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Building and managing large datasets of alien species is crucial to research, management, 
and control of biological invasions. To this end, the European Alien Species Information 
Network (EASIN) platform aggregates, integrates, and harmonizes spatio-temporal data 
regarding alien species in Europe, including both invasive and non-invasive alien species. 
These data are stored in the EASIN Geodatabase after their harvesting from relevant 
sources in the frame of a global and European databases partnership and scientific 
literature. The ownership of the data remains with its source, which is properly cited 
and linked. The process of data harvesting is performed through the EASIN Data Broker 
system, which retrieves the information related to alien species data in Europe and 
stores them in a normalized database structure. Data are subsequently refined through 
validation, cleansing, and standardization processes and finally stored in the EASIN 
Geodatabase. All data are finally visualized and shown in occurrence maps at different 
levels of spatial visualization. Analysis of the data contained in the EASIN Geodatabase 
through flexible web services offered by the system has already provided useful input 
in scientific works and policies on biological invasions. Data from European Union (EU) 
member state official surveillance systems, within the framework of the EU Regulation 
1143/2014 on invasive alien species, are expected to contribute to the update of the 
EASIN Geodatabase. In addition, data from citizen science initiatives will further enrich 
the Geodatabase after appropriate validation. In this article, we describe and discuss the 
technical aspects, data flow and capabilities of the EASIN Geodatabase.
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InTRoDUcTIon

There are more than 14,000 alien species that have been reported so far in Europe (Katsanevakis 
et al., 2015). About 10% of them correspond to invasive alien species (IAS) based on the Tens Rule 
(Williamson and Fitter, 1996). IAS threaten or adversely impact upon biodiversity and related ecosys-
tem services of Europe [Millennium Ecosystem Assessment (MEA), 2005; Ricciardi et al., 2013; EU, 
2014; Jeschke et al., 2014]. As a conservative estimate, IAS cost the European Union (EU) Member 
States €12 billion in damages on annual basis (Kettunen et al., 2009) but cumulated costs probably 
reach €20 billion per year (IEEP, 2016). In addition, there is an increasing trend toward introduction 
of new alien species (Essl et al., 2015; Roques et al., 2016; Seebens et al., 2017). Recognizing the need 
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TABle 1 | European Alien Species Information Network (EASIN) Data Partners 
and details on their technology, access, and update schedule in the EASIN 
Geodatabase.

Data partner Technology Access Update 
schedule

Global Biodiversity Information Facility Web service Online Monthly

Global Invasive Species Information 
Network

MS access 
DB

Offline No 
schedule

Regional Euro-Asian Biological Invasions 
Center

MS SQL DB Online 
restricted

Monthly

Hellenic Network on Aquatic Invasive 
Species (ELNAIS)

ArcGIS DB Offline No 
schedule

International Commission for Scientific 
Exploration of the Mediterranean Sea 
(CIESM)

ArcGIS DB Offline No 
schedule

EASIN-LIT Excel file/
ArcGIS DB

Offline Monthly

HCMR-European Environmental Agency Excel file Offline No 
schedule

International Union for Conservation of 
Nature online information system for 
monitoring invasive non-native species in 
marine protected areas (MEDMIS)

PostgreSQL 
DB

Online 
restricted

Monthly

Marine Mediterranean Invasive Alien 
Species

Excel file Offline No 
schedule

Norwegian Biodiversity Information Center Excel file Offline No 
schedule
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for a coordinated set of actions to prevent, control, and mitigate 
the adverse impact of IAS on biodiversity and related ecosystem 
services, the European Parliament and the Council have adopted 
the EU Regulation no. 1143/2014 (EU, 2014; hereafter referred 
to as the IAS Regulation) on the prevention and management of 
the introduction and spread of IAS, which entered into force on 
January 1, 2015.

Managing large datasets of alien species is crucial to research, 
management, and control of biological invasions. Handling such 
large datasets poses a great challenge, since the information 
available is generally scattered across many different information 
systems and databases (Panov and Gollasch, 2004; Gatto et al., 
2013). In addition, data format and information about the data 
(metadata) are frequent limitations to the interoperability of data 
repositories and information systems (Katsanevakis et al., 2012).

The European Alien Species Information Network (EASIN1) 
aims to provide a single repository of alien species data for access-
ing all the information necessary to underpin alien-species-related 
policy and evidence-based decision-making (Katsanevakis et al., 
2013a). A key component of the EASIN system is the EASIN 
Catalog: a comprehensive list of alien species in Europe, currently 
including information on more than 14,000 taxa in a wide range 
of environments. Both invasive and non-invasive alien species 
are included. IAS are tagged as “high-impact” species in EASIN 
and are considered those that are highlighted by the lists of 
Delivering Alien Invasive Species Inventories for Europe, Global 
Invasive Species Database, NOBANIS (European Network on 
IAS), CABI’s Invasive Species Compendium, MedPAN (Network 
of Marine Protected Areas managers in the Mediterranean), and 
SEBI-2010 (list of worst IAS threatening biodiversity in Europe; 
Streamlining European 2010 Biodiversity Indicators), to cause 
severe ecological and socio-economic impacts in Europe and/
or globally. Other species are tagged as “low/unknown impact” 
species (see also Katsanevakis et al., 2012). In the latest version 
of EASIN (v.4.1), there are 908 species tagged as “high-impact,” 
while 13,102 species are tagged as “low/unknown impact.”

For each alien species of the EASIN Catalog information is 
available on the year and country of the first record in Europe, 
alien status (alien, cryptogenic, questionable), native range, 
taxonomy, synonyms, common names, environment, pathways, 
vectors, and impact. Links to factsheets are also provided for 
selected taxa (Katsanevakis et al., 2015). Given the vast amount 
of information recorded in EASIN and the need for constant 
updating and revision, an Editorial Board has been established 
to ensure the quality and updates of the information contained 
in the EASIN Catalog (Tsiamis et al., 2016).

Besides the EASIN Catalog, EASIN provides aggregated and 
integrated spatial data on alien species in Europe as well as online 
mapping tools for the retrieval of these data, through the EASIN 
Geodatabase. All spatial data are visualized and shown in occur-
rences maps at different levels (country, grid 10  km  ×  10  km, 
river basin, marine ecoregion). In the current paper, we demon-
strate the approach, functionality, and technical background of 
the EASIN Geodatabase, which is the backbone of the EASIN 

1 http://easin.jrc.ec.europa.eu.

network, responsible for the collection, quality control, harmo-
nization, integration, storage, visualization, and dissemination of 
large datasets on alien species in Europe, coming from various 
sources.

DeScRIpTIon oF The eASIn 
geoDATABASe

Data Sources
The EASIN Geodatabase hosts about 50 millions of alien spe-
cies spatial data (i.e., records) across Europe, all originating 
from a network of data sources, named as EASIN Data Partners 
(Table 1). These are global, regional, and national databases or 
repositories that have agreed to provide EASIN with spatial infor-
mation of alien species in Europe. These sources do not always 
contain alien species data exclusively, but they might host broader 
species biodiversity information, including also native species in 
Europe, such as in the case of Global Biodiversity Information 
Facility. However, EASIN performs a targeted harvesting only to 
species which are considered alien or partly alien in the whole 
European scale (see Data Harvesting). Ownership of the data 
remains with its source, which is properly cited and linked in the 
EASIN Geodatabase. The EASIN Data Partners gain increased 
visibility and networking possibilities through EASIN, and can 
also benefit from mutual data exchange. Additional and updated 
spatial data are being gathered through EASIN-Lit (Trombetti 
et  al., 2013), which contributes to enriching the Geodatabase 
with geo-referenced data published in the scientific literature. By 
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EASIN 
Catalogue Database Data Partner

EASIN 
Staging Database

EASIN 
GeoDatabase

EASIN 
Data Broker

Species scien�fic names + synonyms Species data (name, loca�on, year, source)

EASIN 
Data Processing

EASIN 
Mapping Services

Valida�on, cleansing, standardiza�on, Geocoding

Normalized structure (EASIN Data Model), na�ve range check

Data aggregated by layer, species, first and last 
date, loca�on, data partner and reference

Well Known Text nota�on 

Loca�ons projected to the European Terrestrial Reference System1989

OGC Services

FIgURe 1 | Data flow in the European Alien Species Information Network (EASIN) Geodatabase.
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March 2017, 11 data sources have been included as EASIN Data 
Partners.

Data harvesting
The targeted information for the EASIN Geodatabase is the alien 
species spatial data in Europe, regardless if they are invasive or 
not. These can also include partly native species in Europe, i.e., 
species which are alien in some areas of Europe but native to some 
others. The process of harvesting information is done through 
the EASIN Data Broker system (Figure 1). This system is able to 
retrieve heterogeneous species data from different categories of 
data sources and formats and store them in a normalized database 
structure. In more detail, it screens and harvests information from 
the EASIN Data Partners based on the scientific names of the 
alien species listed in the EASIN Catalog. The EASIN Data Broker 
system identifies only the binomial of each species, without taking 
into consideration the species scientific authorities. As a result, 
typos and/or various formats of the species authorities in other 
sources do not affect the harvesting of the targeted information. 
In addition, scientific synonyms of each species are considered 
during harvesting. This is achieved through the information 

contained in the EASIN Catalog. For each species in the Catalog 
all scientific synonyms are also included, based on the Integrated 
Taxonomic Information System for terrestrial and freshwater 
species, and the World Register of Marine Species (WoRMS) for 
marine species. Thus, the EASIN Data Broker system can spot 
and harvest information based not only on the species binomial 
but also on its scientific synonyms.

Once the EASIN Data Broker system spots the binomial of a 
species within a dataset of an EASIN Data Partner, it will harvest 
targeted information about the specific species: (a) its location 
(name of the area and/or coordinates), (b) its date of collection 
(year), and (c) a reference to the original source of the record. 
Inside the EASIN system each Data Partner has a specific data-
base and unique identifier. For each new data harvesting of a Data 
Partner a new dataset with related metadata is created.

Data processing
Once harvested, the data are processed through different 
transformation steps: validation, cleansing, standardization, and 
geocoding (Figure  1). The validation and cleansing processes 
verify if the harvested data contain all the required information 
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(species name, date, location, reference), and if the reported 
location falls in one of the countries included in the EASIN 
geographical coverage of Europe.2 In case the harvested data 
contains spatial information through coordinates, a further 
verification checks if the reported location corresponds with the 
relevant environment of the species. This is achieved through the 
information contained in the EASIN Catalog for the environment 
of each species (terrestrial, freshwater, marine, oligohaline—see 
also Katsanevakis et al., 2015). As a result, the verification check 
can spot a mismatch of a species environment compared with 
a geo-reference occurrence. Thus, a record containing a terres-
trial or freshwater species reported in the sea will be discarded. 
Similarly, a marine species reported in a terrestrial or freshwater 
location will be also excluded. After validation and cleansing, the 
information is standardized following the EASIN Data model. 
This model organizes and normalizes the information coming 
from the Data Partners. During this process unique identifiers 
for locations and references are created.

The format of the aggregated spatial information regarding 
the locations is varying across the EASIN Data Partners. To this 
end, a conversion of this information is performed through the 
Well Known Text (WKT3) markup language, ensuring interoper-
ability of the spatial information aggregated. Spatial information 
retrieved from the Data Partners is stored in the coordinate 
system of World Geodetic System 1984 (WGS84).4 In case the 
original information contains the location of a record in a different 
coordinate system, a re-projection process is performed through 
Arc GIS. When no coordinates are available, a conversion of cited 
place names or maps to a spatial format is performed with the 
best possible accuracy through the Google Geocoding.5

Staging Database
After the data have been processed, the information is moved 
to a normalized intermediate database, named EASIN Staging 
database (Figure 1). This structure allows transformation of the 
information in data formats that can be used for specific pur-
poses, e.g., for serving the EASIN mapping (see Geodatabase and 
Mapping Services). In addition, through the Staging database the 
information can be transformed to the schemas required by the 
INSPIRE Regulation (INSPIRE Framework Directive 2007/2/EC; 
EU, 2007; INSPIRE, 2013). The EASIN Staging database contains 
the information about the location and the references in separate 
data collections in order to reduce data redundancy (e.g., one 
location may be reported in several different records) and improve 
data integrity (Figure 2). In this phase, the dates of the records are 
approximated to years, while locations are processed to contain 
the spatial information also in the European Terrestrial Reference 
System 1989 (ETRS89)6 for coordinates. In the EASIN Staging 
database, the locations are intersected with the EASIN layers, in 
order to show in which country, grid cell 10 km × 10 km, marine 
ecoregion or river basin they fall. This process is fundamental for 

2 https://easin.jrc.ec.europa.eu/Catalogue.
3 https://en.wikipedia.org/wiki/Well-known_text.
4 https://en.wikipedia.org/wiki/World_Geodetic_System.
5 https://developers.google.com/maps/documentation/geocoding/intro.
6 https://en.wikipedia.org/wiki/European_Terrestrial_Reference_System_1989.

creating data aggregations by layers. The data are also processed 
against the information contained in the EASIN Catalog regard-
ing the native range of a partly native species in Europe. This 
information is available in the EASIN Catalog in country-level. 
Once a partly native species is harvested from a Data Partner, the 
Staging database marks which occurrences fall inside countries 
which have been tagged as “native range” for the certain species 
in Europe. For example, if a partly native species in Europe is 
considered native in Italy, based on the information contained in 
the EASIN Catalog, then all harvested occurrences of the species 
falling in Italy will be set as native. The native range of the partly 
native species in Europe can be updated by the EASIN Editorial 
Board.

geodatabase and Mapping Services
The EASIN Geodatabase is populated by extracting the data 
from the Staging database, aggregated by layer, species, first and 
last date, location, data partner, and reference (Figure 1). The 
result is a data format suitable for providing all the necessary 
information needed by the EASIN mapping services, which 
visualizes alien species occurrences’ maps. The maps can be cre-
ated at four levels, as many as the EASIN layers: by country, grid 
10 km × 10km (based on EEA, 2012 reference grid), river basins, 
and marine ecoregions. When it comes to partly native species 
in Europe, their occurrences falling in countries which have 
been tagged as “native range” are depicted in a different color 
compared with the occurrences falling in countries tagged as 
“alien range.” All the maps are exposed through Open Geospatial 
Consortium (OGC7) compliant services as Catalog Service for 
the Web, Web Map Service, and Web Feature Service.

Aiming at more tailored distribution maps of alien species in 
Europe, the EASIN Geodatabase can filter the related information 
based on the selection of the environment (terrestrial, freshwater, 
marine, oligohaline), species status (alien, cryptogenic, question-
able), specific taxonomic groups (in various taxonomic levels 
from species to Kingdom), and pathways of introduction based 
on the scheme proposed by Hulme et al. (2008). Regarding the 
latter EASIN will gradually align its pathways categorization to 
the one proposed by the Convention of Biological Diversity (CBD, 
2014) aiming at achieving synchronization and harmonizing of 
information on alien species pathways (Tsiamis et  al., 2017a). 
Moreover, a distinction between high-impact and low-impact 
alien species is possible when depicting the occurrences maps.

IMpAcT oF The eASIn geoDATABASe

The EASIN Geodatabase has been used to support scientific 
research on biological invasions, addressing (a) distribution pat-
terns (Katsanevakis et al., 2013b,c), (b) pathways and gateways of 
introduction (Katsanevakis et al., 2013c, 2014; Nunes et al., 2014, 
2015; Essl et al., 2015; Roques, 2015; Pergl et al., 2017; Tsiamis 
et al., 2017a), (c) risk and impact assessments of invasive species 
(Katsanevakis et al., 2014, 2016; Perdikaris et al., 2016), and (d) 
Horizon Scanning exercises (Roy et al., 2015).

7 http://www.opengeospatial.org/.
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EASIN Staging Database (v3.0)
Schema of the Normalized Records

FIgURe 2 | Schema of the normalized records in the European Alien Species Information Network (EASIN) Staging Database, containing the information about the 
location and the references in separate data collections.
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European Alien Species Information Network constitutes the 
core information system supporting MS in the implementation 
of the IAS Regulation (EU, 2014, Art. 25). The 37 IAS of Union 
concern, published in the Commission Implementing Reg. 
1141/2016 in application of the IAS Regulation, are all included in 
EASIN and tagged distinctively as “Union concern.” The informa-
tion stored in the EASIN Geodatabase regarding these 37 taxa has 
been used as the basis for the establishment of a distribution base-
line of those species in terms of the IAS Regulation. This baseline 
is an important tool supporting the implementation of the IAS 
Regulation, the Art. 16 in particular regarding early detections 
of the IAS of Union concern, and also provides a factual basis 
for the review of the application of the IAS Regulation (Tsiamis 
et  al., 2017b). In addition, information found in the EASIN 
Geodatabase has been used for the review of the EU Biodiversity 
Strategy, especially when it comes to spatial patterns of the main 
pathways of introduction of alien species into Europe, including 
both invasive and non-invasive species (EU, 2015).

chAllengeS AnD SolUTIonS

Handling heterogeneous information coming from different 
sources and providing maps to the users requires to address two 
main challenges: (a) harmonizing of the information coming 
from different data sources and (b) minimizing the time required 
for showing a map to the user.

Normalizing the data (references and locations) and using 
a unique format for storing the information has been crucial 
for further managing the data and producing integrated maps 
and reports. In particular, aside the effort on implementing the 
data processes, the solution has been the choice to use only one 
projection (WGS84) for uniquely identifying the locations. Each 
EASIN Data Partner has its own particular data model, storage 
type, publishing approach, and standards that require a specific 
EASIN data brokering procedure (Table 1).

The EASIN Geodatabase output is to provide to the users 
occurrences maps of alien species in Europe. Taking into account 
the vast information included in the Geodatabase and the pro-
cessing of it, there has been a challenge to visualize maps in the 
EASIN interface through the shortest possible time. In order to 
improve the reading performance, the first solution implemented 
has been the de-normalizing and grouping of some information. 
After the massive update of EASIN Geodatabase during 2016, 
which reached the amount of almost 50 million of data processed, 
it has been clear that the de-normalization solution was not 
enough anymore, considering also the large amount of space 
occupied by the redundant information. The solution has been 
found in the creation of a “dynamic query pre-cooking.” Every 
time a user sends a query to the Geodatabase, the result of the 
query is stored in a specific location. Thus, a unique identifier 
is built for each query result through a hash algorithm. If a user 
sends a query already present in the EASIN Geodatabase the 

http://www.frontiersin.org/ICT/
http://www.frontiersin.org
http://www.frontiersin.org/ICT/archive


6

Deriu et al. The EASIN Geodatabase

Frontiers in ICT | www.frontiersin.org July 2017 | Volume 4 | Article 20

system retrieves the final result without further processing. Any 
new release of the Geodatabase results in deleting the current 
pre-cooked queries, as the aggregations in the new release may 
differ from the previous one.

Maps provided by the EASIN Geodatabase are exclusively 
based on the information provided by the EASIN Data Partners. 
However, this information might be biased due to varying 
monitoring efforts, geographical coverage, environment, and 
taxonomic groups addressed in each original dataset of an EASIN 
Data Partner. As a principle, EASIN targets to be enlarged with 
as many Data Partners as possible hosting information on alien 
species in Europe. Then, it is up to the user to select only the Data 
Partners which are considered more appropriate for an optimal 
visualization of occurrences of alien species in Europe and cor-
rect the data from potential biases.

FUTURe DeVelopMenTS

Up to March 2017 there have been 11 EASIN Data Partners, but 
at least 7 new ones will be integrated in EASIN by the end of 
2017: Icelandic Institute of Natural History, Academy of Science 
of Moldova, National Biodiversity Data Center—Ireland, Great 
Britain Non-Native Species Secretariat, Croatian Agency for 
the Environment and Nature, Azorean Biodiversity Portal, Life 
Project STOPVESPA.

The EASIN Geodatabase will be further enriched by records 
of IAS of Union concern [EU, 2014, Art. 3(3) and 4(1)] submit-
ted by the EU Member States’ Competent Authorities for the 
IAS Regulation in an Early Warning and Rapid Eradication 
Notification System (NOTSYS), developed with close links to 
EASIN. Through this system, the European Commission and 
all Member States are notified about new occurrences of IAS of 
Union concern detected on EU territory. NOTSYS is also used 
for reporting eradication measures as well as their effectiveness, 
as foreseen in Art. 16-17 of the IAS Regulation.

In addition, it is under consideration that data of alien spe-
cies coming from citizen science initiatives in Europe (e.g., 
the JRC smartphone application “Invasive Aliens Species in 
Europe”—Tsiamis et  al., 2017c), which are increasingly recog-
nized as an important source of alien species data (Thiel et al., 
2014; Adriaens et al., 2015; Daume, 2016), will further enrich the 
EASIN Geodatabase after appropriate validation. In this context, 
the EASIN Geodatabase could offer an aggregation and harmo-
nization point for data coming from all citizen science projects 
related with alien species in Europe.

Prioritization of areas which are most sensitive and/or suscep-
tible to biological invasions is critical for their effective manage-
ment (McGeoch et al., 2015). To this end, the EASIN Geodatabase 
will include an additional layer within its mapping services on 
the Natura 2000 conservation network, in the frame of the Birds 
Directive (EU, 2009) and the Habitats Directive (EU, 1992).  
Moreover, the inclusion of the Marine Strategy Framework 
Directive (EU, 2008) marine regions as a distinct layer in EASIN 
maps is also under consideration. This would facilitate suitable 
filtering of the related information regarding marine alien species 
in terms of the Directive’s purposes. In addition, the linkage with 
the IAS Regulation will not be limited exclusively to the 37 IAS of 

Union concern, but to a wider context of the EASIN Geodatabase 
species, taking into account the possible inclusion of additional 
species in the Union concern list, and the establishment of species 
of “Regional,” “Member State” concern, and IAS of EU “outermost 
regions” (Art. 11, 12, and 6, respectively, of the IAS Regulation).

Speeding up the data processing is a critical aspect for any 
procedure that integrates data from different sources and requires 
constant update. In particular, when spatial information is 
shown on aggregated maps, as in the case of EASIN, a less time- 
demanding data process is required. In order to retrieve huge 
amounts of data, such as in the case of the grid 10 km × 10 km, the 
usual approach of processing the information record by record 
cannot be the most efficient approach. A location is usually shared 
among different records, thus the number of locations is less than 
the number of records. Therefore, locations can be processed faster 
than records. To this end, the locations must be normalized, as  
in the EASIN Staging database, before being processed. By adopt-
ing this approach in EASIN, the time required for processing 
millions of records can be reduced from weeks to hours.

conclUSIon

Tackling biological invasions effectively relies on the availability 
of up-to-date scientific information, and requires the sharing 
of knowledge on the topic in order to enhance science-based 
decision-making (Panov et  al., 2011; Katsanevakis et  al., 2012; 
McGeoch et al., 2012; Roy et al., 2014; Groom et al., 2017a). In 
addition, it is crucial to have a single aggregation point, where 
available knowledge on alien species from various data sources is 
integrated, harmonized, and standardized (Panov and Gollasch, 
2004; Katsanevakis et  al., 2013a; Ojaveer et  al., 2014). This 
knowledge should be openly displayed in ways that is findable, 
accessible and interoperable, encouraging exchange, and dissemi-
nation of data with other existing data platforms (Groom et al., 
2015, 2017b; Lucy et al., 2016), in line with the EU Open Science 
Strategic Priority, and the plan of the Commission to develop the 
European Open Science Cloud (EU, 2016).

European Alien Species Information Network is the core of the 
information support system supporting the implementation of 
the IAS Regulation, while at the same time there has been a linkage 
with the EU Biodiversity policy. Connection with other policies 
on alien species, such as the MSFD and Natura 2000 sites is also 
under consideration. Therefore, it is crucial that the information 
provided by the EASIN Geodatabase is of high quality, updated, 
accessible, and easily processed by all interested stakeholders.

European Alien Species Information Network, through the 
EASIN Geodatabase, offers both a single aggregation point of 
alien species spatial data and flexible services for mapping alien 
species occurrences within Europe. EASIN works in partnership 
with European and global data providers to facilitate access to 
key data and information on alien species, promotes the princi-
ples of open-source, ensures accreditation of data publishers and 
data owners, highlights the work of other initiatives, increases 
their visibility, and facilitates direct access to the original 
information/data.

The number of alien species data processed by the EASIN 
Geodatabase will considerably increase in the near future due to 
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the incorporation of new EASIN Data Partners, NOTSYS data, 
and citizen science data. This additional amount of information 
will test the efficiency and endurance of the EASIN Geodatabase, 
and possibly new adaptations and technical solutions might 
be needed. In addition, the continuous growth of the EASIN 
Geodatabase will test the soundness of the statistical correlations 
performed based on EASIN data, such as in the case of the analy-
ses on pathways of introduction or distribution patterns of alien 
species. This is because bigger data sets could result in higher 
bias and bring up spurious correlations (Silver, 2012; Donoho 
and Jin, 2015) with possible implications to outcomes crucial to 
biological invasions research and to related policies. To this end, 
careful selection of data and appropriate statistical design should 

be ensured in order to limit correlated errors when handling big 
data sets (see also Moustakas, 2017 and references therein).
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