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Large-scale biodiversity databases encompass three main types of data for plants, namely single species point occurrences, co-
occurrences in vegetation plots, and checklists for specific areas. Evidence shows that such data types exhibit specific biases, 
reporting different species assemblages at local scales. We used the Mediterranean Basin, a global biodiversity hotspot with 
more than 2200 islands larger than 0.01 km2, to compare island vascular plant diversity patterns emerging from occurrence 
data (Global Biodiversity Information Facility; GBIF), vegetation plots (European Vegetation Archive; EVA), and species 
checklists (Global Inventory of Flora and Traits; GIFT). We aggregated plant data at the island level and compared geographic 
coverage, inventory completeness, and taxonomic coverage among these data sources. The combined databases accounted for 
8702 species distributed on 790 islands (35.6% of the target islands). Data availability increased from small (26.8%) over 
medium (75.7%) to large islands (100.0%). Spatial coverage of databases on a 30 × 30 km grid was high for GBIF (52.8%) 
and EVA (45.4%), and low for GIFT (21.7%). GIFT provided higher native and alien species richness values for most of the 
islands, whereas GBIF and EVA consistently missed a considerable fraction of the expected species richness. Taking GIFT 
as reference, GBIF, and to a lesser extent EVA, showed a positive bias towards perennial species and an underrepresentation 
of annuals. Despite their lower taxonomic coverage, GBIF and EVA data can complement our knowledge on Mediterranean 
islands’ plant diversity, providing data for islands lacking plant inventories. Moreover, GBIF and EVA’s large datasets can be 
used for investigating other levels of ecological organisation and modelling single species (GBIF) or population (EVA) trends 
over space and time. Finally, our results advocate for a coordinated effort to fill the knowledge gaps through data collection 
and digitisation, possibly integrating data collected by experts by means of citizen science initiatives.

Keywords: Data gaps, European Vegetation Archive, Global Biodiversity Information Facility, Global Inventory of Flora and 
Traits, Mediterranean islands, Vascular plants

Introduction

Large-scale biodiversity databases have enabled unprecedented 
advances in plant ecology and biogeography (Wüest  et  al. 
2020) by making biodiversity data widely accessible in stan-
dardized formats (Chytrý et al. 2016, Bruelheide et al. 2019, 
Weigelt  et  al. 2020, Govaerts  et  al. 2021, Heberling  et  al. 
2021). This availability of data has provided new insights on 
how plant diversity is geographically distributed, thus unveil-
ing global patterns of taxonomic diversity (Sabatini  et  al. 
2022, Cai et al. 2023, Tordoni et al. 2024), trait distribution 
(Díaz et al. 2016, Bruelheide et al. 2018, Midolo et al. 2024), 
and endemism hotspots of island ecosystems (Schrader et al. 
2024).

Species richness is considered one of the simplest and most 
direct measures to quantify plant diversity. The knowledge 
of how species richness is spatially distributed is particularly 
relevant for geographical units with discrete natural boundar-
ies like islands (Warren et  al. 2015, Whittaker  et  al. 2017, 
Schrader  et  al. 2025), where the number of species results 
from ecological and biogeographical processes (Schrader et al. 
2024). Despite the great potential offered by large databases 
in documenting plant diversity, their outputs are inherently 
biased by the different nature of raw data (e.g. point occur-
rences, community data from vegetation plots, regional lists; 
König et al. 2019). Additionally, data collection often focuses 
on easily accessible locations (Ahrends et al. 2011) and varies 
widely across taxa (Troudet et al. 2017). Consequently, vari-
ous data sources may provide contrasting patterns of species 
diversity, with differences in spatial data coverage (Nori et al. 
2023), absolute species richness, or in the list of taxa reported 
(Wenk et al. 2024). Furthermore, they may be affected to dif-
ferent extents by omission errors (false negatives, i.e. species 
that occur in an area but are not recorded) and commission 

errors (false positives, i.e. species incorrectly reported to occur 
in an area) (Rondinini et al. 2006).

Here, we focus on the three major types of available plant 
diversity data: single species occurrences (e.g. the Global 
Biodiversity Information Facility: GBIF; GBIF.org 2026), 
site-specific co-occurrences in vegetation plots (e.g. the 
European Vegetation Archive: EVA; Chytrý  et  al. 2016), 
and species checklists (e.g. the Global Inventory of Flora and 
Traits: GIFT; Weigelt et al. 2020). Point occurrence data indi-
cate the presence of a species at a given location, enabling us 
to map species distributions across different scales, e.g. with 
the use of species distribution models (Meyer  et  al. 2016, 
Heberling et al. 2021). The largest open-access provider for 
point occurrence data is the GBIF database, which collates 
data from regional and national plant occurrence databases 
and natural history collections (e.g. herbaria), and increas-
ingly supplements them with occurrence records from citizen 
science projects (e.g. the iNaturalist platform). GBIF repre-
sents an increasingly important source of biodiversity data 
(Heberling et al. 2021), currently including over 520 million 
records for vascular plants worldwide (GBIF.org 2026).

Vegetation plot data consist of lists of species found in an 
area of fixed size at a given location, along with corresponding 
cover values. This type of data is primarily used to describe 
species co-occurrence patterns and habitat affinities, as well as 
population- and community-level dynamics (Garbolino et al. 
2012, Hortal et al. 2015, Knollová et al. 2024). Among large-
scale vegetation plot databases, EVA (Chytrý et al. 2016) is a 
continent-wide example for Europe and adjacent countries, 
including data from 108 individual databases and over 2 mil-
lion plots.

Floras and checklists list all species found within a dis-
tinct geographical entity such as a country, region, moun-
tain range, or an island. Therefore, they allow comparisons 
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of biodiversity inventories among different areas. However, 
checklists can be heterogeneous (e.g. focusing only on 
selected groups of taxa) and may inflate diversity by including 
information collected from the same site at different times 
(Chiarucci et al. 2011). GIFT (Weigelt et al. 2020) is one of 
the most complete global checklist databases, providing plant 
data for 3400 distinct geographical regions worldwide, with a 
particular focus on islands (Schrader et al. 2024).

While checklists aim to report the overall species diversity 
of an area, lists obtained by aggregating point occurrences 
or vegetation plot data are usually missing a fraction of the 
overall local diversity (Garcillán and Ezcurra 2011, Alba et al. 
2021, Wenk et al. 2024), as largely relying on opportunistic or 
unevenly distributed point records. Additionally, plant species 
with conspicuous traits (e.g. taller and with coloured flowers 
– also called ‘charismatic’ species) are usually overrepresented 
in citizen science data (Adamo  et  al. 2021, Mesaglio  et  al. 
2023), as they are easily detectable in the field. In contrast, 
vegetation plot data typically reflect a preferential choice of 
sampling locations (Chiarucci 2007, Michalcová et al. 2011), 
which can result in good coverage of locally common species 
(e.g. Poaceae species) and a concurrent underrepresentation 
of rare or non-targeted species (Garcillán and Ezcurra, 2011).

The Mediterranean Basin is a global biodiversity hotspot 
(Médail and Myers 2004) and contains a large number of 
islands harbouring many endemic and range-restricted spe-
cies (Médail 2022). This basin offers a valuable research 
opportunity to compare island plant diversity recorded by 
different data sources, given that plant data collection for 
scientific research has been ongoing for nearly two centu-
ries on these islands (Chiarucci et al. 2017). This process is 
facilitated by the recent MEDIS database (Santi et al. 2024), 
which provides spatial and environmental data for the 2217 
Mediterranean islands larger than 0.01 km2 and enables a 
straightforward data retrieval from biodiversity databases.

Here, we test the comprehensiveness of vascular plant 
diversity data captured by three databases that focus on dif-
ferent types of plant diversity data, namely, EVA, GBIF, and 
GIFT for Mediterranean islands in MEDIS. We highlight the 
strengths and identify the gaps and biases of each database, 
by focusing on three key dimensions of data availability: 1) 
geographic coverage, 2) inventory completeness, and 3) taxo-
nomic representation. We use GIFT as a reference to evaluate 
GBIF and EVA completeness for 2) and 3), given the current 
lack of a consolidated repository of Mediterranean islands’ 
floras. Our approach offers crucial insights to guide future 
efforts in data collection and integration, and a foundational 
step towards the development of a comprehensive plant spe-
cies database for the Mediterranean islands.

Material and methods

Data preparation
The number of islands present in the Mediterranean Basin 
has been reported to be up to 11  000 (Médail 2022) but 
many of them are really small in size. For this analysis, we 

included the 2217 islands with an area size larger than 0.01 
km2 that are reported in the MEDIS database (Santi  et  al. 
2024). The island shapes from MEDIS were used to extract 
plant data from GBIF, EVA, and GIFT.

We retrieved occurrence data for vascular plants into R 
ver. 4.4.2 (www.r-project.org) from the GBIF portal (GBIF.
org 2023), using the ‘rgbif ’ R package (Chamberlain et al. 
2022), filtering for Mediterranean islands records and 
obtaining 1  339  587 occurrences (GBIF.org 2024). We per-
formed multiple data checks and ran validation procedures as 
detailed below, to further mitigate biases and errors in GBIF. 
In particular, we first harmonised the nomenclature using the 
Taxonomic Name Resolution Service (TNRS; Boyle  et  al. 
2013), via the ‘TNRS’ R package, with World Checklist 
of Vascular Plants (WCVP; Govaerts 2025) as a taxonomic 
reference, and retrieved family information for each spe-
cies. Taxa not identified nor matched at the species level 
were removed (2235 records). We also excluded records not 
directly referring to wild individuals (‘living specimen’; 57 
records), keeping only occurrence data recorded in the field 
(‘human observation’, ‘occurrence’, ‘preserved specimen’; see 
Chamberlain et al. 2022 for detailed specification of GBIF 
syntax). As mislocated records can severely affect biodiversity 
patterns (Maldonado et al. 2015), we removed occurrences 
with location uncertainty > 500 m (313  660) or missing 
(369  177), in line with previous studies (de Araujo  et  al. 
2022, Melis et al. 2025). We used the ‘CoordinateCleaner’ 
R package (Zizka  et  al. 2019) to exclude all records that 
were duplicates, or fell in proximity to country capitals 
and centroids (46  754). We also excluded marine species 
(Cymodocea nodosa, Halophila stipulacea, Posidonia oceanica, 
Zostera marina and Z. noltii; Marbà et al. 2013, Winters et al. 
2020; 533 records) and hybrids (0 records). The final dataset 
encompassed 607  171 occurrences, accounting for 5046 spe-
cies distributed across 464 islands, corresponding to 33  465 
distinct island–species combinations.

From the European Vegetation Archive (Chytrý  et  al. 
2016), we retrieved all plots falling inside the island polygons 
of MEDIS. We obtained 44  101 plots and excluded 40 of 
them as reporting non-vascular plant taxa only. We then asso-
ciated each of the remaining 44  061 plots to its respective 
island, obtaining data for a total of 376 islands. We also digi-
tised newly published and unpublished sources not already 
included in EVA, adding 1560 plots on 105 islands, with 
70 new islands not previously covered by the EVA database. 
These new plots have been made available to EVA through 
the AMS-VegBank database (Alessi  et  al. 2022). The final 
dataset consisted of 45  621 plots. After nomenclatural har-
monisation and removal of hybrids, unidentified taxa, and 
marine species, we obtained a dataset made up of 4575 spe-
cies distributed across 446 islands, corresponding to 45  522 
distinct island–species combinations.

We retrieved island vascular plant checklists from GIFT 
ver. 3.2, via the ‘GIFT’ R package (Denelle  et  al. 2023), 
selecting those belonging to single islands of MEDIS. We 
applied the specific filter ‘suit_geo==1’ to retain checklists 
considered comprehensive in GIFT and exclude partial lists 

 16000587, 0, D
ow

nloaded from
 https://nsojournals.onlinelibrary.w

iley.com
/doi/10.1002/ecog.08128 by C

ochraneItalia, W
iley O

nline L
ibrary on [10/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.r-project.org


Page 4 of 14

(e.g. accounting for endemic species only; see Denelle et al. 
2023 and related tutorials for detailed use of the ‘GIFT’ R 
package). After taxonomic harmonisation and filtering out of 
hybrids, records not identified at the species level and marine 
species, we obtained a dataset made up of 7737 species dis-
tributed across 269 islands, corresponding to 83  366 distinct 
island–species combinations.

For each island, we distinguished between native and 
alien species in two ways. GIFT records already provided 
this information; we extended the GIFT attribution to the 
same species–island pairs occurring in GBIF and EVA. For 
other records, we retrieved information from the Global 
Naturalized Alien Flora database (van Kleunen et al. 2019) 
and checklists at the country level or, when available, from 
more localised checklists (e.g. those concerning one single 
archipelago). The long history of human presence in the 
Mediterranean region has significantly shaped the species 
assemblages on these islands (Pausas 1999, Vogiatzakis et al. 
2016, Chiarucci et al. 2017, Médail and Pasta 2024), often 
complicating assessment of species status at the island level 
(Adams 1909, Hughes and Convey 2012). Therefore, in the 
alien subset, we only included neophytes, i.e. species intro-
duced after 1500 C.E., considering archaeophytes (i.e. spe-
cies introduced before 1500 C.E.) within the natives.

For each database, we then merged species records at the 
island level and retrieved checklists for each island. Following 
Santi et al. (2024), we categorized islands based on their sur-
face area as ‘small’ (0.01–1.00 km2), ‘medium’ (1–100 km2), 
and ‘large’ (> 100 km2). We then summarised and compared 
the number of islands covered by each database and the spe-
cies richness for both native and alien taxa. We did not apply 
any exclusion filter based on island species richness to effec-
tively assess the overall data availability.

Statistical analysis
To visualise the geographic coverage of the three databases, 
we aggregated the islands into squared grid cells with a reso-
lution of 30 × 30 km, selecting the 443 cells intersecting with 
the island centroids. Each island was assigned to one grid cell 
only, based on the location of its centroid. For each database, 
we calculated the ratio of islands with at least one species 
occurrence compared to the total number of islands per cell 
in MEDIS. To highlight the geographic gaps, we calculated 
the same metric by pooling together all the databases.

To evaluate the inventory completeness, we calculated and 
compared the island species richness reported by each data-
base. We then calculated the Island Species–Area Relationship 
(ISAR), by fitting the Arrhenius power function with the ‘sars’ 
R package (Matthews et al. 2019b) for both native and alien 
species. The power function is considered the most robust 
ISAR model across many island systems (Matthews  et  al. 
2019a) and taxonomic groups (Dengler et al. 2020). Given the 
disproportionately higher number of alien species reported by 
GIFT for Corsica (1642) compared to recent checklist (533 
alien taxa; Puddu et al. 2016), we computed the GIFT alien 
ISAR model both including and excluding Corsica, to check 
for any relevant difference between the model fits.

Due to the highly incomplete data for alien species in all 
the databases, we focused the following analyses on the native 
subset only.

As we selected comprehensive checklists from GIFT, we 
took it as a reference to evaluate the degree of completeness 
of GBIF and EVA species lists. We used the GIFT ISAR 
model to retrieve the expected values of species richness 
for the islands in MEDIS. We then calculated the negative 
or positive deviations of GBIF and EVA values from the 
expected ones as the difference between the observed and the 
expected value, divided by the expected one. We then applied 
two filters of sampling completeness to islands in GBIF and 
EVA (species richness respectively > 50% and > 75% of the 
expected value), to compare their distribution with the geo-
graphic coverage previously pointed out.

We analysed the taxonomic representation of GBIF and 
EVA in comparison with GIFT for the 63 islands the three 
databases had in common. We calculated species rank-fre-
quency curves (Mouillot and Lepretre 2000), with frequency 
values reported as the number of islands of occurrence. 
Among the first 100-ranked species, we evaluated GBIF and 
EVA frequency patterns compared to GIFT, in terms of plant 
life strategies and phylogeny. For the first pattern, we catego-
rised the species as ‘annual’ or ‘perennial’, retrieving data from 
the FloraVeg.EU portal (Dřevojan et al. 2023, Chytrý et al. 
2024). For the phylogenetic comparison, we selected five 
of the species richest families of the Mediterranean flora, 
i.e. Asteraceae, Fabaceae, Lamiaceae, Orchidaceae, Poaceae, 
which also account for charismatic species (e.g. Orchidaceae) 
or common species often neglected by non-experts (e.g. 
Poaceae). We accounted for the first 100-ranked species only, 
to avoid a homogenisation of the frequency patterns due to 
the high number of species (GBIF: 4212; EVA: 3780; GIFT: 
6066). Finally, we calculated and compared the ratios of 
unique species reported by pairs of databases for their shared 
islands, to visualise their relative contributions in reporting 
taxonomic diversity.

Results

GBIF, EVA and GIFT provided plant occurrence data for 
464, 446, and 269 islands, respectively (Supporting infor-
mation), covering a total of 8702 species of vascular plants 
distributed on 790 islands, i.e. 35.6% of the islands reported 
in MEDIS (Supporting information). The overall availabil-
ity of data combining the three databases greatly increased 
from small (26.8%) over medium (75.7%) to large islands 
(100.0%). Similarly, the proportion of islands found in all the 
databases was 0.2% for small islands, 8.5% for the medium, 
and 65.3% for the large ones (Fig. 1).

Geographic coverage
The spatial distribution of islands with species data from the 
GBIF and EVA databases was largely overlapping (Fig. 2a–b), 
with most of the records located between southern France and 
central Italy, and within the Dalmatian, Ionian, and Aegean 
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archipelagos. Whereas GBIF and EVA covered 234 (52.8%) 
and 201 (45.4%) grid cells, respectively, GIFT only covered 
96 (21.7%) cells, with records mainly clustered within the 
Dalmatian, Ionian, and Aegean archipelagos (Fig. 2c). Of 

the 77 islands along the North African–Near East coast, 61 
were not covered by any of the three databases (Fig. 2d), 
which provided data only for Algeria (4 islands out of 19; 
21.1%) and Tunisia (12 islands out of 41; 29.3%, Supporting 

Figure 1. Bar chart showing the proportion of Mediterranean islands > 0.01 km2 with plant occurrences in none (0), one (1), two (2), or 
all three (3) databases (EVA, GBIF, and GIFT). Islands are grouped on the basis of their size: a) small islands: 0.1–1.0 km2, b) medium 
islands: 1–100 km2, c) large islands: > 100 km2, d) all the islands.

Figure 2. Geographic distribution of Mediterranean islands with plant occurrence data in GBIF (a), EVA (b), GIFT (c), and with cumula-
tive data from the three databases (d). Islands are aggregated in grid cells with a 30 × 30 km resolution. The cell colour represents the pro-
portion of islands covered by each database with respect to the total number of islands per cell.
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information). Among the most island-rich countries, Turkey, 
Greece, and Croatia were represented by 12.5% (34 islands 
out of 271), 35.9% (312 islands out of 868), and 38.2% 
(240 islands out of 629), respectively. Moreover, France had 
a notably high data coverage, reaching 89.5% (68 islands out 
of 76), with Corsican islands almost totally represented (37 
islands out of 42; Fig. 2a–b), compared to nearby Sardinian 
islands (14 islands out of 78; Fig. 2d). Apart from Sardinia, 
Italy was well covered by GBIF (62 islands; 33.9%) and EVA 
(81 islands; 44.3%), compared to GIFT (2 islands; 1.1%).

Inventory completeness
Native species richness per island had broader ranges in GIFT 
(5–2704 species), compared to GBIF (1–2171 species) and 
EVA (2–1761 species; Supporting information). Similarly, 
alien species richness per island had the broadest range in 
GIFT (1–1642 species; GBIF: 1–254 species; EVA: 1–61 
species; Supporting information). Sicily was the island rich-
est in native species both in EVA and GIFT, whereas Corsica 
was the richest for both native and alien species in GBIF, and 
the richest in alien species in GIFT; Crete was the richest in 
alien species in EVA.

Considering native species, GIFT checklists had most 
species in 152 (95.6%) of the 157 islands in common with 
EVA or GBIF (Supporting information). EVA reported more 
species than GIFT in 4 small islands (area range: 0.03–0.34 
km2), whereas GBIF had higher species richness than GIFT 
in one medium island (Nisida Kastos, Greece: 6.06 km2; 
Supporting information). GBIF native richness was equal 
to or lower than 5 species in 192 islands (41.4%). When 
compared, GBIF and EVA showed opposite patterns for 
native and alien subsets (Supporting information), with EVA 
accounting for more native species than GBIF in 178 islands 
(77.1%), and GBIF reporting more alien species than EVA 
in 74 islands (71.8%).

When considering ISAR patterns (Table 1, Fig. 3), the 
models based on GIFT had the highest species estimates for 
unit area (natives: c = 182.2; aliens: c = 23.7), and the lowest 
values for the z parameter (natives: z = 0.27; aliens: z = 0.30), 
as well as the best fit for native species (R2

adj = 0.94) and for 
alien species excluding Corsica (R2

adj = 0.92; with Corsica 
included R2

adj = 0.27).
The number of islands with respectively at least 50% and 

75% of the species richness expected from the ISAR model 
based on GIFT was lower in GBIF (28 islands with more 
than 50% of expected species; 13 islands with more than 
75%) than in EVA (111 islands with more than 50% and 53 
with more than 75%; Supporting information).

Taxonomic coverage
The species rank-frequency distribution for the 63 islands 
shared by the three databases showed that GIFT systemati-
cally reported higher frequency values than GBIF and EVA 
and a longer tail of ranked species (Fig. 4a).

Within the first 100-ranked species in the three databases, 
GBIF and EVA had lower proportions of annual species than 
GIFT and higher proportions of perennial species (Fig. 4b). 

EVA and GIFT showed similar patterns for the frequency 
of the selected families (Fig. 4c), whereas GBIF exhibited 
marked differences, especially for Orchidaceae and Poaceae, 
with respectively higher and lower values than the other two 
databases.

GIFT reported the large majority of the islands’ species 
diversity, but GBIF and EVA also provided a significant 
proportion of species not included in GIFT (Supporting 
information).

Discussion

This study presents the first comparison of plant species 
diversity as documented by three major large-scale plant 
diversity databases, each representing a different type of 
data format: species occurrences (GBIF), vegetation plots 
(EVA), and plant checklists (GIFT). We assessed their cover-
age across the full set of Mediterranean islands larger than 
0.01 km2, a testing ground for ecological and biogeographical 
analyses located within a global biodiversity hotspot (Médail 
and Myers 2004). Despite being one of the botanically most 
explored regions globally (Chiarucci  et  al. 2017, Médail 
2022), we found that plant species data were available for 
790 islands only, namely less than 40% of the islands larger 
than 0.01 km2 occurring in the basin. Our findings there-
fore revealed substantial knowledge gaps (sensu Hortal et al. 
2015) that persist even in such a relatively well-explored area. 
Our results also showed clear and consistent differences in 
the type and extent of data each of the three formats provides 
(Table 2).

Evaluating taxonomic completeness is challenging because 
it requires a reliable reference list. Among the three databases 
compared here, GIFT resulted in being the most compre-
hensive from the taxonomic point of view, as it specifically 
compiles checklists and floras designed to include all known 
species on a target island. In general, checklist data, as in 
GIFT, are considered the most authoritative source of plant 
occurrence information for a given area (Brummitt  et  al. 
2021), as they are typically curated and verified by local 
expert botanists. Although some taxa may still be missing, 
this bias is likely small (König et al. 2019).

Table 1. Summary of the parameters associated with the ISAR 
Arrhenius power function model fitted for the Mediterranean islands 
by using plant occurrence data obtained by EVA, GBIF, and GIFT. 
GIFT* indicates the ISAR model for GIFT alien species excluding 
Corsica.

​ Database
No. of 
islands c z R2

adj

Native species GBIF 460 20.8 0.43 0.74
EVA 446 38.0 0.36 0.65
GIFT 269 182.2 0.27 0.94

Alien species GBIF 230 2.9 0.43 0.71
EVA 153 1.1 0.34 0.31
GIFT 39 23.7 0.30 0.27
GIFT* 38 10.8 0.32 0.92
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Figure 3. Island Species Area Relationship models for native (left) and alien species (right). The model is based on the Arrhenius power 
function: S = c × Az, where S is the species richness, A is the island area, c and z are two parameters respectively estimating the number of 
species per unit area and the rate of increase of species richness with increase of island area. The power model is graphically represented here 
in the log–log scale.

Figure 4. Taxonomic comparison of the species reported by GBIF, EVA, and GIFT for the 63 shared islands, in terms of frequency abun-
dance values (a), frequency of annual and perennial species (b), and frequency of five species rich families in the Mediterranean region (c), 
i.e. Asteraceae, Fabaceae, Lamiaceae, Orchidaceae, and Poaceae. In (a) all the species are considered, whereas in (b) and (c) the first 
100-ranked species only are considered.
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Using GIFT as a baseline, we found that checklists derived 
from GBIF and EVA consistently missed a fraction of the 
expected species diversity. This finding was further supported  
by the predominantly negative residuals in the Island Species–
Area Relationship when GBIF- and EVA-derived checklists 
are compared to the GIFT-based ISAR. Indeed, GBIF and 
EVA are primarily designed for different research targets, 
such as analysing species distributions (GBIF) or abundance 
patterns (EVA), rather than providing exhaustive plant occur-
rence inventories.

However, the number of islands covered by GIFT was 
much lower than the number of islands with plant occurrence 

data available from GBIF and EVA, especially in the case of 
small islands. Therefore, GBIF and EVA data can still sig-
nificantly complement our knowledge of plant diversity in 
Mediterranean islands, providing additional information on 
species occurrences and preliminary checklists for islands not 
covered by GIFT. In addition, we see potential that despite 
the aim of completeness, GIFT checklist data can still be sup-
plemented by species recorded in GBIF or EVA (Alessi et al. 
2023).

It is important to note that we did not apply any tempo-
ral filters to the record; therefore, our retrieved species lists 
represent the full set of species that have occurred on each 

Table 2. Summary of the main biases, limitations, and data opportunities related to GBIF, EVA, and GIFT for the Mediterranean islands in 
MEDIS. Cited references provide theoretical and technical context to the mentioned topics. GBIF = Global Biodiversity Information Facility; 
EVA = European Vegetation Archive; GIFT = Global Inventory of Flora and Traits.

​ Bias Limitations Data quality References

GBIF Taxonomic bias: over-
representation of 
perennial versus annual 
species and 
‘charismatic’ taxa; 
under-representation of 
inconspicuous groups 
(e.g. Poaceae).

Geographic bias: 
occurrences are often 
clustered in easily 
accessible areas or near 
research centres 
(opportunistic sampling 
bias)

Spatial and taxonomic errors: 
high incidence of false 
positives (commission errors), 
coordinate inaccuracies, or 
unresolved synonyms requiring 
intensive data cleaning.

Incompleteness: frequently 
misses a significant fraction of 
expected species richness (false 
negatives) compared to 
complete checklists. Few 
species occurrences provided 
for large part of the islands

High spatial resolution: 
enables fine-scale Species 
Distribution Models 
(SDMs) for individual 
taxa.​

Temporal analysis: huge 
volume of data (including 
historical collections and 
citizen science) allows for 
the assessment of spatial 
and temporal trends.

Data for uninventoried 
areas: provides 
preliminary biodiversity 
data for islands lacking 
formal checklists

Heberling et al. 2021 
(GBIF overview),

Troudet et al. 2017 
(taxonomic bias),

Adamo et al. 2021 (citizen 
science bias),

Maldonado et al. 2015 
(spatial errors)

EVA Preferential sampling: 
plots are often located 
in ‘typical’ or well-
preserved vegetation 
types (phytosociological 
bias), potentially 
ignoring marginal or 
degraded habitats. 
Potential avoidance of 
sites impacted by alien 
species.

Taxonomic bias: tends to 
under-represent rare or 
non-target species not 
captured within 
standard plot sizes

Irregular geographic coverage: 
reflecting survey investigations 
and digitisation activities -> 
significant gaps in specific 
regions (e.g. Sardinian, North 
African islets)

Underestimation of regional 
flora: captures only the 
diversity intercepted by plots, 
not the full species pool of an 
island/region

Community data: provide 
unique insights into 
species co-occurrence 
and habitat affinities.

Abundance data: availability 
of cover-abundance scales 
allows for analysis of 
dominance patterns and 
population dynamics, 
which is impossible with 
presence-only data

Chytrý et al. 2016  
(EVA overview),

Michalcová et al. 2011  
(plot sampling bias)

GIFT Source heterogeneity: 
checklists vary in 
accuracy, taxonomic 
focus, or sampling 
effort depending on the 
original author and 
compilation date.

Temporal data 
aggregation: 
cumulative checklists 
may include extinct or 
historical records, 
potentially 
overestimating current 
diversity

Low spatial resolution: data are 
aggregated at the island or 
political region level, 
preventing local-scale or 
micro-habitat analyses.

Limited coverage: covers fewer 
islands compared to GBIF/EVA, 
particularly regarding very 
small islands. Low coverage on 
alien species as mainly 
targeting native species lists

Taxonomic coverage: 
comprehensive lists allow 
calculation of species 
composition changes 
between islands but also 
through time; baseline 
checklists for all sorts of 
other analyses.

Biogeographical analyses: 
ideal for robust Island 
Species–Area 
Relationships (ISAR) and 
macroecological 
modelling at the regional 
scale

Weigelt et al. 2020  
(GIFT overview),

König et al. 2019, 
Schrader et al. 2024
(biodiversity data 

integration)
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island during the time periods of investigation, rather than 
a snapshot of current floras. This distinction is crucial, given 
the increasing recognition of the need for repeated surveys to 
monitor island biodiversity over time (Schrader et al. 2025) 
and the high temporal turnover dynamics of their communi-
ties (Panitsa et al. 2008, Chiarucci et al. 2017, Matthews and 
Triantis 2021, Schrader et al. 2023).

Geographic coverage
The limited number of islands with at least one species occur-
rence highlights the need for new survey campaigns and fur-
ther data digitising to improve knowledge of plant diversity 
across Mediterranean islands, especially in the poorly sur-
veyed areas, such as the southern and eastern margins of the 
Mediterranean Basin (Nieto Feliner 2014). Indeed, while 
most of the Algerian islands have been surveyed in recent 
decades (Hamimeche  et  al. 2024), these data have not yet 
been included in GIFT or EVA, whereas GBIF has data for 
only four of them. A similar pattern applies to Italian islands, 
for which floras (e.g. Pontine islands: Anzalone and Caputo 
1976; Sardinian islands: Arrigoni and Bocchieri 1996; Tuscan 
Archipelago: Chiarucci et al. 2017) are available in the pub-
lished literature but not yet integrated into GIFT. In contrast, 
the high coverage of vegetation plot data on 81 Italian islands 
(44.3%) is attributable to targeted digitisation projects (e.g. 
the small islands’ focus within the AMS-VegBank database in 
EVA; Alessi et al. 2022).

The urgency of filling geographic data gaps was also ampli-
fied by the very low number of islands with considerable spe-
cies richness in GBIF and EVA, which further reduced their 
geographic coverage. Digitising existing species occurrence 
data is therefore of paramount importance, also to improve 
data accessibility for research and conservation purposes 
(Maddock and Samways 2000, Pullin and Knight 2005).

On a long-term basis, establishing a comprehensive data-
base of available floras would also facilitate the strategic plan-
ning of field surveys, e.g. pointing out both undersampled 
areas in need of initial data collection and sites that should be 
prioritised for long-term monitoring programmes.

Inventory completeness
The ISAR patterns estimated by different types of plant diver-
sity data indicated that the choice of data source significantly 
influences both model fitting and parameter estimates, with 
GIFT yielding results that more closely align with those 
obtained from complete floras in several Mediterranean archi-
pelagos (see Table 1 in Chiarucci  et  al. 2021b). Therefore, 
ISAR based on GIFT data was useful for comparison with 
the other two databases. However, the relatively low coverage 
on small and medium islands may affect the model parame-
ters and may result in imprecise description of ISAR patterns 
for Mediterranean islands.

GBIF and EVA ISAR patterns mirrored those of the 
GIFT model, although the absolute values of c and z param-
eters differed, as already found by Chiarucci et al. (2021a). 
In particular, GBIF and EVA reported lower values for c 
and higher values of z compared to GIFT, in line with the 

patterns shown by remote archipelagos (Chiarucci  et  al. 
2021b), which are known to be species-poor compared with 
archipelagos closer to the mainland (Matthews and Triantis 
2021). Similarly, c and z values for the native GBIF model 
are highly influenced by the considerable number of islands 
with few species, resulting from opportunistic rather than 
systematic data collection (Adamo et al. 2021). Species rich-
ness data are indeed well known to be sensitive to changes 
in sampling effort, which depends on the duration and sea-
sonality of surveys, the number of scientists involved, and 
other factors (Sastre and Lobo 2009, Petřík  et  al. 2010, 
Guarino et  al. 2022, Klímová et  al. 2025). This phenome-
non affects many facets of biodiversity investigations, from 
the basic knowledge of distribution patterns (Petřík  et  al. 
2010) to the study of global change effects (McDonald and 
Brown 1992, Arnillas  et  al. 2017) or the planning of con-
servation actions (Ahrends et al. 2011). This limitation has 
been conceptualised in different concepts, from the ‘botanist 
effect’, which predicts that places where scientists are more 
present tend to have more species occurrence data (Moerman 
and Estabrook 2006, Ahrends et al. 2011), to the Wallacean 
shortfall, which states that knowledge about the geographic 
distribution of most species is incomplete (Lomolino 2004, 
Hortal  et  al. 2015). The observed biodiversity patterns are 
also influenced by the long history of human presence on 
Mediterranean islands (Pausas 1999, Vogiatzakis et al. 2016, 
Chiarucci et al. 2017, Bradshaw et al. 2024, Médail and Pasta 
2024), possibly resulting in different plant assemblages from 
prehistoric times (Carine and Menezes de Sequeira 2020, 
Orihuela‐Rivero et al. 2025) due to alien species introduc-
tion and habitat modification.

Alien species data appeared to be more fragmented com-
pared to natives, suggesting that botanists probably paid less 
attention to – or deliberately avoided – recording non-native 
plants. The recent increase of alien species introduction 
could also influence the observed lack of data (Seebens et al. 
2017). EVA, in particular, lacked comprehensive information 
on the presence of alien species, as the recording scheme of 
vegetation plot data largely relies on preferential choice of 
sampling locations (Michalcová  et  al. 2011), which could 
have resulted in partial avoidance of sites impacted by alien 
species or strongly affected by anthropogenic disturbance 
(Axmanová  et  al. 2021). However, vegetation plot data 
provide valuable information on the abundance patterns 
of alien plants in local communities (Guarino  et  al. 2021) 
and could be used for a basin-scale assessment of alien inva-
sion (Cao Pinna et al. 2024), given their broad coverage of 
Mediterranean islands. Moreover, the relative abundance of 
alien species records from GBIF could make them particu-
larly useful to detect early stages of the naturalisation process 
of alien plants (Gallo and Waitt 2011, Johnson et al. 2020).

Taxonomic coverage
GBIF and EVA not only underestimate current island spe-
cies richness, but also provide considerably lower frequency 
values for species, due to their sampling strategies which usu-
ally miss rare taxa (D’Antraccoli et al. 2020). Therefore, this 
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potential bias should be taken into account when employing 
these data for models that strongly rely on spatially accurate 
information, like species distribution models (Lomba et  al. 
2010, Jeliazkov et al. 2022, Rocchini et al. 2023). Moreover, 
we found a strong prevalence of perennial or charismatic spe-
cies among GBIF records, and a parallel neglect of common 
but easily overlooked species (e.g. grass species), in line with 
previous studies (Troudet  et  al. 2017, Adamo  et  al. 2021, 
Marcenò et al. 2021b). Systematic bias, more than random 
errors, can cause consistent distortions in diversity estimates, 
with more serious implications for conservation planning and 
macroecological inferences (Hortal et al. 2015, Meyer et al. 
2016). For example, systematic underestimation of diversity 
in certain regions or taxonomic groups might make some areas 
appear less important for conservation, leading to an ineffi-
cient allocation of resources (Nori et al. 2023). Conversely, 
incorrect overestimation could divert attention away from 
truly critical areas. Despite our extensive data cleaning steps 
to filter out potentially erroneous GBIF records, we acknowl-
edge that part of the included data could still contain errors, 
as it is normal in this type of extensive database. This poten-
tial issue is intrinsic to GBIF and could influence biodiversity 
assessments by overestimating the real species diversity (e.g. 
records from cultivated individuals treated as occurring in 
the wild; López-Guillén et al. 2024) or by reducing the vari-
ability (e.g. inability to identify distinct congeneric species 
belonging to critical groups; Popp  et  al. 2025). While our 
results suggested that a large part of GBIF diversity is nested 
within GIFT, we recommend a specific study assessing the 
validity of the GBIF species records not shared with GIFT.

Future perspectives
Our study gives insights to trace the future direction of data 
collection and integration. We recommend a coordinated 
initiative for the Mediterranean Basin to fill the identified 
data gaps. Such an achievement would encourage analo-
gous actions for other biological groups (e.g. as done by 
Bonardi  et  al. 2022, Tonelli and Lobo 2025), eventually 
allowing multi-taxa investigations.

On a general point of view, promoting interoperabil-
ity among major database formats (GBIF, EVA, GIFT) will 
streamline data sharing and usage. To enhance the quality and 
completeness of biodiversity data on island ecosystems world-
wide and reduce systematic biases, a multi-pronged strategy is 
essential. First, digitising legacy data such as regional floras and 
herbarium records is crucial to fill existing geographic gaps. 
Ensuring regular updates to detect and report ongoing changes 
and processes (e.g. species turnover, extinction rate) should 
follow, especially for invasive or newly introduced alien spe-
cies. Targeted field campaigns should prioritise under-sampled 
islands and overlooked taxa, while improvements in metadata 
quality will support better data integration and analysis.

Citizen science initiatives, guided by expert validation 
(Maldonado et al. 2015), can significantly boost data collec-
tion (Mason et al. 2025, Mesaglio et al. 2025, 2026), par-
ticularly for under-recorded species groups or alien species 
(Marcenò et al. 2021a). It is equally important to implement 

robust data curation processes to validate and clean records 
across platforms. Finally, long-term success depends on secur-
ing sustained funding and institutional support to maintain 
and expand biodiversity data infrastructure throughout the 
Mediterranean region.
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