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1 | INTRODUCTION

With nearly 6,500 native vascular plant species and subspe-
cies, of which 28% are endemics (Buira et al., 2017), the Iberian
Peninsula (western Mediterranean) and its eastern Baetic offshore
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Abstract

Motivation: We accessed published and unpublished floristic sources to compile a
comprehensive species list of the Iberian-Balearic terrestrial vascular flora and gen-
erate AFLIBER, an accurate floristic database of georeferenced plant occurrence
records.

Main type of variable contained: Species distribution data totalling 1,824,549 plant
occurrence records corresponding to 6,456 species and subspecies.

Spatial location and grain: The western Mediterranean, including inland territories of
Spain, Portugal and Andorra and the adjacent archipelagos of Berlengas, Columbretes
and the Balearic Islands, covered by 6,316 UTM quadrangular grid cells of 10 km
resolution.

Time period: All distributional trustable records were considered to create the
AFLIBER database, most of them dating from the 1960s onwards.

Major taxa and level of measurement: Terrestrial vascular plant species and
subspecies.

Software format: Data are supplied as comma-separated text (csv) files.

KEYWORDS
Balearic Islands, biodiversity hotspot, geographical distribution, Portugal, Spain, vascular

plants

prolongation (the Balearic archipelago; Sabat et al., 2011) comprise
about one-quarter of the total vascular taxa of the Mediterranean
basin (c. 25,000 species), the world's third-richest plant biodiver-
sity hotspot (Fady & Concord, 2010; Myers et al., 2000). This out-
standing plant diversity prompted the Flora iberica (Fl) project in the
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mid-1980s, a long-lasting initiative aimed at synthesizing the knowl-
edge of systematic botany of the Iberian-Balearic region. Since then,
22 volumes have been published describing c. 5,600 species and
subspecies (Castroviejo, 1986-2019), providing valuable information
on whether a taxon is endemic to the region and in which adminis-
trative provinces it occurs. Yet, Fl is still a work in progress for two
main reasons. First, the last two volumes devoted to the grass family
Poaceae (c. 500 taxa in the region) are still underway. Second, there
is a continuous publication of new plant occurrences and revisions of
taxonomical treatments based on both classical and molecular sys-
tematics. Consequently, Fl also tackles new botanical publications
to collate newly described taxa and plant occurrences on its website
(http://www.floraiberica.es).

Besides, the Spanish plant information system, Anthos (http://
www.anthos.es/), was created soon after the Fl project to host
floristic occurrences, and it currently comprises c. 2 million plant
records georeferenced according to the standard European UTM
grid at 10 km resolution. A similar structure has been used for the
equivalent database of Portugal, Flora.On (https://flora-on.pt), and
many subnational biodiversity databases, atlases and/or red books
on plant distributions across this region (e.g., Bafares et al., 2004;
Villar et al., 1997-2001). Importantly, all plant records included in
Anthos, plus c. 13 million extra records from other databases, have
been uploaded to the Global Biodiversity Information Facility (GBIF;
https://www.gbif.org/), the largest source of Iberian plant distribu-
tional data hitherto.

Although we acknowledge the extraordinary value of open-access
biodiversity repositories, it should be noted that some records are
often duplicated, imprecise or of dubious nature (Gaiji et al., 2013).
Also, many records remain hardly accessible in non-digitized bibli-
ographical sources (e.g., data from red books or floristic atlases) and
restricted regional electronic repositories. Moreover, floristic infor-
mation is often dated and riddled with errors (Anderson et al., 2016;
Maldonado et al., 2015), which might have hampered fine-grained
plant macroecological studies in the western Mediterranean. For
instance, inflated omission error rates often force spatial analy-
ses to be conducted at coarse grains (e.g., Buira et al., 2017; Lobo
et al., 2001; Moreno-Saiz et al., 2013) that might not be appropriate
to inform conservation planning and policy-making.

In this data paper, we provide AFLIBER, a comprehensive database
connecting the up-to-date species list of the Iberian-Balearic vascular
native flora with its matching occurrence records rescaled to a stan-
dard UTM 10 km grain resolution. The outstanding characteristics of
this database are threefold: (1) it has been generated according to the
latest knowledge in floristics and taxonomy published for the region; (2)
it has reduced geographical biases by incorporating both subregional
databases broadly absent from previous wide-ranging repositories and
distributional information published in monographs, grey literature
and floristic articles; and (3) it provides occurrence records that were
filtered conservatively to minimize identification and georeferencing
errors (see Methods) by means of a combined automatic and manual
protocol undertaken by professional botanists specialized in the Iberian

flora. Thus, this dataset represents an unprecedented effort to support

botanical, biogeographical and macroecological studies in the western
Mediterranean by providing comprehensive and carefully curated plant

distributional information across the Iberian Peninsula.

2 | METHODS

The study area includes the Iberian Peninsula (mainland Portugal,
Spain and Andorra) and the adjacent archipelagos of Berlengas
(0.99 km?), Columbretes (0.19 km? and the Balearic Islands
(4,992 km?), altogether comprising 6,316 terrestrial 10-km-side UTM
grid cells (see Supporting Information Figure S2.1 in Supplement 2).

2.1 | Data compilation

First, we compiled all native vascular plant species and subspecies
included in the published volumes of FI (Castroviejo, 1986-2019).
Species in the Poaceae family (unpublished volumes) were obtained
from different sources, including a comprehensive monograph
by Romero-Zarco (2015), generic treatments published in recent
years (see supplementary bibliography in Supporting Information
Supplement 4a) and personal communications from experts in-
volved in the preparation of the Fl Poaceae volumes (i.e., C. Acedo,
personal communication; J.A. Devesa, personal communication).
Second, we conducted an exhaustive literature review to retrieve
all newly published taxa (until July 2020) that were missing in the
previous sources. Specifically, we revised the “new taxa” tab of the
FI website (www.floraiberica.es/miscelania/nuevos_taxones.php),
updated generic monographies and articles with newly recorded
or described species in the study area (see Supporting Information
Supplement 4a: Supplementary References). Taxa were considered
endemic whenever their distribution was limited to the study area,
including the northern slope of the Pyrenees (border with France),
thus following previous biogeographical accounts of the Iberian flora
(e.g., Buira et al., 2021; Moreno-Saiz & Sainz Ollero, 1992).

All distributional information at 10 km resolution was retrieved
from high-quality, trustable databases available from electronic re-
positories and published research papers (Supporting Information
Supplement 4b), including an unpublished database that was carried
out over 30 years of data compilation from non-digitized sources
(IberBal-Flora; see Supporting Information Supplement 4b). In order
to complement the survey, GBIF plant occurrence records with a min-
imum resolution of 10 km were imported using the “rgbif” R package
(Chamberlain et al., 2019). It is important to note that GBIF includes
large numbers of unverified records that do not reflect the native dis-
tribution of species (e.g., corresponding to ex situ cultivation, botani-
cal gardens). Thus, in order to tease apart doubtful and/or potentially
erroneous information conservatively, we filtered GBIF records to
include only those georeferenced within the limits of the adminis-
trative provinces of Spain, Portugal and Andorra where the species
occur according to Fl and other later reliable publications. Clearly

outlying observations were removed using the over function of the
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“sp” R package (Pebesma & Bivand, 2005). References on occurrence
records retrieved from GBIF are shown in the Supporting Information
(Supplement 4c). Furthermore, the resultant distributional maps were
explored visually one by one by the professional botanists of the team
(i.e.,, C.R.Z, ILR.G., J.C.M.S, L.S. and S.P) in search for erroneous or
doubtful occurrences and to amend potential information gaps manu-
ally on the basis of expert knowledge of the study region (Figure 1). A
listincluding 29,600 disregarded records is provided in the Supporting
Information (Supporting Information Table $3.3 in Supplement 3).

2.2 | Analysis of completeness

(Colwell &

Coddington, 1994) to detect unequally sampled areas across the

We used the nonparametric Chao2 estimator

territory. To do so, the study area was divided into administrative
provinces, following the FI scheme (Supporting Information Figure
$2.2 in Supplement 2). Each province containing fewer than fifty
10 km grid cells was merged with its nearest neighbouring one to
avoid extremely distinct sizes among them, making a total of 56
provinces (ranging from 4,500 to 21,700 km?). The analysis was per-
formed within provinces and for the complete territory as a single
unit, using the specpool function as implemented in the “vegan” R
package (Oksanen et al., 2019).

3 | RESULTS
3.1 | Species list and distribution data

A total of 6,456 native species and subspecies were compiled (5,681
species after collapsing subspecies), of which 2,142 are endemic to

2. Spatial distribution data

2.1 Distributional datasets

1. Species list
compilation

A

2.2 GBIF Search

GBIF trustable
records

GBIF  Provinces
records filter

WILEY-2

the study area (Table 1a). We gathered a total of 2,716,018 distribu-
tional records (Table 1b; Figure 2a) comprising 1,824,549 unique (i.e.,

and Biogeography Macreeeclon)

non-duplicated) occurrences at the 10-km-side grid-cell resolution
(Figure 2b). Plant occurrences were distributed across 6,303 grid
cells (99.8% of total cells), of which 6,177 included species that are
endemic to the study area (97.8% of the total; Figure 2c). Empty cells
(0.2%) generally corresponded to coastal cells, only covering inland
area in part, or to areas located between UTM transition zones.

3.2 | Database completeness

Floristic completeness for the entire study area was strikingly high
(98.57%), suggesting that the flora in the Iberian Peninsula is already
well known and well represented in our database. Indeed, when
investigated separately throughout administrative provinces, com-
pleteness estimates remained high overall, with values ranging be-
tween 85 and 96% (cf. Figure 2d).

4 | DISCUSSION

The outstanding plant diversity and geographical extension of the
Iberian Peninsula within the Mediterranean basin hotspot makes it
an ideal setting to advance our understanding of the Mediterranean
flora (Nieto Feliner, 2014), which has been greatly hampered by the
lack of a comprehensive source of regional plant distribution. Given
its size and exhaustive data curation, the AFLIBER database repre-
sents a major step towards filling in this central gap of floristic and
distributional knowledge in the western Mediterranean, having the
potential to become the new Iberian reference for future plant mac-
roecological, biogeographical and conservation studies. Indeed, with

4. Final AFLIBER
distributional information

3. Provisional maps and correction

FIGURE 1 Workflow for creation of AFLIBER. (1) We compiled all species described in Flora iberica (FI) and later monographs and
publications. (2) For each species in the list, we retrieved spatial distribution data in 10 km UTM cells, following a twofold procedure:
(2.1) we retrieved information from reliable datasets (see Supporting Information Supplement 4b); and (2.2) the GBIF occurrence records
were imported, disregarding occurrences with low coordinate resolution or that mapped away from the known distribution of the species
(provinces filter). (3) These data were plotted as provisional maps that were visually explored and corrected by experts to achieve (4) the

final result
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TABLE 1 Datafiles variable names and
description (data can be found on Dryad
at: https://doi.org/10.5061/dryad.gmsbc
c2kv)

Variable

Taxon
Scientific_Name

Endemic

Genus
Species
Subspecies

Class

Order
Family
GBIF_id

POW_Name

Definition

(a) AFLIBER_Species_list.csv

Genus, species and subspecies (if applicable) epithets
Accepted scientific name

Endemism of the Balearic Islands and/or the Iberian Peninsula
(including French northern Pyrenean slope)

Adopted taxonomical category
Adopted taxonomical category
Adopted taxonomical category

Taxonomical category according to the National Center for
Biotechnology Information (www.ncbi.nlm.nih.gov/guide/taxon
omy/)

Taxonomical category (according to NCBI)
Taxonomical category (according to NCBI)

Taxonomic numerical identifier in the Global Biodiversity
Information Facility (https://www.gbif.org/)

Accepted taxonomic name in Plants of the World online (www.
plantsoftheworldonline.org)

(b) AFLIBER_Distributions.

csv
Taxon
UTM.cell

References

its 6,456 species and subspecies, this database not only approaches
the 6,500 taxa estimated by Buira et al., (2017), but also elevates the
number of endemic Iberian taxa to 2,142 species and subspecies.
These numbers posit a higher figure than earlier accounts of Iberian
plant diversity (Buira et al., 2017, 2020; Sainz-Ollero & Moreno-
Saiz, 2002), representing an increase in endemics above 30% and
thus equalling Iberian plant endemicity level to that of the Anatolian
Peninsula in the Eastern Mediterranean (Davis et al., 1988).
Interestingly, this pattern is much in line with earlier studies that rec-
ognized both ends of the Mediterranean basin as major centres of
plant endemism (Médail & Quézel, 1997).

It is important to note that, despite all the efforts to detect mis-
takes and misidentifications, the AFLIBER database might include
some erroneous records and taxonomic treatments that are still sub-
ject to debate. Yet, bearing in mind that our knowledge of the Iberian
flora remains incomplete, AFLIBER is certainly the most exhaustive
and refined Iberian plant database published hitherto, representing a
major improvement over other popular repositories of distributional
information widely used in the past. For instance, the latest update
of Anthos, the main source of reference for Iberian plant distribution
so far, dates back to 2016 (L. Medina, personal communication).

Although floristic completeness across the study area was ac-
ceptable (see Figure 2d), we note that some territories have been
less prospected (Figure 2a) or lack distributional information in
standard UTM grid cells (i.e., atlases), particularly towards western

and southern areas. Such gaps of floristic knowledge might lead to

Genus, species and subspecies (if applicable) epithets
UTM 10-km-side grid cell where the taxon is recorded

Sources from which the occurrence data were obtained.
Numerical references correspond to those shown in the
Supporting Information (Supplement 4b)

unbalanced accounts of distributional information, which could be
addressed both by future prospection conducted in poorly sampled
areas and by georeferencing extant information treasured in her-
baria. Nevertheless, distinct levels of plant diversity across Iberian
territories might also respond to natural processes. For example,
plant species richness peaked in mountainous regions (see Figure 2b;
Castro-Parga et al., 1996; Lobo et al., 2001), whereas human mod-
ification of natural ecosystems has led to depauperated levels of
diversity over the centuries in certain areas, such as inner depres-
sions and fertile river basins. A similar pattern can be observed for
endemic species, which are particularly abundant in mountain re-
gions, such as the Pyrenees, the Cantabrian range and, especially,
in the Sierra Nevada (Baetic range), the hottest spot of floristic di-
versity in the Mediterranean (Blanca et al., 1998; Buira et al., 2021;
Heywood, 2003).

The essence of the AFLIBER database lies in taxonomic botany, a
discipline that is slowly disappearing from academic curricula (Crisci
et al., 2020). This ongoing crisis in botany is attributable, in part, to the
bibliometrics that are used to judge the impact of scientific research,
which often undermine plant taxonomy despite it being the basis of
many downstream disciplines, such as ecology, biogeography and con-
servation biology (Crisci et al., 2020; Woodland, 2007). Nonetheless,
professional and amateur Iberian botanists continue to generate price-
less floristic and taxonomic data, and the recently constituted Spanish
Botanical Society will take up the challenge of maintaining taxonomic

botany alive as a foundational task, including data curation of the
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FIGURE 2 AFLIBER database number of (a) occurrences; (b) species richness (i.e., non-duplicated occurrences); (c) endemic species
richness per 10 km UTM cell; and (d) percentage of regional floristic completeness

AFLIBER database and the incorporation of the two last volumes of
Flora iberica (Poaceae) and other relevant essays in due course.
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