarding diaspores by animals (others than ants).
Z: Zoochory, dispersal mediated by animals (unknown transport system).

24 Diaspore (Diaspore, F)
Dispersal unit for sexual reproduction. The categories are:
- seed: including some single-seeded fruits such as achenes or caryopsis.
- fruit: single or aggregated fruit.
- spore

25 Fruit dry mass (FruitMass, V)
Average dry mass (mg) of single or aggregated fruits (excluding some single-seeded fruits such as achenes
or caryopsis, that are typically considered as "seeds"). Alternatively, one of the following categories:
-

very light: o3 mg
light: 3–30 mg
medium: 30–300 mg
heavy: 300–3000 mg
very heavy: >3000 mg

26 Fruit type (FruitType, F)
Type of the fruit. Including single or aggregated fruits (dispersal unit). Categories are:
- dry: dry fruit.
- ﬂeshy: ﬂeshy fruit, including fruit in which the ﬂeshy part is the ﬂoral cup (hypanthium) (e.g. Rosa).

27 Seed dry mass (SeedMass, V)
Average dry mass of seeds (including some single-seeded fruits such as achenes or caryopsis) (mg).
Alternatively, one of the following categories:
-

very light: o3 mg
light: > = 3 and o30 mg
medium: > = 30 and o 300 mg
heavy: > = 300 mg

28 Annual seed production (SeedProd, V)
Average number of seeds per plant produced every year (# seeds). Alternatively, one of the following
categories:
-

rarely: rarely, if ever, produces seeds in the study area.
few: o = 50 seeds.
medium: 50–500 seeds.
many: > 500 seeds.

29 Basic seed shape (SeedShape, V)
Ratio between the two maximum diameters: ﬁrst maximum divided by the second maximum, excluding
structures attached to the seed coat as wings or pappus. Alternatively, one of the following categories:
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- regular: close to 1 (spherical or lens-shaped seeds).
- irregular: far to 1 (elongated seeds).

30 Bud source (BudSource, V)
Location of the bud bank for resprouting species43. The categories are:
-

epicormic buds: stem buds (protected by the bark).
apex: buds in the stem apex protected from ﬁre by leaf bases.
root crown: transition point between stem and root.
lignotuber: woody swelling below or just above the soil, ontogenetically programmed (i.e., inherited
character). Based on embryological and/or anatomical features.
thickened root-crown: woody swelling below or just above the soil non-ontogenetically programmed
(e.g. stem coalescence). Thickened root crown.
burl: woody swelling below or just above the soil with the unspeciﬁed origin (no distinction between
lignotuber and burl is reported).
rhizomes: belowground horizontal stem (non-swollen).
woody rhizomes: woody belowground horizontal stem.
non-woody rhizomes: non-woody belowground horizontal stem.
roots
rhizomes or roots: rhizomes and/or roots (unspeciﬁed).
storage organs: non-woody storage organs, i.e., modiﬁed stems (bulbs, corms or stem tubers) or roots
(root tubers).
others: other bud sources, including those not clearly speciﬁed (e.g. stump).

31 Fire-stimulated ﬂowering (FireStimFlower, V)
Fire-stimulated ﬂowering in post-ﬁre resprouters. The categories are:
- no: lower or similar ﬂowering post-ﬁre than in unburned vegetation.
- yes: higher ﬂowering post-ﬁre than in unburned vegetation (includes facultative and obligate post-ﬁre
ﬂowering); these are mostly geophytes.

32 Resprouting capacity after clipping (RespClip, V)
Resprouting capacity one year after clipping 100% of the plant as average proportion of adult plants that
resprout (percentage). Not reported for annual plants (which can be assumed to be RespClip = no).
Alternatively, one of the following categories:
-

no: without resprouting capacity.
low: few individuals resprouting and/or weak resprouts.
high: most individuals resprouting and/or vigorous resprouts.
yes: with resprouting capacity (not quantiﬁed).
variable: very high variability observed in the sampling area.

33 Resprouting capacity after disturbances (RespDist, V)
Resprouting capacity after undeﬁned disturbances (average proportion of adult plants that resprout as
percentage). Not reported for annual plants (which can be assumed to be RespDist = no). Alternatively,
one of the following categories:
-

no: without resprouting capacity.
low: few individuals resprouting and/or weak sprouts.
high: most individuals resprouting and/or vigorous sprouts.
yes: with resprouting capacity (not quantiﬁed).
variable: very high variability observed in the sampling area.

34 Resprouting capacity after ﬁre (RespFire, V)
Resprouting capacity after one year when most of the plant has been scorched (average proportion of
adult plants that resprout as percentage). Not reported for annual plants (which can be assumed to be
RespFire = no). Alternatively, one of the following categories:
-

no: without resprouting capacity.
low: few individuals resprouting and/or weak sprouts.
high: most individuals resprouting and/or vigorous sprouts.
yes: with resprouting capacity (not quantiﬁed).
variable: very high variability observed in the sampling area.
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35 Chemical germination cues (ChemCues, V)
Germinative response to smoke (smk), ash (ash), charcoal (cha), nitrogenous compounds like KNO3
(NC1), NaNO2 (NC2), NH4Cl (NC3), NH4HOC3 (NC4), NH4NO3 (NC5), or response to karrikins
(KAR), cyanohydrins (CYN, including several cyanides, mandelonitrile, and glyceronitrile). The response
in indicated before the vertical bar, and the chemical cue tested, after the vertical bar (e.g. stimulation|
smk). The categories are:
- stimulation|###: germination of the treated seeds higher than the control.
- unaffected|###: germination of the treated seeds equal to the control.
- inhibition|###: germination of the treated seeds lower than the control.

36 Heat-stimulated germination (HeatStimGerm, V)
The highest intensity in heat treatments (i.e., seed exposition to dry heat > = 50 °C) that produce higher
germination than the control (i.e., stimulated germination). Heat intensity deﬁned as: Low (L: o100 °C
during o = 5 min.), Moderate (M:o100 °C during >5 min. or > = 100 °C during o = 5 min.), High
(H: > = 100 °C during >5 min.) or unknown (unk). Note that in many cases, post-treatment seed viability
is not considered or not speciﬁed. The heat intensities tested for each experiment are indicated after
the vertical bar (category|LMH), with an underscore when the corresponding heat intensity is not tested
(e.g., category|L_H). The categories are:
- yes|unk: stimulated germination is produced after unspeciﬁed heat intensity exposition.
- high|###: stimulated germination after exposition to High-intensity treatments (### refers to L, M and
H respectively).
- moderate|###: the highest heat intensity that produces stimulated germination is Moderate (### refers
to L, M and H respectively).
- low|###: the highest heat intensity that produces stimulated germination is Low (### refers to L, M and
H respectively).
- unaffected|###: germination is not stimulated after any heat intensity tested and at least one of the
treatments does not affect seed germination (### refers to L, M and H respectively; unk if unknown).
- inhibition|###: inhibited germination (i.e., lower germination than control) in all heat treatments
tested (### refers to L, M and H respectively; unk if unknown).

37 Other germination cues (OtherCues, V)
Germination response to exposition to boiling water (blw), mechanical scariﬁcation (mec), summer
temperature (tsu), temperature ﬂuctuation (tfu), light (lgt). The response is indicated before the bar and
the cue tested is indicated after the vertical bar (category|cue, e.g., stimulation|blw). Categories are:
- stimulation|###: germination of the treated seeds higher than the control.
- unaffected|###: germination of the treated seeds equal to the control.
- inhibition|###: germination of the treated seeds lower than the control.

38 Canopy seed bank longevity (CanopySeedBank, V)
Presence and longevity of the stored seeds in the canopy. The categories are:
-

yes: seeds stored in the canopy is present (no information on longevity)
no: no stored seeds in the canopy.
short: 2 or 3 years
mid: 4–10 yr
long: >10 yr

39 Serotiny level (SerotinyLevel, V)
Average proportion of serotinous (closed) cones in the canopy (%)44.
40 Soil seed bank longevity (SoilSeedBank, V)
Period that seeds remain viable in the soil seed bank inferred from: soil and vegetation comparisons (veg),
experimental seed burial (bur), seed dormancy (dor) or unknown methods (unk). The method used is
indicated after the vertical bar (response|method, e.g., persistent|veg). The categories are:
- transient|###: no soil seed bank; seeds germinate in the ﬁrst favorable season after dispersal. Normally
seed bank longevity o = 1 yr (no persistent seed bank).
- persistent|###: seeds do not germinate in the ﬁrst favorable season after dispersal. Normally seed bank
longevity >1 yr (could be longer but it is unknown).
- short-persistent|###: >1 and o = 5 yr
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-

at least short-persistent|###: at least>1 and o = 5 yr (could be longer but it is unknown).
mid-persistent|###: at least>5 yr (could be longer but it is unknown)
long-persistent|###: at least>15 yr
very long-persistent|###: > = 30 yr

41 Age at maturity of resprouts (MatResp, V)
Average age of resprouts at the ﬁrst successful reproduction (yr), i.e. when most of the resprouted plants
produce the ﬁrst seed crop. Alternatively, one of the following categories:
- early: o5 yr
- medium: 5–10 yr
- late: >10 yr

42 Age at maturity of saplings (MatSap, V)
Average age of saplings at the ﬁrst successful reproduction (yr), i.e. when most of the saplings produce the
ﬁrst seed crop, excluding saplings from plantations. Alternatively, one of the following categories:
- early: o5 yr
- medium: 5–10 yr
- late: >10 yr

43 Post-ﬁre seedling emergence (SeedlEmerg, V)
Average density of seedlings per pre-ﬁre mature individuals emerged during the ﬁrst year after ﬁre. This
is a ratio (number of seedlings / number of mature plants), or alternatively, one of the following
categories:
-

no: no post-ﬁre seedlings emergence.
low: number of seedlings lower than the number of pre-ﬁre mature individuals.
high: number of seedlings higher than the number of pre-ﬁre mature individuals.
yes: post-ﬁre seedling emergence observed (quantitative data not available).
variable: high variability observed between populations or sampled areas.

44 Post-ﬁre seedling survival (SeedlSurv, V)
Proportion of seedlings surviving the ﬁrst dry season after ﬁre (%). Alternatively, one of the following
categories:
- no: no post-ﬁre seedlings survival.
- low: survivalo25%
- high: survival > = 25%

Technical Validation
Most of the records included in the database (79%) are based on published material in peer-reviewed
scientiﬁc journals (46%), books (27%), or theses (5%), and thus most data should be accurate. In addition,
each speciﬁc data value has the original references, and so users can evaluate the validity and accuracy of
the original source. The data has been checked for possible redundancies and errors, and some published
data were excluded from the ﬁnal database; data considered doubtful (e.g., very extreme values, or data
that did not fully ﬁt the deﬁnition of the trait, or that were obtained with a questionable sampling) were
not included. Also note that for each species and trait, the BROT 2.0 database includes different values
from different sources, and so users can make their own decisions on data usage; for example, using the
mean trait value, or excluding extreme values. This feature of BROT 2.0 database is especially important
because it provides information on trait variability.
The spatial scope of the database is the Mediterranean Basin (Fig. 2). The differences in the number of
records among sub-regions of the Basin (for example, the north and the south of the Basin, Fig. 2) reﬂect
the spatial heterogeneity of knowledge across the Basin.
The integrity of the ﬁles can be veriﬁed by the following md5 checksums:
BROT2_dat.csv "797222960172b5ca587173f061a5f629"
BROT2_sou.csv "302c8f6bbaa2f1a49c95f6706941941c"
BROT2_tax.csv "758a4c23a30b080333face4c6689c47b"
BROT2_syn.csv "c756db95e433283b6c2bdca51a11a5e3"
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Usage Notes

To properly use the data, it is important to consider the following ﬁelds in the Data ﬁle: ‘Method’,
‘Accuracy’, and ‘DataType’. The ﬁrst provides information on the origin of the data, and is related to
quality; data with Method = ‘measure’ is likely to be of the highest quality (Table 6). ‘Accuracy’ provides
an indicator of the accuracy of the geographical location (Table 8). Users can use these ﬁelds to select the
data that best suits their requirement, or to weight their analysis. The ‘DataType’ column is also
informative, as different types of data (quantitative, semi-quantitative, etc.) are linked to the quality and
accuracy of the data (Table 5). Because quantitative data can be converted to qualitative or semiquantitative (following the trait deﬁnitions given in the section ‘Data Records’), users can choose between
using more data of low quality or less data of high quality.
Note that there may be variability in a given trait, and the more information (more records from
different sources), the more certain is the value of the trait for a given species. For instance, resprouting is
a key trait in ﬁre-prone ecosystems, and for some (few) species, we may ﬁnd records for both ‘yes’ and
‘no’ in the ability to resprout. This may be due to variability, but it could also be due to a poor sampling.
The number of records, together with the ﬁeld ‘Methods’, may provide an estimation of the level of
conﬁdence in the information. Moreover, given that all records are referenced, it is always possible to go
to the original reference to search for additional information.
Note also that some traits are poorly known and prone to mistakes. For instance, the type of
underground resprouting (trait: ‘BudSource’) is not always easy to observe, and many researchers,
especially in the past, tended to confuse structures like ‘lignotubers’ with any other underground
resprouting organ43,45. When the mistake was clear from the reference, it was not included in the
database, but in many instances, it is impossible to know, as variability exists among populations and
geographical locations.

References
1. Westoby, M. & Wright, I. J. Land-plant ecology on the basis of functional traits. Trends in Ecol. Evol. 21, 261–268 (2006).
2. Pausas, J. G., Bradstock, R. A., Keith, D. A. & Keeley, J. E. Plant functional traits in relation to ﬁre in crown-ﬁre ecosystems.
Ecology 85, 1085–1100 (2004).
3. Díaz, S. et al. The global spectrum of plant form and function. Nature 529, 167–171 (2016).
4. Vilagrosa, A., Hernández, E. I., Luis, V. C., Cochard, H. & Pausas, J. G. Physiological differences explain the co-existence of
different regeneration strategies in Mediterranean ecosystems. New Phytol. 201, 1277–1288 (2014).
5. Pausas, J. G. et al. Towards understanding resprouting at the global scale. New Phytol. 209, 945–954 (2016).
6. Kunstler, G. et al. Plant functional traits have globally consistent effects on competition. Nature 529, 204 (2016).
7. Lavorel, S. & Garnier, E. Predicting changes in community composition and ecosystem functioning from plant traits: revisiting
the Holy Grail. Funct. Ecol. 16, 545–556 (2002).
8. Ackerly, D. D. & Cornwell, W. K. A trait-based approach to community assembly: partitioning of species trait values into withinand among-community components. Ecol. Lett. 10, 135–145 (2007).
9. Pausas, J. G. & Verdú, M. The jungle of methods for evaluating phenotypic and phylogenetic structure of communities. BioScience
60, 614–625 (2010).
10. Charles-Dominique, T., Beckett, H., Midgley, G. F. & Bond, W. J. Bud protection: a key trait for species sorting in a forestsavanna mosaic. New Phytol. 207, 1052–1060 (2015).
11. Lavorel, S. et al. in Terrestrial Ecosystems in a Changing World eds (Canadell, J. G., Pataki, D. & Pitelka, L.).
149–164 The IGBP Series (Springer-Verlag: Berlin Heidelberg) doi: 10.1007/978-3-540-32730-1_13 (2007).
12. Gross, N. et al. Functional trait diversity maximizes ecosystem multifunctionality. Nature Ecol. Evol. 1, 0132 (2017).
13. Levine, J. M. Ecology: a trail map for trait-based studies. Nature 529, 163–164 (2016).
14. He, T., Pausas, J. G., Belcher, C. M., Schwilk, D. W. & Lamont, B. B. Fire-adapted traits of Pinus arose in the ﬁery Cretaceous. New
Phytol. 194, 751–759 (2012).
15. Lamont, B. B. & He, T. Fire-proneness as prerequisite for the evolution of ﬁre-adapted traits. Trends Plant Sci. 22,
278–288 (2017).
16. Lamont, B. B., He, T. & Pausas, J. G. African geoxyles evolved in response to ﬁre; frost came later. Evol. Ecol. 31, 603–617 (2017).
17. Cowling, R. M., Rundel, P. W., Lamont, B. B., Arroyo, M. K. & Arianoutsou, M. Plant diversity in Mediterranean-climate regions.
Trends in Ecol. Evol. 11, 362–366 (1996).
18. Petit, R. J. et al. Glacial refugia: hotspots but not melting pots of genetic diversity. Science 300, 1563–1565 (2003).
19. Médail, F. & Diadema, K. Glacial refugia inﬂuence plant diversity patterns in the Mediterranean Basin. J. Biogeogr. 36,
1333–1345 (2009).
20. Manafzadeh, S., Salvo, G. & Conti, E. A tale of migrations from east to west: The Irano-Turanian ﬂoristic region as a source of
Mediterranean xerophytes. J. Biogeogr. 41, 366–379 (2014).
21. Myers, N., Mittermeier, R. A., Mittermeier, C. G., Da Fonseca, G. A. & Kent, J. Biodiversity hotspots for conservation priorities.
Nature 403, 853–858 (2000).
22. Giorgi, F. & Lionello, P. Climate change projections for the Mediterranean region. Global Planet. Change 63, 90–104 (2008).
23. Pausas, J. G. & Fernández-Muñoz, S. Fire regime changes in the western Mediterranean Basin: from fuel-limited to droughtdriven ﬁre regime. Climatic Change 110, 215–226 (2012).
24. Paula, S. et al. Fire-related traits for plant species of the Mediterranean Basin. Ecology 90, 1420 (2009).
25. Kattge, J. et al. TRY–a global database of plant traits. Global Change Biol. 17, 2905–2935 (2011).
26. Quézel, P. & Médail, F. Écologie et Biogeographie des Forêts du Bassin Méditerranéen (Elsevier: Paris, 2003).
27. Díaz, S. et al. The plant traits that drive ecosystems: Evidence from three continents. J. Veg. Sci. 15, 295–304 (2004).
28. Russell-Smith, J. et al. Fire persistence traits can be used to predict vegetation response to changing ﬁre regimes at expansive
landscape scales – an Australian example. J. Biogeogr. 39, 1657–1668 (2012).
29. ESFEDS (European Science Foundation - European Documentation System). ESFEDS Database. On-line searchable version
available through the Global Plant Checklist of the International Organization for Plant Information - IOPI 1996–2007 (1996).
30. Tutin T., Heywood V., Burges A. & Valentine D. (eds) Flora Europaea Vols. 1-5 (Cambridge University Press: Cambridge, United
Kingdom, 1964–1980).

SCIENTIFIC DATA | 5:180135 | DOI: 10.1038/sdata.2018.135

17

www.nature.com/sdata/

31. Greuter W., Burdet H. M. & Long G. (eds) Med-Checklist. A Critical Inventory of Vascular Plants of the Circum-Mediterranean
Countries (Conservatoire et Jardin Botanique de la Ville de Genève/Botanischer Garten & Botanisches Museum Berlin-Dahlem:
Genève/Berlin, 1984-1989).
32. The Plant List. The Plant List, version 1.1 http://www.theplantlist.org (2013).
33. Govaerts, R. & Frodin, D. G. World Checklist and Bibliography of Fagales. On-line searchable version available through the
Global Plant Checklist of the International Organization for Plant Information (IOPI 1996-2007) http://bgbm3.bgbm.fu-berlin.
de/iopi/gpc/ (1998).
34. Pankhurst, R. Rosaceae Family Database. On-line searchable version available through the Global Plant Checklist of the International Organization for Plant Information - IOPI 1996-2007 http://bgbm3.bgbm.fu-berlin.de/iopi/gpc/ (2007).
35. Davis P. H. (ed) Flora of Turkey and The East Aegean Islands. Vols. 1-9 (Edinburgh University Press, 1965-1985).
36. De Bolòs, O. & Vigo, J. Flora dels Països Catalans. Vols. 1-4 (Editorial Barcino: Barcelona, ISBN: 84-7226-591-9 1984-2001).
37. Castroviejo S. (ed) Flora Iberica. Plantas Vasculares de la Península Ibérica e Islas Baleares. Vols. 1-21, Real Jardín Botánico-CSIC,
Madrid, Spain [detailed list of volume editors and genera authors at www.ﬂoraiberica.org] (1986–2015).
38. Boyle, B. et al. The taxonomic name resolution service: an online tool for automated standardization of plant names. BMC
Bioinformatics 14, 16, doi:10.1186/1471-2105-14-16 (2013).
39. Angiosperm Phylogeny Group. An update of the Angiosperm Phylogeny Group classiﬁcation for the orders and families of
ﬂowering plants: APG IV. Bot. J. Linn. Soc. 181, 1–20 (2016).
40. Pérez-Harguindeguy, N. et al. New handbook for standardised measurement of plant functional traits worldwide. Aust. J. Bot. 61,
167–234 (2013).
41. Garnier, E. et al. Towards a thesaurus of plant characteristics: an ecological contribution. J. Ecol. 105, 298–309 (2016).
42. Cornelissen, J. H. C. et al. (2003) A handbook of protocols for standardised and easy measurement of plant functional traits
worldwide. Aust. J. Bot. 51, 335–380 (2003).
43. Pausas, J. G., Lamont, B. B., Paula, S., Appezzato-da-Glória, B. & Fidelis, A. Unearthing belowground bud banks in ﬁre-prone
ecosystems. New Phytol. 217, 1435–1448 (2018).
44. Hernández-Serrano, A., Verdú, M., González-Martínez, S. C. & Pausas, J. G. Fire structures pine serotiny at different scales. Am. J.
Bot. 100, 2349–2356 (2013).
45. Paula, S., Naulin, P. I., Arce, C., Galaz, C. & Pausas, J. G. Lignotubers in Mediterranean basin plants. Plant Ecol. 217,
661–676 (2016).
46. American Psychological Association. Publication Manual of the American Psychological Association
272 (American Psychological Association: Washington, D.C, 2010).

Data Citation
1. Tavşanoğlu, Ç. & Pausas, J. G. Figshare https://dx.doi.org/10.6084/m9.ﬁgshare.c.3843841 (2018).

Acknowledgements
We thank Susana Paula for her contribution to BROT. We also thank Jose Navarro-Cano who shared
unpublished trait data for the current update. The Scientiﬁc Research Unit of Hacettepe University
funded several mutual visits by the authors (FBB-2015-7251, FBD-2017-13864, FBB-2017-14948). BROT
2.0 was performed under the framework of the FILAS (CGL2015-64086-P, Spanish government) and
PROMETEO/2016/021 (Valencia Government) projects.

Author Contributions
J.G. provided the idea and the design of the database. Ç.T. compiled most of the new data of BROT 2.0
and wrote the ﬁrst version of the manuscript. Ç.T. and J.G. wrote the ﬁnal version.

Additional Information
Competing interests: The authors declare no competing interests.
How to cite this article: Tavşanoğlu, Ç. & Pausas, J. G. A functional trait database for Mediterranean
Basin plants. Sci. Data 5:180135 doi: 10.1038/sdata.2018.135 (2018).
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional afﬁliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless indicated otherwise in
a credit line to the material. If material is not included in the article’s Creative Commons license and your
intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/
The Creative Commons Public Domain Dedication waiver http://creativecommons.org/publicdomain/
zero/1.0/ applies to the metadata ﬁles made available in this article.
© The Author(s) 2018

SCIENTIFIC DATA | 5:180135 | DOI: 10.1038/sdata.2018.135

18

