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1 OVERVIEW BLIVERABLE D1.1

1.1 INTRODUCTION

Thisreportaims to assess the relevant data sources on biodiversity on a European and global
scale. The assessment particularly evaluates theajagsilable biodiversity information
sources and, after outlining the most important gaps, to identify priorities for improving the
data availability and to give recommendations of how the gaps can be closed. The gap
analysis has a focus on biodiversityfdrmation on a European scale and is based on an
assessment of current marine, terrestrial and freshwater biodiversity data sources. The gaps
are evaluated against the needs of the different stakeholders; this includes the demands frorm
European policy (ke the EU biodiversity strategy to 2020), international relevant processes
(like the Convention on Biodiversity and the Aichi biodiversity targets) and the scientific
community.

There are various requirements for biodiversity data, and the gap anatysimaiheck how

far these requirements are metpresentavailable dataOn the one handhe underlying
information needs to meet specific criteria so that it could be used for scientific analysis and
on the other hanthe data should fulfill the needsrfpolicy makers on a European scale.
Thus, within the process of the gap analysis, a set of categories were developed to define
under which aspects the available biodiversity sources should be evaluated to assess the
quality and coverage of the datasetse Tesults of the gap analysis will give some needed
background information on the usability of data sources and datasets for other work
packages of EU BON, particularly for partners that will analyze the data for patterns,
processes and trends.

The resuts of the gap analysis of data sources will not only focus on outlining main gaps in
terms of data quality and coverage, but also on drafting recommendations for improving data
availability and data access on a European scale. This will help to devettgirges for
European biodiversity information managemestwell as for datenobilizationefforts and

Citizen Science approachiesthe project.

1.2 PROGRESS TOWARDS GBJTIVES

The work of thedeliverableis divided irto several sections, outlining differeaspects of
biodiversity information,evaluatingthe most important questions on biodiversity, the
underlying data sources on a European scale and highlighting the most important gaps in
general, combined with a detailed analysis of the gaps of someeseldata sets.
Specifically,this deliverablecontributes in fulfilling the following aims of the work package

1

A Evaluation of relevant information so
coverage, accessibility, quality, and format, as a basia fdetailed gap analysis with
regard to GEO BON needs.

A Ildentifying gaps of information sources



1.3 ACHIEVEMENTS AND CBENT STATUS

The current activities in the gap analysis can be divided imonfiain sections:

1. Screening of scope and aims of the gap analysis

The first phase of the gap analysis in Task 1.3 was an initial planning phase to outline how
the gap analysis should be conducted and what approaches are needed. Some firsi
discussions toolplace at a meeting of the Informatics Task Growpich was held in
Trondheim, Norway (Initial Informatics Workshop, iZ8. May 2013) and in a conference

call some weeks later.

2. Finding the target high level questions for biodiversity

The surveylidHugemstienws on Bi ddaskherEd i BON 0 w
partners of the relevant work packages on their view regarding the most important questions
that a European Biodiversity Observation Network should answer. The high level questions
should help tgrioritize and structure the EU BON work on gaps in biodiversity datasets.
The questions were based on the needs of European environmental policy and what
scientists see as the most relevant questions. To determine the most important questions, the
online questionnaire wadistributedto EU BON partners of the work packages 1,2,3,4 and

to some paitipantsfrom other projects.

In the survey, there were 29 proposed questions, divided in seven sesgenér{nex L

The partners could rank each of theghdievel questions' regarding biodiversity on a
European scale by using a drdpwn menu. The importance of the question could be ranked
from 5 (highly relevant) to 1 (less relevanthe participants were also asked to evaluate the
availability of data ({fom 51, i.e. from very good to poor data quality) and list bagiality

data sources that should be integrated in the EU BON gap analysis and that could be
potentially used as valuable datasets on a European level. From the highest ranked question:
the mast relevant questions were chosen and a set of seven target high level questions were
defined at the Work Package 1 meeting in Stockholm in January 2014.

Overall, 25 partners of EU BON or related projects participated in the survey. There were
894 specificvotes that ranked the relevance of the questions and data availability of datasets.
The partners that participated in the survey were from 15 different countries (Belgium,
Denmark, Estonia, Finland, Germany, India, Israel, Italy, Norway, Philippinesygagrt
Slovakia, Spain, Swedennided Kingdomn).

3. Assembling a preliminary list of datasets and gaps for biodiversity information on a
European scale

Results from the online survey on hilglvel questions were assembled to obtain an
overview of existing d@a sources regarding biodiversity and environmental variables on a
European scale. In turn, amnline and frely-accessible spreadsheetis created, that
containsa list of biodiversitydata sourcesThe partners could, in turn, add additional
datasource® complete the overew of datasources



4. Conducting an irdepth gap analysis for specific datasets

The specific gap analysis was planned in more detail after evaluating the general data
availability for the high level questions and pointing out soereegal gaps. To streamline

the work of the different groups in the gap analysis of EU BON, a work plan was drafted for
all partners in the tasgroup (task 1.3)There were different working groups formed for
evaluating gaps in different topics, e.g. thepganalysis for distribution data of certain
taxonomic groups. Some of the groups focus specifically on analyzing gaps in databases that
contain information on species traits, genes or taxonomic information, e.g. Fauna Europaea
for animal or Euro+Med for lpnt species. Each of the partneras supposed to structure

their work along the target high level questions.

Specifically the datasets will be analyzed to:

outline spatial and temporal gaps.

determine gaps and biases in terms of the taxonomic inflommat

evaluate the data accessibility: restricted access to the data or unrestricted access.
check other aspects of data quality: are duplicates removed in the dataset, are recent
observations included and does proper metadata information exist?

1 outline tends in the accumulation of occurrence data and the integration of historical
data.

= =4 -4 A

Some of the datasets will be evaluated according to the above outlined scheme. For some
datasets existing evaluations will be used, e.g. the conducted gap analysis oeaiurop
monitoring schemes (cf. EuMon).

5. Additional surveys

In addition to the outlined activities of the gap analysis there was a furthesiamalgted to

the gap analysisThe United Nations Environment ProgrammeéNorld Conservation
Monitoring Centr(UNEP-WCMC) prepared a report that was supported by EU BON. The
reportassessethe potentials and limitations of remote sensing applications for monitoring
trends and changes in biodiversity, particular with regards to the Aichi Biodiversity Targets.
The fnal version was released at the beginning of 2014 andlsapart of theSeventeenth
meeting of the Subsidiary Body on Scientific, Technical and Technological Advice
(SBSTTA) of the Convention on Biological Diversity (CBIeetingin Montreal, Canada

ard its official documentation (CBD SBSTTAL17 Information document number 16,
UNEP/CBD/SBSTTA/17/INF/1%

1.4 FUTURE DEVELOPMENTS

The gap analysis provided sonmportant insights on the gaps, limitations and biases of
current biodiversity datasets. The results of the gap analysis will be used for the further work
of the project, particularly by filling the gaps of datasets due to enhanced mobilization
efforts tha will be developed within the project (e.g. in Task 1.4). Further specific
evaluation of gaps will be conducted within the project time as needed, e.g. for Work
Package 6 (Sciendeolicy Interface)There will be further work conducted under the Work
Paclage 1 with relevance for the gap analysis, specifically regarding the needs of monitoring
schemes in Task 1.1. Further findings can be in turn included in the Deliverable D1.1, which
should be seen as a living document. Furthermore, publications are doldone
disseminating D1.1 findings.


http://www.cbd.int/doc/meetings/sbstta/sbstta-17/information/sbstta-17-inf-16-en.pdf

2 OVERALL OVERVIEW OF GAPS ANLRIMITATIONS OF
BIODIVERSITY DATASET

2.1 HIGH LEVEL QUESTION®N BIODIVERSITY IN BROPE AND BIODIVERBY
DATA

2.1.1 Introduction

The gap analysis started withiwvkee ssttyovey ol
guidelines for determining the gaps of biodiversity data, both on a general level (@)apter

as well as on a specific one (ChaptrThe survey was designéalask EU BON partners

of the relevant work packages their veean the mos important questions that a European
Biodiversity Observation Network should answer. The high level questions should
furthermore help to prioritize and structure the EU BON work on gaps in biodiversity
datasetsAs a start, 29 high level questions for diersitywere determineds a baseline to

see whether the recent biodiversity datasets are able to cover the information for answering
these questionJAnnex 1) The questions were based on the needs of European
environmental policy and what scientistge & the most relevant questions.

In the survey, there were 29 proposed questions, divided in seven sections @umther
parentheses reflects the number of questions):

Species and habitats (8)

Ecosystems, biodiversity and their functions (3)

Ecosystens and their services (5)

Sustainable landse and use of freshwater systems and oceans (2)
Protected areas (3)

Drivers of change (5)

Invasiveand biodiversity3)

E I B

The partners were asked to rank each of the 29 questions. First, the participants ranked the
scientific and political relevance of the question (from a score of 5, highly relevant, to 1, less
relevant). In a second step, the availability of the data was ranked (5; very good availability,
3: fair availability, 1: poor availability).

It is recognzed that this questionnaire reports on the opmianfairly narrow group of
stakeholderand that othemterest groupmight have different opinions. Nevertheles®
believe that the largely academic background of the respondants will reflect theyphfrali
views amoung all stakeholders.

2.1.2 Key findings: The most and least important thematic sections , data
availability and gaps

Regarding the thematic sections the higlsestrewasgiventot he secti on #Ai nv
and biodiver si t b)) thg secortd mpsd impottant sectioh wae the one
dealing with fAecosystems and their servic
sustainable agriculture and forestry, status and trends of species and drivers of change got
lower rankings g¢ee Fig. 1, Table ). Lowest relevance was given to the section with
guestions on ecosystems, biodiversity and their functions and protected areas/biodiversity.
Data availability seems generally to be limitednasectionhad adata availabilityof good

orvey good. Data availability was ranked as
exists and at least some sections have slightly better datasets available. The thematic section
with the highest ranked r el ev amemuseo hgveithea v a s

9



best data availability (value of 3.3). Data seems to be limited particularly for questions on

fecosystems, bi odiversity and

t hei

r

funct

see Table 1)probably also because a wider ranfi¢ghematic data is needed to answer this

questions, compared to the invasive species where mainly distribution and some trait is

needed to answer the questions

5,0
Hrelevance (ranking: 5-1)

4,0

data availability (ranking: 5-1)

ThEbEL

Invasive Ecosystems Sustainable Species and Drivers of  Ecosystems,
species and and their Use habitats in change and  biodiversity
biodiversity services (agriculture, Europe biodiversity and their

forestry, functions
fisheries)

Protected
areas and
species
protection

Fig. 1. Thematic Sections and ranking of relevance and data avajylabédsultsare based on the input of
25 EU BON partners and associated specialissed according to the ranking of relevance, ranking score

from 5; high relevance/data availability to 1: low relevance/data availability)

Table 1: Thematicsectionsand ranking of relevance and data availahility

data
relevance availability
(ranking:  (ranking:
Thematic section 5-1) 5-1)
Invasive species and biodiversity 4.2 3.3
Ecosystems and their services 4.0 2.4
Sustainable Use (agriculture, foresi
fisheries) 4.0 2.8
Species and habitats in Europe 4.0 2.8
Drivers of change and biodiversity 3.9 2.6
Ecosystems, biodiversity and th
functions 3.9 2.0
Protected areas and species protection 3.8 2.8

(listed according to the ranking of relevance, green: high relevarexd low relevance, ranking score from 5;

high relevance/data availability to 1: low relevance/data availability).

Data on ecosystem services in general seems to have quite largealgajke section

fecosystems and their

wsranking iregaedin® data avaikability e d

(2.4 points). In the middle field regarding data availability are three sections that were

ranked with Afairo data
habitats in Europe, protected aread apecies protection.

10
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However, the ranking according to the different sections reveals a first direction for the
thematic focus regarding EU BON and relevaiddiversity topics on a European scale.
However, in some of the thematic sections, particuldré ones with a larger number of
questions, theres considerablesariationin the rankingof relevance and data availability.
Thus, the next chapter evaluates the ranking of the questions itself and lists them according
to their relevance and data avahildy.

2.1.3 The most and least important questions and data availability

To gain furtherinsighton the most relevarthiodiversitytopics a questiorspecific analysis

was conductedrhe 29 questionsvererankedaccording to the average valokthe question

for relevancedata availabilityand combined indexTable 2 showsheranking according to

the combined index, whidfates the research questions higher if they are highly relevant, but
we lack the data to answer them.

The 10 questions that show theliegt combined score are mostly related to ecosgsiach
their servicesThe hghest ranked questiatealswith the interactions between degradation
and the loss of biodiversity and ecosystem servigdsrther relevant questianwhere data
availability is limited, arefuture scenarios of ecosystem servieesl whateffects global
change processésave the question ofow biodiversity and ecosystems are linked to human
health and how biodiversity can improve human health. Another question with ratleer larg
gapsis on therelationship between species diversity and ecosystem fundiihsalso
questions that involve protected areas and their current S#iter questions with high
rankings in the combined index relate to lars®, for example wheth#rereis a measurable
improvement in the conservation status of speares habitats due to sustainalded-use
and environmentdriendly management plans

At the same time, it is also interesting @waluate whichquestionshave a rather low
combined indexwhich means questions that have a lower relevance abdtter data
availability. From the group of the 10 questions with the lowest ranking there arefeome
which sufficient datasetare available such ason alien invasive speciefr examplethe
gusstion on whetherpriority invasive species and their pathways are sufficiently identified.
Other gqiestions with a relatively good data basis are on status and trends of spedes and
how the preservation of European protected areas positively affectgeogity. Data with a
relatively low relevancarequestions like on the genetic diversity of species, protected areas
and their carbon storagecapability and the question of how a changing European
demography and economic activities will affect speciga {lie human footprint) in a
temporal and spatial perspective.
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Table 2: A ranking of relevance of the high level questions on biodiversity (ranking according to average
rating of the relevance of the question, value range frelnighest to Jowest), ranking of the data availability
(5-good data availability, -low data availability) anda combined index For the combined index, highest
rankeddatashows ahigh relevancef the question and/or lodata availability. i.e. relativg large gaps (max

valueof1).The index is calculated as sum of o&ér.el evanced¢
(O] ‘a o > £
Question 5 > g S & g
o i O 38
35 =7
Interaction degradation/biodiversity loss and
§ ecosystem services 4,50 2,23 7,27
‘% Biodiversity and resilience of ecosystems 4,32 2,07 7,24
& Future scenarios of ecosystem services 3,88 1,75 7,13
z Effects of global change drivers and interactions 4,28 2,38 6,89
% Status of European ecosystems and services 4,53 2,64 6,89
E Biodiversity/ecosystems and human health 3,41 1,73 6,68
2  Sustainable landise and species conservation 4,33 2,70 6,63
Ea Mapping and modeling of biodiversity 4,09 2,47 6,62
L Rehtionship species diversity and ecosystem functi 3,82 2,25 6,57
State of marine and terrestrial protected areas 4,17 2,67 6,50
Biodiversity loss / extinction 4,43 2,94 6,48
o "Umbrella" protection of species 4,23 2,80 6,43
2 | Effectsof landuse on biodiversity 4,18/ 2,75 6,43
g Identification of important drivers 4,22 2,86 6,37
'© | Human footprint and Biodiversity 3,53 2,29 6,24
g Fragmentation of species population 3,86 2,68 6,18
g Ecosystem resilience and restoration/conservation| 3,50 2,38 6,13
= |Impacts of subsidies 3,59 2,50 6,09
Invasive Species in Europe 4,21 3,19 6,02
Taxonomy and biodiversity 414 3,13 6,02
Alien species and Biodiversity 4,22 3,29 5,94
Genetic diversity of species 3,09 2,20 5,89
Protectedareas and carbon storage 3,13 2,25 5,88
Changing European demography / Economic
activities/Footprint and Biodiversity 3,43 2,57 5,86
Current status and trends of species 4,27 3,42 5,85
Priorities for ecosystem restoration 3,81 3,00 5,81
InvasiveSpecies and their pathways 4,18 3,38 5,79
Mapping of sustainable lardse + threatened specie{ 3,67 2,89 5,78
Protected areas positively affect biodiversity 4,06 3,33 5,73

12



2.1.4 Ranking: Data availability and gaps

After evaluatirg the combinedindex, we focuson the data availability. The average rating
regarding data availability for the data that will be needed to answer the high level questions
on biodiversity was 2.6 points (out afpossible5 points), a value that shows thiaere are

useful datasets on a European scale, but, at the same time, some major limitations in
availability of biodiversity information still exist. As there are different datasets needed to
answer the specific questions, there is also a quite condelesatiation in terms of data
availability (see als@able 3, which varied between 1.7 and 3.4 points, i.e. the participants
of the online questionnaire ranked the dat

The table belowTable 3 shows a lisbf quegions with a relative high (> 4 points) or low

data availability. As the analysis shows, there are questions for which the data availability
was ranked quite low. For examplata that could determine how different drivers of
global change interact seerttsbe quite limited. Also datasets seems to be sparsarinat
needed to answer questions on ltkenan footprint on biodiversity, i.¢he question ohow

human consumption and changes in the consumption patterns influence species and their
habitats.

Table 3. High level questions with a rather good (average data availability rating > 4 points) or low data
availability (ranking ranged from a very good to low availability).

High Ranked Data Availability Low Ranked Data Availability
Current status and trds of species Effects of global change drivers and interactions
Invasive Species and their pathways Ecosystem resilience and restoration/conservati

Protected areas positively affect

Human footprint and Biodiversity

biodiversity

Alien species and Bitiversity Relat_lonshlp species diversity and ecosystem
functions

Invasive Species in Europe Protected areas and carbon storage

Interaction degradation/biodiversity loss and
ecosystem services

Priorities for ecosystem restorati Genetic diversity of species

Biodiversity loss / extinction Biodiversity and resilience of ecosystems

Mapping of sustainable langse +
threatened species

Identification of important drivers Biodiversity/ecosy'ems and human health

Taxonomy and biodiversity

Future scenarios of ecosystem services

In addition to theabovementionedexamples a lot of issues connected to ecosystem
services have currently no sufficient datasets on a continental scale. For example, data seem:
to be scarce for the interaction between ecosystemwvices, biodiversity loss and land
degradation or regarding biodiversity and resilience of ecosystems. Also, according to the
specific voting of the participants of the online survey, there is little knowleddikely

future ecosystemservicechange andelatedscenarios. Furtherore,limited available data

exists on genetic diversity of species or on how biodiversity and intact ecosystems are linked
to human health and how biodiversity can possibly improve human health.

However, a detailed gap analys@salso needed fahosequestions where it seems that good
datasets exist. An example is the questic
suggested datasets for answering the questioan&saluation of available European data
shows, there ar datasets available based on the EU Article 17 repodtiripe habitats
directive(EC 1992) where member states are requested to undertake surveillance of habitats
and species considered to be of community interest. But a closer evaluation of tHaeavaila

13



data shows that there is an insufficient temporal coverage, as the repertiodis only
every 6 years and is restricted to species of the habitats/birds directive.

The low ranking of some questions for data availability in part reflects the ifioti
answering some types of question with the available data. Some questions such as those or
genetic diversity and ecosystem services can only be addressed using comparatively time
consuming and technical methods. In contrast, many questions on thdaabe and
distribution of species can be answered using observation data that relatively easy to collect.

Large data gaps may force the development of new techniques that answer the same
questions using different methods. For example, some of the questiorecosystem
services that have traditionally answered throtggtestrialsurveys can now be addressed at

a continental extent using rematensingand only limited groundtruthing. In the field of
molecular genetics, so calledveronmental DNAand nextgeneration sequencing could be

used to address the gaps in genetic data.

2.2 EUROPEAN DATASETE&SSENTIAL BIODIVERSI VARIABLESAND GAPS

After determinirg the highlevel questionswe generated a list of relevant biodiversity data
sources on d&uropean scaland evaluated how these datasets can posk#lysed for
generatingessential Biodiversity Variables (EBV.sfhe EBVs covethe thematicallymost
relevant aspects of biodiversity data and can be used inaamswer high level questions

on biodiversity Fig. 2 shows for a list of sample datasets, fohiwzh EBV classegshe data
sourcesupply data. For the sample datasets, only data sources with unrestricted access were
used or data with partly unrestricted acc@ss dataowners need to be asked imitten

form before data can be u3ed

25
20 +
a
a
[1+]
w 15 -
o
[
o
210 -
£
3
2
5 -
0 . T T T T T
GC SP ST CC EF ES
EBV Class

Fig. 2: Essential Biodiversityariable ¢asses and number a¥ailablebiodiversity datasets that could be used
to contribute data for specific EBV class. The figure is based on sample set of selected Europaan da
sources(EBV Classes AbbreviationsGC: Geneticcomposition, Species populations: SP, Species traits: ST,
Community composition: CC, Ecosystem function: EF, Ecosystem structure: ES

As the analysis shows, most of the large European datasets tha@tvevicluded in the
analysis contain data that can be usedafualysis ofquestions related to the EBV class
fispecies populations This means the datasets include data for example on species
distributions, population abundances tructure. The nost dovious gaps regarding

bi odiversity data on a European scale exi
genetic databases do ex{see below in the next chaptehowever, as our evaluation in
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section 3.%hows, the spatial and temporal coveragemostly not sufficient for continent
wide analyses.

The data for the other EBV classes are ranked on a medium level, however, as the more in
depth analysis in the following chapter will show, there are also some significant gaps in
community compositiomndecosystem function datasets

2.3 A FIRSTOVERVIEW ® GBIF, PES| INSDAND DATAONBEDATA

As a first approach, we present here an overview, comparison and outline of gaps of three
important data providers: GBIF for species specimen and observation dath,fdPES
taxonomic and INSD for genetic data.

Specimen and observation based taxon occurrences were analyzed using GBIF (The Global
Biodiversity Information Facility) datasets. The International Nucleotide Sequence
Database Collaboration (INSDC: GenBank, £ZNDDBJY datasets cover DNA sequence
data, The Pafuropean Species directories Infrastructure (PESL)sed for the analyses of
taxonomic backbone data, and the Data Observation Network for Earth (DafacoM&s
ecological data including LTER and [y datasets. In addition third party annotated
INSDC datasets of UNITEvere used in the analyses.

The summary of the analyses on the number of species in Europe is shboasled and

Figs. 35. Data are shown on Kingdom level and separately also fdiittie (Aves), insects
(Insecta) and mammals (MammaliRESI dataset provideschecklist of European specjes
which is compiled by the taxonomy experts. The data on the presence of species is not
accompanied with specimen or other types of taxon ocagsenOn the contrary all
European species in GBIF and INSdatasets are based on specimen/observation or DNA
data respectively. Therefore the plain expectation would be that the PESI checklist is much
more complete and outnumbbetwo other datasets.

Table 4: Number of species in Europe based on taxon occurrences and current names in
databases.

Animalia 76932 39536 85225 157142 28623
Aves 1323 1469 1932 833 1488
Insecta 42660 24451 46361 95981 12367
Mammalia 771 488 894 298 1144
Plantae 54129 16454 56088 27306 21156
Fungi 31610 11950 32867 21751 10262
Bacteria 2488 137 3512
Archaea 83
! http://www.gbif.org

2 http://www.insdc.org

% http://www.eunomen.eu
* http://www.dataone.org
® http://unite.ut.ee
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Fig. 3: Number of species in Europe based on GBIF taxon occurrenmesiriens and observations), PESI
checklist of European species names and INSD species with DNA sequences

For all taxa thigs true gee Fig. 3plso forthe animals (Fig.4) butot for plants, fungi and
bacteria. This can be at least partly explainedheystynonymic or defective names used for

the specimen and observational data in GBIF datasets. However this should be analysed
further to see how to improve our current knowledge on species present in Europe. It is also
important to find out why GBIF datan animals do not outhnumber PESI checklist but plants,
fungi and bacteria do. Plants are certainly easier to study and they are maybe better
represented in specimen datasétswever, this is probably not the cdse the fungi and
bacteriathat are presuably much less studied than plants and animaéle number of
species in Europe where DNA data are available is much lower contpa&®&iF and PESI
datasets (Fig. 3 and 4). But thgs mostly because of large differencestle number of

insect species.here are also major exceptions. Mammals and bacteria have higher species
number based on DNA & PESI and GBIF dataset3hese discrepancies should be
investigated in future studiesNSD datasets probably includgso synonymic species
names.

180000
160000
140000 M GBIF Specimen
120000
100000 B GBIF Observation
80000 u GBIF Total
60000 B PESI checklist
40000
50000 B INSD DNA
0
Animalia

Fig. 4: Number of animal (Animalia) species in Europe based on GBIF taxon occurrences (specimens and
observations), PESI checklist of European species and INSD species with DNA sequences

Fig. 5 shows the number of European species occurrence data in ,GpIE bdween
kingdoms and major classes of Animalia. It is obvious that most data in GBIF are for
animals and plantAnd most animal data are actually bird (Aves) observations. The same
basic structure of the data is visible for the global occurrence data. 8askdse data it is
clear that many taxa like insects, fungi and bacteria ach egs studied compared to other
animals and plants.
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Fig. 5: Number of all taxon occurrences in Europe based on GBIF datasets (specimens and observations).

We alscanalysedataONE data. Howeveonly the metadata of the datasets were analysed
asthe datasetsarenot directly available. The datasets are submitted inrdifitdile formats

and before analyses the data can take place, the data has tonperted intoa conmon

format. EU BON ha neitherthe aim nor theresourcedo analyse the underlying datasets
itself, therefore tis first overviewanalysis has limited result®detadata of the DataONE
datasets includenly modest information orthe taxa involved.We analysd 144,198
datasets and fourtthat metadata of nearly .DO0 datasets has information on takhis is
approximately 10% of the analysed datasets. The number of datasets where metadata include

species level information is much lowéid. 6).

Number of DataONE datasets

B Uniq valid* species

2107
1893
3 3 119 2 0]
I
Animalia  Bacteria Chromista Fungi Plantae  Protozoa Archaea

Fig. 6: The number of DataONE datasets with unique valid species nathe finetadata file
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We also analysed the content of genetic databases (INSLE). Fig. 7demonstrates the
potential of DNA data for biodiversity analyses a species level. There are lessarh

30,000 fungal species names in INSD accompanied with DNA data. Howaest DNA

data have no full species hames because they do not come from voucher specimens but fromn
samples like soil, air, water, skin, etc. These sequences can be identified ies pexdt

only if there are fully identified sequences already availaliiés is usually not the case for

most taxaincluding bacteria, protists as well f&8 many animal@nd plants. This problem

can beresolved in parby DNA analyses wheby sequence areclusterednto species. This

is possible for specific genes whexspecies threshold value (e.g. similaritypecepted. In

Fig. 7,the number of sequence based fungal species based on INSD/UNITE dataset is much
higher than the number of speciesnes behind DNA data. UNITE made these sequence
based specieBypothesesavailable for the environmental analyses by giving them stable
identifiers. It means these species can be communicated even when full species name is no
available.So in DNA data, the is an obvious gap in sequenced based species and UNITE
species names.

70000

60000  INSD/UNITE

50000 —— sequ.enced based
species

#0000 & INSD species

30000 —— names

20000 - .
UNITE species

10000 - —— names

0 .
Fungi

Fig. 7: Number of fungal species on the Earth based on: 1) sequence similarity analyses; 2) unique species
names in INSD datasets; 3) unique species names in UNITE datasets.
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3 KEYFINDINGS OVERVIEW OF MAIN GA®FTHE SPECIFIC
ANALYSIS OFGLOBAL ANDEUROPEAN DATASETAND
RECOMMENDATIONS

After outlining some general gaps of biodiversity data in Europe, we also conducted a
specific gap analysis for a selectiof several main globahnd European datasefBhe
datasets represent some main sources for biodiversity data, either for specific realms
(terrestrial, maring freshwatey, taxonomic groupsthematic fields (taxonomy, genetic
databases) or networks of Européestsites (LTER).

Here we present a short overvielwtbe main gaps of dasets, compiled fronChapter4.
Specific gap analys were conducted faa whole set of differentlatabases (selBox 1
below, also for the Acronyms of the datasets that will be mainly used frononpwor the
authorsand EU BON partner institutions that contributed to the analyses, pleadarsme
2.

Box1: Overview of databases wherean in-depth gap analysis was conducted
acronyms and URL (seetheoverview below the box araimoredetailed analyis in Chapte#)

General Biodiversity Data
1 Data provided by the Global Biodiversity Information Facility (GBI&)p://www.gbif.org/
1 European Monitoring schemes (EuMdtip://eumon.ckff.si/index1.php
Data for specific taxonomic groups
1 Atlas Florae Hiropaeae (AFE) http://www.luomus.fi/en/atlaflorae-europaecaafe
distributionvasculafplantseurope
1 European Vegetation Archive of European Vegetation Survey (F
http://euroveq.org/evdatabase
FishBasevww.fishbase.org
Polytraits for annelidsgolytraits.lifewatchgreece.gu
Ocean Biogeographic Information System (OBIShttp://www.iobis.org/
Marine and coastal data holdings of the UNEP World Conservation Monitoring C
(UNEP-WCMC) http://data.unepvcmc.org/
Checklist of Western Palaearctic Béwip://westpalbees.myspecies.info/
European Union data on Habitats Directive ArticleHtip://www.eea.europa.eu/deaad
maps
1 Atlas of the European Beéétp://www.atlashymenoptera.net/
Atlas of European Breeding Birdistp://www.ebcc.info/
1 PanEuropean Common Bird Monitoring Scheme (PECBMS)
http://www.ebcc.info/pecbm.html

= —a —a -8

=

=

=

Genetic datasets
1 International Nucleotide Sequence Databases (INSfp)/www.insdc.organd oher DNA
databasedDNA Data Bank of Japan (DDBJ8itp://www.ddbj.nig.ac.jp
European Nucleotide Archive (ENA}tp://www.ebi.ac.uk/enalhe National Center for
Biotechnology Information (GenBank}tp://www.ncbi.nlm.nih.gov/genbank/
1 UNITE community Databasen Genetic Datalttp://unite.ut.ee/

Taxonanic Data:
1 Fauna Europae@daEu)http://www.faunaeur.org/
1 Euro+Med PlantBas¢E+M) http://www.emplantbase.org/home.html
1 PESIhttp://www.eunomen.eu/portal/
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http://www.gbif.org/
http://eumon.ckff.si/index1.php
http://www.luomus.fi/en/atlas-florae-europaeae-afe-distribution-vascular-plants-europe
http://www.luomus.fi/en/atlas-florae-europaeae-afe-distribution-vascular-plants-europe
http://euroveg.org/eva-database
http://www.fishbase.org/
http://www.iobis.org/
http://data.unep-wcmc.org/
http://westpalbees.myspecies.info/
http://www.eea.europa.eu/data-and-maps
http://www.eea.europa.eu/data-and-maps
http://www.atlashymenoptera.net/
http://www.ebcc.info/
http://www.insdc.org/
http://www.ddbj.nig.ac.jp/
http://www.ebi.ac.uk/ena/
http://www.ncbi.nlm.nih.gov/genbank/
http://unite.ut.ee/
http://www.faunaeur.org/
http://www.emplantbase.org/home.html
http://www.eu-nomen.eu/portal/

Environmental Data:
1 Long Term Ecological Research Netwdtkl ER) http://data.ltereurope.net/deims/

Further important datasets mentioned/discussed

WORMS, Gtalog of Fishes (CofF), Trawlbase, Catalogue of Life, Sealifebase
(www.sealifebase.ojg TRAITBANK -EOL, BiofreshDatasets,Datras, Delivering Alien Invasive)
Species Inventories for Europe (DAISIE), Global InvasBpecies Information Network (GISIN
others.

Here wesummarisesome of the main findings of the more detailed gap analysekapter

4. This overview of gaps is divided thematically in five sections, namely in the subsections
(a) spatial gaps, (b) tgporal gaps, (c) taxonomic gaps, (d) other types of gaps and (e) data
availability.

3.1 SPATIAL GAPS

As the gap analys shows, there are some specific gapbiodiversity data regarding the
spatial coveragd-ere we outline some of the most importapatal gaps In the specific
analysis the data wre evaluated regardinghe resolution of the datand the spatial
coverage Further questions on the spatial aspects of gem® to determine whether
presence data exists ibralso absence data is availabdother important aspect was to
analysefor all recordsof the biodiversity datasetshetherspatial informatiorexistsand to
determingheaccuracyand precision othe georeferenced information.

General Biodiversity Data: GBIF-mediated data

1 Fordata sered by theGlobal Biodiversity Information FacilityGBIF), most data is
availablefor the GBIF patrticipating countries (e.g. 37 voting countries, 15 associate
countries)whereas some ngparticipating countries have less data availablen
participatingcountries can be found particularly Africa, in the Middle East and
Asia and some in South America.

1 3% of GBIF records lack anipcation however,even whenpoint locations are
given, this information sometimentainsinaccuracies. For examplattenton is
needed to ensure the accuracy of values and to review or improve accompanying
metadata, e.g. to clarify where coordinates indicate centroids or corner points of grid
cells in a monitoring scheme rather than actual-lgeation of the locality of
ocaurrence.

1 For GBIF records it is also relevant not only to determine that records for a species
exist, but also to determine the geographic coverage for the recorded species.

1 For many species there are onlgraallnumber of records available with geodnap
coordinates. More data mobilisation efforts are needed to close the gaps. The more
specific gap analysis shows mobilization efforts in GBIF datarecentyears and
outlines for which regions/countries more data is needed.
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Specific Taxonomic Groups: Data on plant species

T

Spatial gapsn data coverageould be detectenh all of theplantdatasetanalysed,
particularly for Eastern Europei.e. the Russian Federatiomnd other Eastern
European countriesuch asBelarus, Bulgariaand Hungary but ako for some
Western European countries, e.g. ltaly

There is a large bias in the recording effort across Eurdghile the counties of
ScandinaviayWesternEurope,and Greece are well covered, many Central European,
and most of East and Sotlast Europan countries are covered only poorly or not
at all.

The European Vegetation Archive of European Vegetation Su(Z®A5) provides
considerable amount of data for Austria, Germany, Netherlands, Czech Republic and
Slovakia and some data for other Central Bpean countriesGaps are in other
countriesareobvious,for exampleBelarus, Moldova and the Caucasian countries.

Overall, Atlas Florae Europaead AFE) distribution maps show the presence of the
taxa over the whole European continent vaittty minor spéial gaps.The resolution

is limited with point locationgor 50 x 50 km squareand thedata does not contain
time-series

Specific Taxonomic Groups: Data on marine species

T

The Ocean Biogeographic Information Syste@B(S) is an important source for
da@ on marine species. Howevenly half of the estimated 115,000 valid species
that have occurrence data in OBIS have more than tbcearrencepoints.

Marine Data Some databases contain spatial information (polygons) that overlap
such overlaps hav® be excludedFor example, overlaps have to be excluded in
species distribution datasets of timernational Union for Conservation of Nature
(IUCN). Also, in most casedatasets contain only information on presence data and
not absence datdhis will generatebias as survey effort is uneven and usually
unknown. This can lead to both under and overestimates of the likelihood of a

A

speciesd presence.

Specific Taxonomic Groups: Example of pollinator species dwild bees in Europe

T

1

There are various soues for data on wild bee species in Europe. As the comparison
on distribution datashows (see chapter on specific gap analysis, assessment of
pollinator data), GBIF contains quite a large amount of data for countries of
Scandinavia, Westernand Central Ewpe. Less coveredegions regarding bee
species occurrence records are Eastern Eurammesantries, the Caucasus region, the
Balkars and Turkey.Additional expert datasets like the Checklist on Western
Palearcticbees (http://westpalbees.myspecies.infof) the Atlas of European bees
(http://www.zoologie.umh.ac.be/hymenoptera/defaul).asm contribute additional
important information on the distribution of bee species.

The analysis also shows some significdaiiagapsregarding bee species occurrence
in European countriess particularly exemplified in the study fobenmark Well
covered countries athe United KingdomIreland, Sweden and Germany whereas
poorly covered countries are fexample Latvia, Albania, Montenegro or Moldova
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Metadata on European Monitoring schemesdthe EuMon database

1 EuMon, a metadatabase on European animal monitoring schetsesshows
considerable gaps regarding the spatial coverage of monitoring sches&siean
taxonomic coverage was achieved for severalntms e.g. Greece, Croatia,
Portugal or Romanid he highest mean taxonomic coverage was achieved in Roland
Germany Estonia or théNetherlandsPlease note theéhese results are on the basis
of the number of moni tor i ng relate with the s
amount of records generate ot the effort put in to surveying.

Example for Monitoring data: B ird monitoring data from the European Bird Census Council

1 In general, bird datacompared to other taxonomic grou@se amongthe best
available @tasets on a European scélewever, in the Atlas of European Breeding
Birds, based on weléstablished monitoring schemesBurkey, Cyprus and the
Canary Islands are not cover&patial gaps with no data exist particulany parts
of Russia parts withincomplete coverage for Belarus, Ukraine and Romania. Some
rather small areas with incomplete coverage can be also found ingpltialy.

1 The resolution of theAtlas of European breeding birds offers data in a5®Bm
square resolutigrwhich limits ts applicability for some scientific analyses

European Taxonomic data

1 Taxonomic information is available for most European countresvever there are
some countriesaand regionswhich lack sufficient information. Forexamplethe
faunistic taxonomidatabasd-auna Europaeeovers European countries excémt
the Caucasus regiomAlso in the floristic taxonomic database Euro+Medhe
Caucasus and Near Easenot fully covered.

European research sitesdthe LTER site network as an example

1 ThelLong Tem Ecological Researg. TER) network a network of field sites which
collect environmental dataonsists mainly oterrestrial sitesin its current form,
marine environments are the most uaggaresented domaiites are mostlensan
Central Europe ahthe United Kingdom. Continental, Atlantic, Mediterranean, and
alpine regions are the best represented regions, while nemoral, borewirdredn
alpine regions, are underrepresertethpared to their area

1 The United Kingdom and ltalizave the largestumber of L'ER sites compared to
the rest of Europe. In the Netherlands and Belgium, national LTER networks have
been started only recently and consist of fewest.shAesther bias is the spatial
coverage of the number of project objectives / researdbst@t eachLTER site,
where some sites focus on a fe@searchobjectives whereas othenscorporate a
huge variety of research topicdrban areas represent a clear gap in the LTER
network and thus should be a focal area in the future.

Genetic Datasets: Example of fungal species

1 The International Nucleotide Sequence Datab@&¢SD) contains nucleotide
sequence dataAn analysis (see Chapter 4) of a quality filtefedgal testdataset of
276898 sequenceshows thastill quite many records do not comayeoreferenced
information. Despite the fact théb.7%of the sequencdsave a country of origin
only 15.9%have geographic coordinates specified.

1 INSD shows asampling bias towards Norymerica and Europewith South
America, Australasia and Afridaeing clearly underepresented.
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3.2 TEMPORALGAPS

For determining temporal gaps, datats wereevaluated according teheir temporal
coverage(year or time period¥ Longterm datasets are needed to determine trends in
speciesrangesand their populationsso the temporal gap analysis also included an
assessment of lorigrm datasets, in case data was continuously recorded over the years.
Additionally, other temporal aspects of the datasets were evaluated, for example the number
andintervals of collection eents orwhether detailed information on the yearonth and

day of the collection everwere documented. In the following chapter, some of the most
obvious temporal gaps and limitations of the datasets are outlined:

General Biodiversity Data: GBIF-mediate d data

1 There are still quite some significant temporal gaps in the datasets existing. However,
due to mobilisation efforts, gaps in the data can be closed. For exanegielative
proportion of records with a missing or incomplete occurrence ltzdegcreased
from about 30% in 2008 to 20% in 2014.

Specific Taxonomic Groups: Data on plant species

1 A particularly interesting question whetherlong-term datasets fgolantdata exist.
However,as our analysis showthere are only few lonterm datasetavailable for a
quite limited number of species, particularly when lookimigstudies which span a
large areaAtlas Florae Europaeae (AFEptashowsno time series regarding the
distribution of plants, only some time series are availabléor the
Europan.VegetatiorSurvey(EVS) data.

Specific Taxonomic Groups: Data on marine species

1 In general, dtafor evaluating longerm trendsn marine specieare scarcand only
for some species datasets are available that show trends in distribution over decades
and thatallow long-term studies (or evestudies of phenologyThis applies also for
marine dataof UNEP-WCMC wheremost datasets show data at a given point in time
andonly few datasets cover a longer time period (e.g. the dataset on the mean sea
surfa@ productivity in December 2063007).

European research sitesdthe LTER site network as an example

1 Most LTER sites offer dasets and records with mporal coverage of ont®
several years. Howevemdre are some LTER sites tHadve operaed for longer
time periods. In fact, 48 sites have been operating for 50 or more years and 12 have
been operating for over 100 years.

Other datasets analysed

1 Also for the other datasets that were analysed,-leng datasets are rare and, if
available, limited tesome taxonomic groups (birds, butterflies).
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3.3 TAXONOMIC GAPS

To determine the completeness and coverage of available biodiversity information, a further
step was to evaluate for which taxa information and datasets exists. For example,
evaluatedvhether data was collectéaor a certainimited set of species dor a broad set of
taxonomicgroups. If the metadata of the datasets allowed a more thorough investigation, the
taxonomic coverage in comparison to the complete number of species in thent&xo
group was determined.

General Biodiversity Data: GBIF-mediated data

T

There are quite significant differences for which taxonomic o udatéa are
available, not only on a global but also on a country IeVkére are quite large
differences of the tanomic coverage among countries globalhd thus a different
kind of taxonomic bias in a countrdveden forexamplemostly contributes animal
records (around 80%) whereas Jagamtributed proportionatlynore records on
plants.

On a global level,occurence records are accessilite around40% of animal
species through GBIFGBIF occurrence data havéor examplea strong bias
towards bird species due tihe large amateurcommunity and the rapid web
publication of such data in recent yeaksalysis ofspecies richness is impacted by
uneven taxonomic resources. Significant gaps exist for example in catalogues of
molluscs, beetles, algae, and some groups of higher plants, as well as for fossil
species.

Specific Taxonomic Groups: Data on plant species

T

1

There are still taxonomic gaps in plant datasets existing. For ex&®#8% of the
European vascular plants are coveliedthe AFE database which is a quite
considerable effort, given the large number of species in the different families
However, here arestill many species to be included in the assessment.

The taxonomic coverage of the ddtagely varies according to plot datasetsthe
plant database EVS. Furthermore, therenasoverall information on taxonomic
coverage availabl®r the datasets avkible.

Specific Taxonomic Groups: Data on marine species

T

The marine data shows also some large gaps with regards to the species that are
covered. For exampl®BIS covers only230,000 marine speciesut of 221,000
speciescurrently listed in WoRMSHowever, some taxonomic group are better
covered than others. For exampkhfspeciesre a quite well covered, at least there
arepoint data for 1A00 species out of ca. ADO fish specieavailable However,

only 84% of the species with occurrence informatiare well documentedat a
country scaleFore some groups data is sparse, for exampkeasnake speciesnd

for manymarine mammals.

Specific Taxonomic Groups: Data on freshwater species

T

A lot of data mobilisation effort is also needed for freshwafmces, as the
Freshwater Animal Diversity Assessmenttt:/fada.biodiversity.b@/ database
contains species names for roughly one third of the estimate@0D5@eshwater
species.
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Metadata on European Monitoring schemes dthe EuMon database

1 There is also a taxonomic biadth regards tdhe groups coveredhiEuMon,which

contains metadata for European montitoring schemetatiRe to their natural
abundance and diversitypirds are the best covered specigsug, followed by
butterflies and batsLeast covered species groups are reptile, mammal and fish
speciesHowever, it is important to keep in mind thié results in EuMon are on the
basis of the number of monitoring schemes, which is not correlatedhgitdimount

of records generated or the effort that was put in to surveying.

European research sitesdthe LTER site network as an example

1 For the LTERfield sites,there are also differences in coverage of taxonomic groups.

Biodiversity dataof LTER sitescover mostly fant speciesBirds are less well
represented in terms of the number of sites that include them as a research topic.

European Taxonomic data

1 For the taxonomic databases, some taxonomic grawgsverlookednd gaps exist

in some families. e overview inChapter4 will show some examples for existing
gapssuch asn plantor animalfamilies.

Regarding the overall taxonomic completeness the analysis showBuitatMed
covers92% of the European flora of vascular plants. Fauna Europaga&lculated

to include 99.3% of the known European fauna (actual number of databased species
128,692; estimated number of described species 129,647). The faunistic coverage is
less complete, but nevertheless includingd9@6 of the total faunaoth Euro+Med
andFauna Europaeldave some families that need to be edited and updated as some
larger gaps exist.

Genetic Datasets: Example of fungal species

1 For sequencekased data, obvious gap are the lacking names for many species. For

example in the INSD databaspproximately 35% of species known from DN&s
fungi cannot be assigned to any known species for whidhll species name in
Linnaean classification is availablMany species still lack their representation in
INSD, asonly approximately 20% othe formally described fungal species are
represented with DNA barcode sequence in INSD.

3.4 OTHER GAPS

Besides the gaps mentioned in the subsections atievepecific analysis of the databases
showed that there are several other types of limitamabiases in curent databases. In the
following short overview we outline some of the most obvious gaps.

M

T

Gaps on functional trait’here areonly somedatabasethat focus orspecies traits
(e.q. TRY, TraitBank/EOL. However, databaseand informationon species traits
are still scarce.

Major gapsexist with regards tadata onspeciespopulatiors, although there are at
leastsome examplesf well-documented population databag¢eg. formarine fishes
andfor plant species

Genetic dataThere & still some work neestl regardingdetermininggeneticbarcode
data For xkampleamag marine speciedarge gaps ilDNA Barcode Data&xists as
datais availableonly for 10,185 fish species (at least one barcodéhe BOLD
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system out of 33,065 currently validly described spmes (Catalog of Fishes Feb
2014).

{ Standards of the dat&ome of the datasets have no sufficient documentation of their
metadata A proper metadata description, compliant with existing international
standardssuch asISO 19115 or INSPIRE is strictly neatleMoreover, metadata
schemege.g. GBIF,EuMon DataOnehneed toinclude additional fields to facilitate
thematic and/or qualitative selection of datasets. For example, more dagtype
of collection (random observation/monitoring) or data qualityeisded.

1 Closing the gapsrFhe results of our gap analysis also show how mobilization efforts
of recent yarshavealready helped to closisting gapsFor examplein GBIF, the
data volumamnore than tripledetweerthe years 2008 to 2014.

1 Dark taxai unknownspeciesThere are still many unknown speciEsen forfinfish
speciesthe exact number iaot knowni and thenumbe is increasingeachyear
(200-400 newly described species/yedr).other taxonomic groupthe number of
undescribed species igen highey for examplen bacteria This leads in turn also to
an underestimation of species richness. For example in the case of Fauna Europaea,
there is still a high number of newly described species each year for Arthropoda,
MolluscsandNematodes.

1 Gaps from published literature to databas€kere is also a gap regarding the delay
of data- from data being published in papemsntil data becomes availabléen
database<.g. for newly described speciés the examplef some online databases
show, theras asubstantial time delay.

1 Main gaps genetic datasefdhe main gaps in nucleotide sequence data deposited in
INSD are related to sequence quality, missingd misidentificationandlack of or
misuse oimetadata standards.

3.5 DATA AVAILABILITY

Generally sharing of data and thi®th accessibility (e.g. by online access) and availability
(e.g. if the datahas unrestricted access or nate essential for the further usage of
biodiversity information To securethe free usage of biodiversity data for &linds of
analyses or modléng efforts, free access to European or global datasets is one of the most
important prerequisitesSo, a fundamental question regarding the evaluated data sources
was whetherthere is unrestricted access (for exampmeline acess under a Creative
Commons Zero licengdo the data. In case the access is restrictedtyp®eof restriction

was further analyzed, for example if (a) raw data can be downloaded under an open license
or waiver or (b) raw data can be downloaded undees#ictive license Such asnon
commercialor research only) (c) raw data can be downloaded, but without a licensee(re
must be requested) bnally (d) raw data cannot be downloaded but the data can be browsed
online. (e) raw data cannot be accessed)

Up to now, only a small percentage of data is shared openly. For exam@esurvey
where 1,389 researchers participateahly 25% of the researchemake their data openly
available for everyon@uipers and van der Hoeven 2009

For the datasetsnalysed in this survey, we found huge differenge tems of data
availability. AsFig. 8 shows(cf. Table 9, there arestill quite many datasets that have
some respectestricted access to thalata(around §%). Only onethird of the data that
was surveyed in this report haempletelyunrestricted acces$here are many reasons why
access to biodiversity data is restricted. In several cases, one hasithdogart of a
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consortium or me mber of the reséeatohapeta
ensureghat in order to obtain data, one has to give acceysupown datasets thatrex

related to this area. Su@xampls are some datasets of tkeiropean Vegetation Survey.

Other data providersparticularly of specific expert databaswith validated datagive

access to their data only after a (formal or informmeuest like the data of the Atlas of
European Breeding Birds or the Atlaskafropean bees

At the same time, there are many data providergithabthave a strict polly regarding the
sharing of datasets. This means that some of the datasets have unrestricted access and can
freely downloaded, for others access is only granted affermal request-or examplan

the LTER metadatabasgspme datasets can be freelgessedsia links to webpages where

data can be downloadeahereador otherdatasourcesaccess is restricte@omeproviders

show also aifferentdata policy for biodiversity data, for examplee aggregated data for

the Article 17 reporting of the EU embers states ifreely available (e.g. as species
distribution maps) whereas underlying raw data is not availabie fhost of the member
countries.

However, sme data providers are strictly committed to open data access and open source
software Forexample many datasets can be accesse@Bi& , which has mobilized 440
million data record¢June 2014)and data can be freely downloadewlused (however, for

some of the datasets there is a defined use, i.e. some data providers claim restrictions
regarding the use of the data).

W unrestricted (a) 1 restricted (b) m restricted ( c) W restricted (d) W restricted (e)

Fig. 8: Accessability of datasetsurveyed in the gap analysis (a) raw data can be downloaded under an open
license or waiver or (b) raw data can be downloaded under a restrictive license (egmmoercial, research

only) (c) raw data can be downloaded, but without a licenseggemust be requested) or (d) raw data cannot
be downloaded but the data can be browsed ootife) raw data cannot be accessed).
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Table5: Overview of datasets analysed and data accdisgabi

Dataset

Accessability

Data provided by the Global Biodivers

Information Facility (GBIF)

unrestricted (a), restricteg

(b)

Atlas florae europaeae (AFE)

restricted (e)

European Vegetation Archive of Europg
Vegetation Survey (EVS)

restricted (e)

FishBase unrestricted (a)
Ocean Biogeographic Information Syst :
(OBIS) unrestricted (a)

World Register of Marine Species (WoRMS)

restricted (d)

European Union data on Habitats Direct
Article 17

aggregated data:
Unrestricted (a), raw data:
mostlyrestricted (e)

PolyTraits

unrestricted (a)

Marine and coastal data holdings of the UN
World Conservation Monitoring Centre

restricted (b) or (d)

Checklist of Western Palaearctic Bees

restricted (d)

Atlas of the European Bees

restricted (d)

Atlas of European Breeding Birds

restricted (d)

PanrEuropean Common Bird Monitoring Scher

restricted (d)

International Nucleotide Sequence Databq :
unrestricted (a)

(INSD)

The National Center for Biotechnolo

Information (GenBank)

unrestricted (a)

Fauna Eurpaea

restricted (d)

Euro+Med PlantBase

restricted (d)

partly unrestricted (a), son

LTER Data data restricted (e)
Trawlbase restricted (e)
ERMS restricted (d)

* counted twice for the Figure as d:
accessability differs withing the datassets of
database
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3.6 GENERALRECOMMENDATIONSOR CLOSING EXISTINBIODIVERSITY DATA
GAPS

For improving the current situatidior biodiversity data in Europe, particulanggarding

the quality andcomprehensivenesd available datasets, we highlight in tinegport a whole

set of recommendations. Thalowing more generatecommendations target the European

and national policy levels, but also scientific communitiegnstitutions, and individual
researchers. Several of the followiagtion pointsshould alsadbe further addressed in the
developingwork plan of EU BON (Hoffmann et. .a2014). Furthermore, we give specific
advice in the relevant sections in the text (see Chapter 4hdosidual datasectorsand
information realms. These specific recommendatishould helpto close the gaps of
existing databases and to mobilize additional datasets to complete their spatial, temporal and
taxonomic coverage

Here we offer some general recommendations for improving the data quality and quntity
European scalandhowto improve the data availability of biodiversity data in general.

3.6.1 Recommendations to the EU and national authorities

1. Provide financialand othersupportat European leveto relevant regionaland
national databases to close existing gapkatacoverage andvailability.

2. Make all primary datg-setg under the auspices e European Union/European
Commissiorand national authoritiefsllly and openlyavailable.

3. Provideincentives for individuatesearcher andprojectsto openly sharelata onlne,
and provide guidancand best practice examplés data management procedures
(e.g., recommende@mbargo periods for releasingsearchdatg standardized
citation and acknowledgemeptactises for online data sources, recommendations
for intellectualproperty rightissues for compiled datasetstc)

4. Strengthen analytical services that use available biodiversity information to provide
further incentives and guidance for data providers and information infrastructures.

5. Support relevant international tdaaggregators and information infrastructures, such
asthe International Union for Conservation of Natuie&/CN), the Group on Earth
ObservationsBiodiversity Observation Network(GEO-BON) and the Global
Biodiversity Information FacilityGBIF) through furling and policy specifically to
mobilize datasets only available at local or regional scales.

6. Support digitization of biodiversity ala for European protected areas and their
sharing, preferably through an international network such as .GBtEend the
neworks of protected areas that undertake monitoring activiiled increase
monitoring efforts in these sités.g. Biosphere reserves).

7. Encourage and support EU member states atiger European countries to
participate in antbecomemembers ofGBIF, and b sharedata viathe GBIF portal.

8. Increasefunding and supportat European levelior the collection and provision of
key biodiversity and ecosystem data currently fidly available (e.g., genetic
information, traits, ecological interactions, etc).

9. Devebp and sustain standardized biodiversitonitoring schemes Europefor
generating londerm datasets over larger areas

10.Undertake and promote regular assessments of available data sources and
mechanisms for identifying and closing gaps in data covexrageuality.
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3.6.2 Recommendations for European and National Research Networks

1. Support data collection for ecosystem services on a local, regional and European
scale These data are in short supply particular for cedagassuch as noffisheries
marine serices. Encourage collaboration betwedfU research networks and
disciplines. Particularly strengthen the links to the Earth Observation community,
e.g. for an increased use of remote sensing and other spatipligit products.

2. Ensure the digitization ofistorical and legacy data, particularly where those data
have been generated by European proj&xsitinue developing the mechanisms to
extract, and provide through it, observation records from the published sedbet
using specialisedvorkflows to extract this datdcf. Agosti and Egloff 2009pr by
promotion of advanced publishing in journdiscrease the efforts to make existing
data from monitoring schemes available, also from museum collections, citizen
science projects and small databases

3. Implement the Global Name Architectuf@&NA) procedures between several
componentsMain bodies (like GBIF, @talogue of Lif¢ should be responsibknd
increase their worknd participation in the GNA.

4. Organize and update the information systems on apegiedo support much faster
data exchangé choosea referencesystem (such as tHeAISIE - Delivering Alien
Invasive Species Inventories for Europethe Global Invasive Species Information
Network GISIN) and aligntheir activities with the work ofthe European Alien
Species Information NetwoillEASIN).

5. Enhance the collectioof sociceconomic data for analysaadthe establishment of
interdisciplinary projects that share their datasets and knowledge or at least the
essential datasets.

6. Contribute toand support species assessments (e.g. the Red List) and inventories, as
these have been shown to be of particularly high value for conservation policies.

7. Specific ecommendations for closing GBIF gaps: @pport GBIF participant
nodes to enable them talgish the most accurate, complete and diverse content
possible (byeview the GBIF endorsement model to allow engaging a wider variety
of data publishers than currently possible €nfouragedata providers in GBIF to
implement specific quality checks thfeir data, to secure the high quality standards.

8. Speed the detection and description of new taxa by supporting DNA barcoding
initiatives and the rapid integrated publication tools.

9. Increase the cooperationetweendifferent projects and initiatives witlsimilar
databaseer taxonomic and geographic overlap

10.Prioritise data collection goals so that funding is targeted at answering priority
questions.
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3.6.3

3.6.4

Recommendations for the Scientific Community and individual researchers

Actively promotefree acces$o biodiversitydata in the larger scientific community
Develop and providancentives fordata guardians, and promofair and best
practice rules foopen dataharing.

. Apply rigidly recognized international data standards for biodiversity information

and promote the use of those standards in universities, research institutions and
agencies.

Coordinate and standardiséso thesampling efforts at various scal&s sampling
different organism groups and environmental variables simultaneously

Adequatey cite the origin of data, wherever possjbiesing the Digital Object
Identifier of those dataCentralising data or other measures to provide easier access
to all data would benefit users seeking to use data.

Encourage therdargement ofresearch site etworks €.g. LTER and otherk with
specific focus on underrepresented areas and topics.

Increase curation of taxonomic databasese.(. FaEu, Euro+Med, ERMS and
subsequently PESI) teevealinformation on species namesdwork on detecting
new species /rgptic species / dark taxa.

Support additional gap analysis particular at a fine scale to provide additional support
for prioritization and policy supporDevelop a strategy for faunistic and floristic
checklistsat various levels (local/continental/gldpa

Recommendations to the biodiversity informatics community , to data
managers and operators of information infrastructures

Improve integration efforts for available datasets (observation records, remote
sensing) through the adoption of a limited numbgstandards and interoperable
exchange formatsand make metadata for datasets accessitlopting such
standards could help to overcome the current lack of integration that causes a severe
bias in statusand trend analyses

. At the same time, extenddlturrent metadata standards with additional fields to give

more of the needed additional information to the uges on presencabsence and
abundance dataSupport the development atandards, e.g. on Global Unique
Identifiers for point data recoscand specimens.

Revive exisiting databases likehet BioCASE metadatabase about European
collectionsand find strong incentive for institutions and curators to respond to
guestionnaires do generate automatic metadata

. Createa powerful data conversiotool that facilitates data exchange betwealh

important formats that are used in other communities
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4 SPECIFIC GAP ANALSSIOF EUROPEANAND GLOBAL
DATABASES

4.1 CRITERIA FOR ASSE3& THE GAPS

In the following chapters, the results of andgpth and specific gap analysis of several
important global and European datasets are presented. The datasets represent some ma
sources for biodiversity data, either for specific realms (terrestrial, marine), some taxonomic
groups or thematic fields (taxomy, genetic databases) or networks of European field sites
(LTER).

Each of the specific gap analysis chapters are structured along a common outline. First, the
dataset is shortly described with its main features and the specific focus of biodiversity data
Also included is an overview of the spatial coverage of the datasetxample|f the data
includes global datasets or focuses on European data or specific countries.

The general description is followed by an analysis of gaps and biases of thésdhtdse

were determined by applying specific criteffdnese specific criteria were defined for each

of the type of gaps (see below) and taking into account the requirements for taxonomic data
to bespatially modelled in EU BON riternal EU BON document bdpngolf Kiihn et. al.)In

most of the cases, two or several databases were compared, to detect the specific gaps
limitations or biases of a dataset. Gaps in biodiversity information can be detected on
various scales and are stronglgpendenbn the needsf data usersvith respect to th&ey
guestions on biodiversity (cf. the high leggiestions in the first chap)er

In the specific analysig¢see the different sections in this chapténgre was a focus on
evaluating gaptaking into account theeventarget high level questiorfsee Box 2)

Box 2: Target high level question®n biodiversity

From the highest ranked questions the most relevant were chosen and
seven target high level questions were defined at the Work Package 1 n
in Stocklolm in January 2014 (see Annex 1 for the complete list). These
target high level questions were used for the gap analysis on specific data

1. Can we identify status and trends of [European] species? Ca
identify status and trends of biodiversityaking interspecific
phylogenetic or intraspecific genetic diversity into account? Car
assess the risk of extinction?

2. Can we assess the status and trends of [European] ecosyster
ecosystem services?

3. Are we closing the biodiversity knowledge gap dpg known
organisms, ecosystem services, areas)?

4. Are we filling the gaps in historical knowledge (in relation to availe
historical data in collections, literature and rfonobilized digital
datasets) so we can evaluate ldegn trends?

5. Can we identifytrends in the spread and effects of alien and inve
species [in Europe]?

6. Can we identify drivers behind [European] changes in biodiversity
time?

7. Can we assess the effect of [European] marine and terrestrial prg
areas on the conservation obloigical diversity?
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For answering the seven target questions on biodiversity the data has to fulfil certain
requirements, e.g. with regards to geographic and temporal coverage. Biodiversity datasets
have to fulfil some specific minimum criteria in orderserve as a source for biodiversity
assessments, e.g for evaluating trends in species or to answer other target high level
guestions like for assessing the effects of protected Weagroupedhusthe gap analysis
according to four different types ofpgs in the datand this structure was also used for the
thorough gap analysis of the data sourddsese different types of gaps were gpatial,(b)
temporal andc) taxonomic gaps of the data and(dhdata availability.

For each type of gaps, thetdsources were evaluated taking into account sewetatia:

a. For spatial gaps the data was evaluatedth regard to the resolution of the data

d.

andif there exist gaps in the spatial coverage. Further questions on the spatial aspects
of gaps are whethamly presence data etgsor whether there is also abundance or
even data on species absences available

For thetemporal gapsof data, the data was testethether a temporal reference is
available (date, year, perigdpr which years or time periods tdaexists, e.g. if
particularly longterm data exists (> 10 years, since 198@d if there is a
homogenous distribution of records over time

For taxonomic gapsit was evaluated for which taxonomic groups/species data is
available or whether data gaps fmme groups exisOther questions on the data
wereif the datasets coveterrestrial as well as freshwater and marine species or if
biases in the data are apparent

Another important aspect to test the data was to evaluate thevdal@bility and
accessibility. To secure free usage of biodiversity data for all kind of analyses or
modeling efforts a free access to European or global datasets is one of the most
important prerequisites. So, a fundamental question regarding the evaluated data
sources wa# there is and restricted or unrestricted access (for example a free online
access) to the data. In case the access is restricted, the kind of restriction was further
analyzed, for example if (a) raw data can be downloaded under an open license or
waiver or (b) raw data can be downloaded under a restrictive license (e.g. non
commercial, research only) (c) raw data can be downloaded, but without a license
(re-use must be requested)fmally (d) raw data cannot be downloaded but the data
can be browsed tine or (e) raw data cannot be accessed
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4.2 GENERALREVIEWOF GAPS INBIODIVERSITY DATA: MNITORING TRENDS
IN GBIF MOBILIZED CRTENT TO HELP ADDRESGAPS

To help enable assessment in the trends of data biasing and quality of species occurrences
data accessible through the network of the Global Biodiversity Information Facility (GBIF,
http://www.gbif.org), the GBIF Secretariat has developed reporting tools to visualise key
characteristics of the data pubkshand integrated through the GBIF network and to

highlight changes in these characteristics over time. This work is based on comparative
analysis of 25 snapshots of the complete global GBIF data index covering a period from late
2007 to the present. Hene introduce the results of this early work and provide some
recommendations for how this can be used to help address some of the gaps present in the
content mobilized through the GBIF network.

The early results of this work are currently availablétip://analytics.gbHuat.organd will
be integrated into the GBIF website during the course of 2014 following feedback from
GBIF stakeholders and progressively enhanced.

4.2.1 Introduction

GBIF aims to bring toge#r all available evidence for the recorded occurrence of any

species at any time and place, along with associated observations, measurements and links t
further information (e.g. deposited specimens, images, sequences, collecting event). As of
June 2014the GBIF network has mobilised more than 440 million data records. These
records standardly include the accepted identification for the organism, the associated
locality (normally with coordinates) and date, and classification of the record according to
type of supporting evidence (e.g. specimen, sequence, multimedia object, human
observation). Additional data elements may be included according to the nature of the
specimen or observation underlying the record.

The GBIF data index integrates these daganehts and accordingly offers a summary of the
taxonomic, spatial and temporal distribution of available data. The GBIF data index is

served through the GBIF websit&tp://www.gbif.org. Earlier versions of this dex were
presented through the GBIF data poitép://data.gbif.orddue to be decomissioned in

2014). Over time, additional data sets are included and changes and corrections are made to
existing data. Itis posse to use changes in the GBIF data index to analyse hayoiog

efforts to mobilise and curate biodiversity data result in changes in data availability.

The current study is based on 25 snapshots of the GBIF data index from between December
2007 and Mg 2014. These have all been processed using the same interpretative rules and
organised according to a common taxonomy to allow for direct comparison. GBIF will
continue regular analysis using future snapshots to measure changes in coverage,
completenesand fithesdor-use for different purposes over time.

By applying consistent quality control and identical taxonomic organisation to both current
and historical data, it becomes possible to compare views over time, to determine if gaps are
being closed, rad if more data are available and fit for use. Since GBIF is an international
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initiative with many activities funded at the national level, separate reports have also been
generated for each country to review data shared by institutions within the canchiiy

report on levels of data relating to biodiversity within the country. In many cases, national
GBIF Nodes are well placed to take action on the data quality issues detected, and also to
target specific data holdings to address current biases.wdhiss in an early stage, and

will be enhanced in collaboration with national participants and with users wishing to assess
content available through GBIF. In some cases (e.g. Sweden), the prepared data may be
used for more detailed analysis at a natidevel. The EU BON funds allocated to GBIF
through task 1.3 have thus been used to seed the development of consistent reporting that
will be enhanced and run at regular intervals (monthly or quarterly; yet to be decided) to
help with future gap analysiassessment and monitoring of how the gaps are closing.

4.2.2 Data and code accessibility

GBIF is committed to open data access and open source software.

0 The most recent view of the GBIF index is open to the internet and available through
the GBIF.org websitéhttp://www.gbif.org/occurrence/seajcand API
(http://gbif.org/developgr

0 The compiled snapshots for this study are available on request. Therraimbe
records represented add up to a total 7.4 billion records, and compressed in RCFile
format are 0.7 terabytes (Approx 7 TB uncompressed). Other formats can be
generated as required.

0 The digested views for each page reporhtip://analytics.gbHuat.orgare available

onl i ne. For any given report, using a

files. e.g.

3 The reporthttp://analytics.gbHuat.org/country/SE/publishedBy/index.html
3 The CSV fileshttp://analytics.gbHuat.org/country/SE/publishedBy/csv/

The scripts used in this iteratiohwork are available at

http://github.com/gbif/analytics

All data interpretation code is availablefitip://github.com/gbif/occurrence

O«

O«

4.2.3 Methodology

The methods to reproduce this work are documented within the github project on
https://github.com/gbif/analyticand will be continually enhanced as the work progresses.
The high level process is sumnzat as:

0 Verbatim content from 24 historical views of the GBIF index was restored from
archives and processed to the latest quality control
(https://github.com/gbif/occurrenkand taxonomic backboneing the GBIF high
performance processing environment (Hadoop)
A single shapshot of the latest index was taken and processed using the same routines
as the historical data.
0 A series of SQL scriptditps://github.com/gbif/analytics/tree/master/hive/propess

was run on the Hadoop cluster (Hive) to process the large number of records (7.4

O«
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billion) into smaller summary views suitable for export and subsequent processing
using R on adptop.

0 A series of R scriptshtps://github.com/gbif/analytics/tree/mastgriikere run to
generate charts and a static site generator was used to produce the site now deployed
at http://analytics.gbHuat.org

4.2.4 Coverage of the dataset

The content represented in the GBIF index is global in geographic and taxonomic scope and
covers content dating back to before 1700. Content includes refmraisientingn situ

species observations as well as specimen collection events, the latter primarily coming from
specimen labels, with some field notes and literature sources.

Data are added to the GBIF network by GBIF Participants endorsing publishing
organizations. The content in this study represents trends in data mobilized through GBIF
since 2007, during which time participation in GBIF has changed as follows:

December 2007:
0 80 Participants (29 voting countries, 17 associate countries, 34 associat
organizations)
0 230 publishing organizations sharing 1,655 datasets (123 million records)
June 2014:
0 89 Participants (37 voting countries, 15 associate countries, 37 associate
organizations)
0 611 publishing organizations sharing 15,171 datasets (44i@mmrigécords)

4.2.5 Outline of gaps and biases

Global geographic coverage

GBIF is an intergovernmental initiative, a fact that influences the nature of content available
through GBIF. This is prominently visible in the view of all georeferenced data available
through GBIF (June 201#&jg. 9a), which illustrates that data are most abundant in those
countries participating in GBIF(tp://www.qgbif.org/participation/summarfrig. 9 b). At

least part othe reason for this lies in the current endorsement model of GBIF (under
revision, more details discussed below), which requires an institution to be formally
endorsed by a GBIF Participant before published data are included in the GBIF index.
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Fig. 9a: Georeferenced records available through GBIF, June 2014. Heat map representation with lighter
colours indicating more available data (interactive versidntpt//www.gbif.org/occurrenge

@ Voting Participants -
[0 Associate Country Participants 7
[ Participants with signature of 2012 MoU pending ~ .°=

=

Fig. 9b: GBIF Country Participants, June 2014
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Comparison between countries

In analysing the trends in accumulation of occurrence data (next section, below), a global
view of data is applied. It has to be noted here thatrti@ly obscure differences at country

or regional levels. To demonstrate this, the following figuFes,10 andFig. 11, illustrate
species occurrence counts for Japan and Sweden:
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Fig. 10: Japan, species occurrence resadailable over time. a) total, b) animal records only, c) plant records
only. The colours in b and c indicate the basis of record (observation, specimen, other or unknown)
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Species occurrence records accessible through GBIF over time
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Fig. 11: Sweden, species occurrence recordgsilable over time. a) total, b) animal records only, c) plant
records only. The colours in b and c indicate the basis of record (observation, specimen, other or unknown).
The drop and subsequent gain in numbers and the high percentage of records withoambase of record

in early 2013 is an artifact, most likely caused by the reconfiguration of a major dataset.

In both cases there is a general continued increase in record numbers, although the absolute
numbers differ by a factor of about 10. The basdirecord (specimen, observation, or one of
several less frequently reported types such as fossils and living materials) is known for the
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vast majority of records from both countries. There are however significant differences
between the summaries foete countries.

In Swedish datasets, about 80% of all records concern animals, while the Japanese data
show many more plant records and around 20% of records are for other groups, including
fungi and microorganisms. These other groups are only visibediSh datasets from

2012 onwards. Aside from the relative proportions of plant and animal records, the main
difference lies in the basis of record: while Japanese datasets contain predominantly
specimen records, i.e. from the digitization of physicalectibn objects, most records in
Swedish datasets are based on field observations. Differences like these may document
different strategic approaches to data digitization, differing engagement with communities
such as citizen scientists, or varying appresdo collection management and open access
to data.

Neither country represents a better or worse model than the other, but differences like these
need to be taken into account in any analysis of data coverage. At a global level, these
differences may bbkidden, so any action plans for addressing gaps and targeting specific
needs must be based on more-fynained review, particularly at the national scale.

4.2.6 Trends in accumulation of occurrence data / integration of historical data

Global number of occurren ce records

Fig. 12 shows the number of available occurrence records categorized by kingdom for each
of the 25 index archives, normalized against the most recent GBIF backbone taxonomy. The
"Unknown" category includes records with taxonomic informationd¢hanhot be linked to
available taxonomic checklists.
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Fig. 12: Data volume for major taxonomic groups. Number of occurrence records per kingdom over Index

snapshot version, 20880 1 4 . The category of A0t her o summari z
microorganisms, bacteria and viruses, but typically predominantly consists of fungi.
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Fig. 13 gives the number of species with available occurrence records, categorized by
kingdom. In this case, species counts are based on the number of binomial soeemifsc

for which GBIF has received data records, organized as far as possible using information on
known synonyms, as recorded in key databases such as the Catalogue of Life. Since many
names are not yet included in these databases, some proportion sfiifimet be

recognised as synonyms and incorrectly treated as separate species. Therefore these counts
can be used as an indication of richness only, and do not represent true species counts. All
data have been processed using the same, most recent eéthe common GBIF

backbone taxonomy, and comparisons over time are therefore realistic.

For all major taxonomic groups, occurrence record numbers in the index have been
increasing more or less steadily since 2007. Animal records constitute thé ¢argpsnent
throughout, with up to two thirds of the total data volume, while plant records show more
rapid growth. While data mobilization is clearly dominated by these two major groups,
numbers for other taxonomic groups have also been steadily ingreBlsenmost significant
group incl ude dig.aJisdrengi. M Ot her 0 i n

Number of species having occurrence records accessible through GBIF over time
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Fig. 13: Taxonomic richness. Number of species names documented with occurrence records over Index
snapshot version, 208814. Note the caveat (text above) concerning the imiion of a binomial as a
species.

Fig. 13 shows a complementary viewfag. 12: the number of specidsvel taxon names

for which occurrence records are documented in the index for each snapshot version. Here
again, numbers for all major taxonomic gosthave risen more or less steadily over time.
However, while the proportion of occurrence records for groups other than plants and
animals Fig. 12) is relatively low, the number of specilesel names for voucher or
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observation data are available represex larger proportion of the total. In addition, the

number of plant species with associated occurrence records is almost as great as for animal
species, although there are far fewer plant species described (about 321,000 vs 1.36 million,
according totie [UCN Red List version 201,

As with the countrypias discussed in the previous section, taxonomic bias becomes more
apparent when reviewing taxonomic groups below the kingdom rank. Occurrence coverage,
for example, is known to have a strong bias towards bird observation data, caused by the
high data aaemulation rate for these data from the large citizen science community and the
rapid web publication of such data in recent years. Analysis of species richness is impacted
by uneven taxonomic resources. Significant gaps exist for example in catalogues of
molluscs, beetles, algae, and some groups of higher plants, as well as for fossil species. For
any targeted study, therefore, these gaps would need to be analysed in more detail.

Geographic completeness of available records

The chart irFig. 14 illustrateschanges in the number of available records which include
coordinates, focusing on those for which no known issues have been detected in the
automated checking routines. For records without accepted valid coordinates, this chart also
shows the number ofeerds for which the country of occurrence is known.

Availability of coordinates and country
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Fig. 14: Availability of georeferencing information. Number of occurrence records per available information
type over Index snapshot version, 2aIBL4. Note that the availability of aentry name is only counted if
coordinate data are not available for the same record.

The graph shows that, over time, the percentage of records with coordinates has gone up
from about 80 to about 90%. Together with the textual information of interpretinhéry
names, about 97% of all records include some indication efogation, though with

varying precision and accuracy. The remaining 3% of records lack any georeferencing
information either because of technical errors (invalid numbers, partiakynmigalues), or

6 http://www.iucnredlist.org/documents/summarystatistics/2010_1RL_Stats_Table_1.pdf
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because of content errors (e.g. coordinate values not matching a given country) or as a result
of intentional or unintentional omissions. While the percentage appears comparatively high,
more detailed analysis shows that more attentioeesled to ensure the accuracy of values

and to review or improve accompanying metadata, e.g. to clarify where coordinates indicate
centroids or corner points of grid cells in a monitoring scheme rather than actual geo

location of the locality of occurrence

Geographic coverage for recorded species

Fig. 15 illustrates changes in the number of species for which records are available from a
range of | ocalities. The e ardedre2gridselsr(forac e i
finer grids, see httpanalytics.gbifuat.org/global/index.html). All species are then

categorized according to the number of such cells for which GBIF has any available data for
the species from 1970 onwards. The chart shows the proportion of species recorded in each
shapshofrom only one such grid cell, or from between two and twenty such grid cells, etc.
Various reasons may limit the number of cells from which any species has been recorded
(rarity, obscure taxonomy, few observers, detectability, etc.). However, greatezmurhb
records typically indicate a likelihood that the data will be more suitable for various

modelling activities.
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Fig. 15: Geographic spread of species occurrences. Number of species per spread classification group over
Index snapshot version, 20@814.
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In the 2012 index version, for example, 50,000 of ca. 400,000 species were documented to
occur in at least 20 differentdegree grid cells. In 2014, the same applied to about 70,000
of 470,000 species.

Taxonomic precision

Fig. 16 illustrates danges in the number of available records which include an identification
at least to the rank of a species. The numbers of records identified to an infraspecific rank, to
a genus or to a higher taxonomic rank are also shown.
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Fig. 16: Precision of scistific identification. Number of occurrence records per precision of scientific
identification over Index snapshot version, 218.4.

Throughout all index versions from 2008 onwards, the vast majority of occurrences were
identified to species level or logv. Only about 10% of records were identified only to a
higher taxonomic rank. These records arise e.g. when specimens collected and archived
during projects and provisionally filed for later examination, when taxonomy is obscure or
diagnosis is difficultor when monitoring projects involve observers with different degrees
of taxonomic expertise. This category also includes a small proportion of records supplied
with binomial names but where these names could not be matched against the backbone
taxonomy ad the records were therefore processed at higher ranks during indexing.
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Temporal precision

Fig. 17 illustrates changes in the number of available records which include a complete date, consisting of year,
month and day. The numbers of records includinty the month and year or only the year are also shown.

Precision of record date

Precision
HOH Unknown
Year only
Year and month

.Year, month and day

w

o

o
|

Number of occurrences (in millions)
S
o
1

-

o

o
1

1 1 1 1 I I I
2008 2009 2010 2011 2012 2013 2014
Date

Fig. 17: Precision of occurrence dates. Number of occurrence records per completeness status over Index
snapshot version, 20a8)14.

There has only been relatively little change in re&@proportions of records in these

categories between index versions from 2008 to 2014. While the relative proportion of
records with a missing or incomplete occurrence date has decreased from about 30% to
about 20%, the absolute number has increasedgitima period. A certain percentage of

these records is due to dates not being supplied in valid or interpretable date formats. In the
remainder of cases, no dates or only partial dates have been supplied. With the exception of
historical data, where e.g.specimen label did not in fact record the collection date, most of
these gaps could potentially be filled through intensified collaboration with data publishers,
to review and improved data capture processes, date conversions, issues around mapping of
values in publishing software used, and generally highlighting the importance of this item

for a range of data uses.
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4.2.7 Recommendations for closing the gaps

The key recommendations to address the gaps and biases present in GBIF mobilized content
are to:
1 Supprt GBIF participant nodes to enable them to publish the most accurate,
complete and diverse content possible
1 Review the GBIF endorsement model to allow engaging a wider variety of data
publishers than currently possible

These are outlined in more detailthe following sections.
Supporting the work of GBIF Participant Nodes

Participant Nodes play a central role in facilitating data mobilization in the GBIF network.
When joining GBIF, each Participant country or organization commits to establishing a

Pat i ci pant Node as fAia mechanism by which a
networkeddats har i ng activitieso (2012 GBI F MOU)
net work of organizations that shar anda c o mr
facilitating the mobilisation and use of biodiversity data among all the relevant stakeholders
within the Participantos domain, primari/l.
i nformation needs and pri or it ectve meafs2hatl 2 GE
trends showing efforts to mobilize and improve the fitrfessise of data at the country

level are an important tool for national Nodes to help set objectives, track genetal

progress and report to their stakeholders, for example.

The Participant Nodes have requested this type of analysis on previous occasions. During
the development of the GBIF web¢jta consultation was run with Nodes to scope
requirements for country pages. The country pages serve several purposes including
promoting the role of country Participants in GBIF, redirecting users towards the Nodes and
providing an overview of the data available about and published by each country. Among
the requested features were trends on the national data publishing eifioots e data
availability about a countfy Many Nodes include some data mobilization trends in their
annual reportsand website’d, and some have even carried out in depth analyses at the
national levet".

There are several ways in which Nodes carthiseype of analysis for sefssessment in
support of data mobilization activities. Firstly, it will help to highlight issues with the data
that have already been mobilized. In their coordination role, many Nodes will be well
placed to use these chatd immediately identify actions for follow up with individual data
publishers to increase the fitndss-use of the data. Secondly, the charts can help to reveal
biases that could be used to set mobilization targets, for example through targeted data
mobilization projects. Over time, this information can also help to monitor natievell

7 www.gbif.org

8 http://community.gbif.org/pa/groups/27781/designimuntrypagesfor-the-new-gbif-portal/

® E.g. Irelanchttp://www.biodiversityireland.ie/downloads/annuaports/

10 E g. Atlas of Living Australianttp://dashboard.ala.org.au

" Otegui J, Arifio AH, Encinas MA, Pando F (2013). Assessing the Primary Data Hosted by the Spanish Node of the GlobatBiodivers
InformationFacility (GBIF). PLoS ONE 8(1): e55144. doi:10.1371/journal.pone.0055144
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progress and results of specific investments. This can feed into relevant reporting processes
that Nodes engage with, for example reporting under the ConventiorologiBal
Diversity.

This work has been shared with Nodes at an early stage to ask for feedback and to invite
those interested to contribute to further development. All feedback is being captured in an
online issue tracking system. Following an early aitation phase lasting until 30 June
2014, the feedback received will be sorted into issues to be addressed before this work is
integrated into the GBIF website by September 2014 and further enhancements are
identified for the 2015 GBIF work programme.

Reuvewing the GBIF endorsement model in support of wider collaboration

This year, GBIF is undertaking a review to gather input on proposed changes to the
processes for adding data publishers to the GBIF network and for assessing the fitness for
use of datasst This fulfils a commitment in the 2014 Work Programme to expand the
model for endorsement of datasets, and to engage with expert communities in order to
provide a richer assessment of the value of each dataset to potential users. The proposed
changes sée tretain fhe strengths of the current model and improve scientific oversight
but accelerate integration of relevant data where pos¥ibleA full consultation document

is availablé®that outlines the strengths and weaknesses of the current situationvides
feedback from GBIF stakeholders on suggested changes to the model.

Currently new data publishers are added to the GBIF network only after a GBIF Participant
provides an endorsement (by email) for the publisher. New publishers are expected to
receive such endorsement from the relevant national Participant or alternatively from a
relevant thematic organisational Participant. Once endorsed, a data publisher can publish
new datasets without further approval.

This model has been in place sifg8BIF was first established. Where it works well, it offers
the following strengths:

0 The endorsement process could detect and reject inappropriate data publishers and
data sets without these ever becoming visible through the network.
The endonsg Participant performs a review of the data being published and may
work with the publisher to resolve data quality issues before the data are integrated in
the network.
0 National Participants can be closely involved in the relationship between their data
publishing institutions and GBIF. This may be impaottéor at least two reasons
1 The relationship may help to create a strong national GBIF community and
engage relevant stakaders around GBIF activity.
1 The role as endorsing body may assist thenat Node in demonstrating its
importance and relevance to relevant national agencies.

O«

12 GBIF Work Programme 2014-2016
13 Consultation document in English
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There are however also several weaknesses to this model:

0

O¢ O«

Potential data publishers which are located in afPanicipant country (or which do

not have access to elevant Node) are not readily able to publish data to GBIF. This

has three consequences:

0 GBIF does not benefit from potentially valuable datasets, particularly from
regions with poor representation.

0 GBIF has reduced opportunities to begin tinidy a profile within the
biodiversity research community in the country.

0 GBIF is unable to maximise its role as an infrastructure and network

supporting free and open access to biodiversity data.

Some Patrticipants lack resources to carry outramgw of new datasets.

The current process does not require endorsement for any data sets subsequent to the
first dataset offered by a publisher (which limits the direct relevance of the process in
improving data quality). The alternative approach (nengiseparate endorsement

for every dataset) might be unmanageable in cases where publishers produce very
large numbers of small data sets.

In brief, the proposed changes are:

0

O«

O«

O«

Any potential data publisher should be able to register with GBIF and submit
datasets without the need for prior endorsementh datasets would initially be
‘'unevaluated'.

GBIF Secretariat staff would monitor new datasets to detect attempts to abuse the
infrastructure.

As datasets are indexed, they would undergo automatedsctoeckandards
compliance and data consistency, and the results would be included on dataset pages
in the GBIF website.

Relevant GBIF Participants, based on location and indications by the publisher,
would be invited to review the dataset and providersloesement, if appropriate.

GBIF country pages would include a list of all datasets endorsed by a national
Participant, as at present.

Additional pages would be developed to list all datasets endorsed by organisational
Participants and affiliates, encounrag curation of data within areas of expertise.
Datasets may receive multiple endorsements from any number of Participants, and
these would all be displayed on a dataset page, helping to evaluate fitness for use.
Further elements to assist such evaluatidhbe explored, including user comments
and annotations on individual records, and use of datasets or records in research
activities.

Filters would be developed to help users select or exclude datasets carrying different
levels of endorsement, includingevaluated data.

The consultation period runs until 16 June 2014, after which a final recommendation will be
prepared and the feedback will be summarised in a report.
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4.3 FOCUSEEREVIEW OF GAPRS IN SPECIFIC DATABASES
ANALYSISOF DISTRIBUTIONDATA OF VASCULAR PLANTINIEUROPE

4.3.1 Introduction

There are three main datasets that comprise distribution data on vascular plants throughout
the European continent, namely datasets provided bylbieal Biodiversity Information
Facility (GBIF, www.gbif.org), data from Atlas florae europaeae (AFE,
http://mwww.luomus.fi/en/atlafiorae-europaea@fe-distributionvascularplantseurope) and

the European Vegetation Archive of European Vegetation Sui&yA of EVS,
http://www.eurovegrg/).

4.3.2 Data accessibility

Only the GBIF database is available in unrestricted electronic form and data can be freely
downloaded; electronic access to the other two datasets requires permission. Data from AFE
are available in a printed form in most of tle¥ge botanical libraries in Europe (see
references below); electronic access is based on negotiations with the AFE management anc
might involve some financial contributions. EVS is a kind of federation of national
vegetation databases. It comprises vatjmt relevés (data on vegetation plots, where
presence of all taxa is recorded, together with estimation of their abundance and
dominance), from which distribution data can be extracted. In some cases distribution data
from individual national datasetseapublicly available, as e.g., for the Czech Republic (see
http://www.florabase.cz/http://florabase.cz/databanka/index.php?lany=e&m other cases
national databases are currently opened only for cooperating parties. The European
Vegetation Archive as a whole is also currently opened only for cooperating parties (subject
to formal project proposal, for conditions of use g#t://euroveg.org/download/eva

rules.pdj.
4.3.3 Data Sources

European Vegetation Archive of EVS

The European Vegetation Archivehtifp://euroveg.org/evdatabase was recently
estallished and is continuously updated. It will contain vegetation relevés (and thus also
vascular plant distribution data) totreatem mo
centralized database of European vegetation plots by storing copiesoofhatid regional
databases on a single software platform using a unified taxonomic reference database. EVA
does not affect the ongoing independent developments of sourbaskgand it guarantees

that data property rights of the original contributaesraspected ( Chytr T et al

A list of the national datasets comprising data on vegetation relevés is available at
http://www.qgivd.info/list_databases.html?&no_cache&BIF and B/S datasets are to the
considerable extent complementary, providing together reasonable information on the
distribution data on vascular plants particularly for W and Central Europe. The amount of
data provided by EVA continuously grows and it is likelgttin foreseeable future it will
provide much more detailed picture on Central and Eastern European distribution of
vascular plants. We have received permission to use currently available georeferenced EVA
data for Caryophyllaceae and Cruciferae familagslie purpose of this gap analysis.

Atlas florae europaeae

The most complete dataset for distribution data on European vascular plants for particular
plant families is that of AFE, which was built in cooperation of all European countries. The
already pubkhed 16 volumes of the serial include distribution maps of species and
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subspecies cover almost-26% of the European vascular plants (altogether 4878 taxa).
Data (based on herbaria and literature) and the distributions are presented as grid maps (50 »
50 km squareshttp://www.luomus.fi/en/gridsnappingatlasflorae-europaegecovering the

whole continent. Albeit incomplete in terms of plant families and rough in scale, the AFE
data set is an excellent reference, based on which completeness of other datasets (including
those publicly available) can be tested. Two large families (Cruciferae, Caryophyllaceae, i.e.
content of four volumes of printed maps) are available for the galysa as part of EU

BON project.

4.3.4 Comparison of AFE, GBIF and EVA data
In this chapter, we present here a comparison of GBIF, AFE and EVA data for both above
mentioned familiesand for a few selected example species.

For the gap analysis of the GBIF da#éae we downloaded a complete set of the distribution
data on all species of the families Cruciferae (Brassicaceae) and Caryophyllaceae.

% AFE 3 = GBIF

b soow b soakm i
, Brassicaceae Burnett Brassicaceae Burnett

® EVA

b sokm
Brassicaceae Burnett

Fig. 18: Synthetic presentation of all Cruciferae (Brassicaceae) distribution data in AFE (occurences ar
represented by blue dots, map on the left), GBIF (map on the right), and EVA (map in the second row).
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Fig. 19: Synthetic presentation of all Caryophyllaceae distribution data in AFE (occurences are represented by
red dots, map on the leffsBIF (map on the right), and EVA (map in the second row).

Overall, AFE synthetic family distribution maps show the presence of the taxa of these two
families over the whole European continent. Certain gaps in the area of Russian Federation
reflect missng data rather than the real absence of any taxa of these plant familiEgy(see

18 and19, upper maps on the left). GBIF data, on the other hand, are strongly biased. While
the areas of Scandinavia, Island, United Kingdom, Ireland, Denmark, Benelutgnlbe
Peninsula, parts of France (but not the whole country), Austria, and Greece are well covered,
many Central European, and most of East and Seasih European countries are covered
only poorly or not at all (see algéig. 18 and 19, upper maps on theght, Table 6a). This
coverage reflects membership of particular countries in GBIF and peesdérherbarium
specimens from some nd@BIF countries (e.g. Greece) in herbaria of GBIF member states.
While it is clear that GBIF vascular plant dataset mightseful for modelling distribution

of taxa with the centre of distribution in Scandinavia and Atlantic Europe, it is of little use
for those taxa that have their centre of distribution in Central, Eastern andEZsi¢nn
Europe.

The EVA database, onehother hand, provides considerable amount of data for Austria,
Germany, the Netherlands, Czech Republic and Slovakia, but some data also for other
Central European countries not so well covered by GBIFRged8 and19, lower maps on

the left andTable6b). It is somewhat complementary to the GBIF data and for the taxa with
the centre of distribution in Central and Western Europe GBIF and EVA provide reasonable
amount of data. Nevertheless, for the taxa distributed in the Eastern part of Europe, neither
GBIF nor EVA serves well.
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Table 6a Overview of the amount of distribution records for Cruciferae and Caryophyllaceae families in GBIF
database by countries of Europe. (Crucifialbtal numer of records of the family Cruciferae, Crucif _rilap
georeferened data used for the presented map; Caryophyl aibtal numer of records of the family
Caryophyllaceae, Caryophyl _mameoreferenced data used for the presented map).

Country
Albania
Andorra
Austria
Belgium
Bosnia and
Herzegovina
Bulgaria
Byelarus
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Faroe Islands
Finland
France
Germany
Greece
Hungary
Iceland
Ireland

Italy

Jan Mayen
Latvia
Liechtenstein
Lithuania
Luxembourg
Macedonia
Malta
Moldova
Monaco
Montenegro
Netherlands
Norway
Poland
Portugal
Romania
Russia

San Marino
Serbia
Slovakia
Slovenia
Spain

Crucif_all

94
1700
9366

160998

56
597
7
286
323
524
26993
56
375
70685
204600
209726
14415
870
13593
71569
4019
113
31
13
37
7471
149
11
28
2
46
258659
118652
3833
4849
502
5074
3
50
4736
1790
225541

Crucif_map

16
1408
7945

160620

4
157
1
94
20
34
24481
28
2
69710
175053
199606
7862
199
13052
71491
1199
5
9
11
6
7466
68
5
8
0
28
255573
106765
1823
1010
183
866
3
19
80
1476
172700
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Caryophyl_all

90
1833
7592

184730

64
706
2
364
211
319
82215
94
998
111540
240792
223805
15394
454
28074
68280
3071
76
7
12

16550
77
5
1
3
80
354576
152521
3218
3335
410
4601

25
22781
1890
241927

Caryophyl_map

4
1626
6356

184528

231
0
96
13
38
81552
55
6
110452
215166
217401
10837
78
27004
68255
1247
9
3
10
0
16544
11
2
0
1
40
353610
135587
2042
1070
94
726
0
2
1660
1470
193388



Country Crucif_all Crucif_map Caryophyl_all Caryophyl _map

Sweden 166808 135852 196095 171227
Switzerland 1357 247 994 157
Ukraine 790 191 154 31
United Kingdom 585804 582687 596461 594908

Table 6b. Overview of the amount of georeferenced distribution records for Cruciferae and Caryophyllaceae
families in EVA database by countries of Europe.

Country Brassicaceae Caryophyllaceas
Austria 11498 16797
Bulgaia 202 314
Croatia 2506 2885
Czech Republic 46521 54146
Denmark 166 728
Estonia 394 405
Faroe Islands 0 5
Finland 126 332
France 30 32
Germany 26916 49527
Greece 166 293
Hungary 53 33
Iceland 35 45
Italy 6966 9422
Latvia 91 522
Lithuania 20 129
Macedonia 408 2
Montenegro 8 668
Netherlands 35891 56645
Norway 340 1185
Poland 7224 11818
Portugal 0 1
Romania 3436 4184
Russian

Federation 756 2332
San Marino 10 9
Serbia 2098 5090
Slovak Republic 16911 18414
Slovenia 7657 5896
Spain 540 974
Sweden 264 704
Switzerland 2809 2583
Ukraine 1158 2833
United Kingdom 3675 7886

Few examples of particular Cruciferae taxa (four spe@asdamine bulbifera, Sisymbrium
strictissimum, Cardaminmatthioli, Sisymbrium polymorphygmillustrating the above
mentioned patterns are presented here. GBIF and EVA data were translated into the AFE
grids in order to enable exact comparison. Depending on the type of the distribution area of
particular species, the percentage of intersection of AFE and GB#; egtressing the
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approximate accuracy of the GBIF data set, ranged from 40.42 to 1.2 %, equivalent data for
EVA range from 23.34 to 3.03%able 7, see also Fig0O2Annex A)

(a)

= intersection
“ AFE Cardamine bulbifera / Dentaria bulbifera

0 500 1000 km
L i i * GBIF Cardamine bulbifera / Dentaria bulbifera

(b)

= intersection
= EVA Cardamine bulbifera / Dentaria bulbifera
0 500 1000km .

L L J - ' AFE Cardamine bulbifera / Dentaria bulbifera|

(o)

= Intersection
EVA Cardamine bulbifera / Dentaria bulbifera

0 500 1000 km '
— * GBIF Cardamine bulbifera / Dentaria bulbifera|

Fig. 20: Graphical comparison of ARESBIF andEVA datasets foanexampe taxa of the family Cruciferae
(Cardamine bulbifera/Dentaria bulbifef@r (a) AFE and GBIF data(b) EVA and AFE data and (§VA and

GBIF data) For the taxa with the centre of distribution in Central and Western Europe GBIF and EVA
complement each otheeasonable well, but for the Eastern European taxa neither of these databases provides
sufficient amount of data.
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Table 7: Comparison of AFE vs GBIF and AFE vs EVA datasets for four example taxa of the family
Cruciferae expressed as the number of AFRdgants for which distribution data are provided by GBIF and
EVA for these species.

No. of
guadrant AFE GBIF Intersect.
Species S guadrants | quadrants | quadrants
Cardamine bulbifera 1076 1016 496 436
Sisymbrium
strictissimum 450 431 82 63
Cardamine matthioli 161 158 8 5
Sisymbrium
polymorphum 249 249 3 3
AFE GBIF AFE GBIF Intersect.
quadrant | quadrants | quadrants | quadrants | quadrants
s only only only in % | only in % In %
Cardamine bulbifera 580 60 53.90 5.58 40.52
Sisymbrium
strictissimum 368 19 81.78 4.22 14.00
Cardamine matthioli 153 3 95.03 1.86 3.11
Sisymbrium
polymorphum 246 0 98.80 0.00 1.20
No. of AFE EVA Intersect.
Species guadrants | quadrants | quadrants | quadrants
Cardamine bulbifera 1037 1016 263 242
Sisymbrium
strictissimum 436 431 31 26
Cardamine matthioli 168 158 19 9
Sisymbrium
polymorphum 264 249 23 8
AFE EVA AFE EVA Intersect.
guadrants | quadrants | quadrants | quadrants | quadrants
only only onlyin % | onlyin % In %
Cardamine bulbifera 774 21 74.64 2.02 23.34
Sisymbrium
strictissimum 405 5 92.89 1.15 5.96
Cardamine matthioli 149 10 88.69 5.95 5.36
Sisymbrium
polymorphum 241 15 91.29 5.68 3.03
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4.3.5 Recommendations

As the analysis showed, there exist several gaps in European plabutimtrdatasets. To
overcome these gaps, here are some recommendations that show how data availability anc
quality could be improved:

1 Encourage European countries to become GBIF members and/or to provide data via
GBIF portal. This particularly concerns waries of Central, Eastern and Scuth
Eastern Europe and Italy.

1 Provide financial support from EU sources to the national vegetation databases,
members of the European Vegetation Survey, in providing unrestricted access to the
distribution data from theidatasets (as is currently done by the Czech Republic).
National vegetation databases contain considerable amount of distribution data on
European vascular plants, including the areas currently not covered by the GBIF.
There is a good will on the side ofopiders to make these data public, but the main
impediment in the countries of Central, Eastern and Seasttern Europe is the lack
of financial support on the national level.

1 Provide financial support from EU sources to the Atlas florae europaeae at the
University of Helsinki, Finland. Currently this serial publication, which is of
European and perhaps also global importance, is supported only from the University
sources and its continuation cannot be fully granted.

4.3.6 Literature

List of published volumesof the Atlas florae europaeae (volumes available for the gap
analysis in electronic form are marked by asterisk)

Jalas, J. & Suominen, J. (eds.) 1972: Atlas Florae Europaeae. Distribution of Vascular Plants
in Europe.l. Pteridophyta (Psilotaceae to Azolae).0 The Committee for Mapping
the Flora of Europe & Societas Biologica Fennica Vanakelsinki. 121 pp. [mapsil
150 + folded base map]

Jalas, J. & Suominen, J. (eds.) 1973: Atlas Florae Europaeae. Distribution of Vascular Plants
in Europe.2. Gymnosprmae (Pinaceae to Ephedraceée)lhe Committee for Mapping
the Flora of Europe & Societas Biologica Fennica Vanahhelsinki. 40 pp. [maps 151
200]

Jalas, J. & Suominen, J. (eds.) 1976: Atlas Florae Europaeae. Distribution of Vascular Plants
in Europe 3. Salicaceae to BalanophoracedieThe Committee for Mapping the Flora of
Europe & Societas Biologica Fennica Vanarielsinki. 128 pp. [maps 20383]

Jalas, J. & Suominen, J. (eds.) 1979: Atlas Florae Europaeae. Distribution of Vascular Plants
in Europe.4. Polygonaceaed The Committee for Mapping the Flora of Europe &
Societas Biologica Fennica Vanamdelsinki. 71 pp. [maps 38478]

Jalas, J. & Suominen, J. (eds.) 1980: Atlas Florae Europaeae. Distribution of Vascular Plants
in Europe.5. Chenopodiacede Basellaceaed The Committee for Mapping the Flora
of Europe & Societas Biologica Fennica Vananktelsinki. 119 pp. [maps 47668]
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*Jalas, J. & Suominen, J. (eds.) 1983: Atlas Florae Europaeae. Distribution of Vascular
Plants in Europe.6. Caryophylhceae (Alsinoideae and Paronychioidea®). The
Committee for Mapping the Flora of Europe & Societas Biologica Fennica Vanamo
Helsinki. 176 pp. [maps 662011]

*Jalas, J. & Suominen, J. (eds.) 1986: Atlas Florae Europaeae. Distribution of Vascular
Plants n Europe.7. Caryophyllaceae (Silenoidea®) The Committee for Mapping the
Flora of Europe & Societas Biologica Fennica Vanartelsinki. 229 pp. [maps 1012
1508]

Jalas, J. & Suominen, J. (eds.) 1989: Atlas Florae Europaeae. Distribution of Vascuar Plant
in Europe 8. Nymphaeaceae to Ranunculacéaelhe Committee for Mapping the Flora
of Europe & Societas Biologica Fennica VanarHelsinki. 261 pp. [maps 1509953]

Jalas, J. & Suominen, J. (eds.) 1991: Atlas Florae Europaeae. Distribution of Vasmisr Pl
in Europe.9. Paeoniaceae to Capparacé&aeThe Committee for Mapping the Flora of
Europe & Societas Biologica Fennica Vanarffelsinki. 110 pp. [maps 1952109]

*Jalas, J. & Suominen, J. (eds.) 1994. Atlas Florae Europaeae. Distribution of Vascular
Plants in Europe.10. Cruciferae (Sisymbrium to Aubrietad. The Committee for
Mapping the Flora of Europe & Societas Biologica Fennica Vanateisinki. 224 pp.
[maps 21102433]

*Jalas, J., Suominen, J. & Lampinen, R. (eds.) 1996: Atlas Florae Europasabubon of
Vascular Plants in Europé&l. Cruciferae (Ricotia to Raphanu8). The Committee for
Mapping the Flora of Europe & Societas Biologica Fennica Vanateisinki. 310 pp.
[maps 24312927]

Jalas, J., Suominen, J., Lampinen, R. & Kurtto, A. [eti899: Atlas Florae Europaeae.
Distribution of Vascular Plants in Europ&2. Resedeaceae to Platanacehe.The
Committee for Mapping the Flora of Europe & Societas Biologica Fennica Vanamo
Helsinki. 250 pp. [maps 2928270]

Kurtto, A., Lampinen, R. & Juikka, L. (eds.) 2004: Atlas Florae Europaeae. Distribution of
Vascular Plants in Europd.3. Rosaceae (Spiraea to Fragaria, excl. Rulius)The
Committee for Mapping the Flora of Europe & Societas Biologica Fennica Vanamo
Helsinki. 320 pp. [maps 32735%0]

Kurtto, A., Frohner, S. E. & Lampinen, R. (eds.) 2007: Atlas Florae Europaeae. Distribution
of Vascular Plants in Europ#&4. Rosaceae (Alchemilla and Aphanés)The Committee
for Mapping the Flora of Europe & Societas Biologica Fennica Vanatdesink. 200
pp. [maps 35573912]

Kurtto, A., Weber, H. E., Lampinen, R. & Sennikov, A. N. (eds.) 2010: Atlas Florae
Europaeae. Distribution of Vascular Plants in Eurdd® Rosaceae (Rubusg). The
Committee for Mapping the Flora of Europe & Societas Biolodtieamnica Vanamo
Helsinki. 362 pp. [maps 3913708]

Kurtto, A., Sennikov, A. N. & Lampinen, R. (eds.) 2013: Atlas Florae Europaeae.
Distribution of Vascular Plants in Eurap&6. Rosaceae (Cydonia to Prunus, excl.
Sorbus) 8 The Committee for Mapping the dfd of Europe & Societas Biologica
Fennica Vanamo Helsinki. 168 pp. [maps 4708878]
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EVA references

Chytry, M., Hennekens, S. M., Jimén&Karo, B., Dengler, J., Agrillo, E., Angelini, P.,
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sazu.gBookofAbstracts.aspx
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59


http://evs.zrc-sazu.si/BookofAbstracts.aspx
http://evs.zrc-sazu.si/BookofAbstracts.aspx

Annex A: Graphical comparison of AFE, GBIF and EVA datasets for three example taxa of the
family Cruciferae (for (a) AFE and GBIF data, (b) EVA and AFE data and (c) EVA and GBIF data).
For the taxa with the cemt of distribution in Central and Western Europe GBIF and EVA

complement each other reasonable well, but for the Eastern European taxa neither of these database
provides sufficient amount of data.
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Cardamine mattioli / Cardamine pratensis subsp. mathioli
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Sisymbrium polymorphum

(a)

&‘71 —
*
v
=
g “-,%' 2
' 1
%
‘RI'- © = intersection
0 500 1000km i * AFE Sisymbrium polymorphum
= e * GBIF
(b) ="
&
et Y
/ .
%
e * = Intersection
o 500 1000km i © EVA Sisymbrium polymorphum
L 1 s “ AFE
(©) =
: ,.-wei’a’“ﬂw 3% X
b = -
e O
A e @
r’ ol B
A = 77
% o .
T et =
- f
» -
i B
i 7 :
'\‘\‘
W
%
;\"- = intersection
0 50 1000km 3 S EVA Shymbmfm polymorphum
oy e Rzt

62



4.4 FOCUSEEREVIEW OF GAPS IN &IFIC DATABASESGAP ANALYSIS ABOUT
MARINE SPECIES DISIBUTION AND TRAITS

This gap analysis is scienrogiented.It lists a number of gaps that scietdisleem to be

addressed to answer policy makersodo questic
higher level of knowledge integration (see the BioFresh report on the Gap analysis for
Policy makers), but this is not the goal here to link scietistsl at a and i nf or m;

pol i cy maker s dorthepurpdseof adpety, \geanelsde a short glossary at the
footnote

4.4.1 Introduction and Data Sources

The main target for the marine species are all marine vertebrates (FIX)efajobal
analysis, and all marine species for Europe (HCMR).

The development oftheganoal | ed A Ni che modelingodo has tr|
Biodiversity Information Facility (GBIF) for all species, and the Oc&ogeographic
Information SystenfOBIS) far the marine life zone. Both organizations aim at gathering the
maximum of occurrence data, if possible preciselymgderenced point data.

After almost 15 yeargywo main general conclusions are well established:

- Data are scarcé/ery few species have ma data allowing longerm studies (or
even seasonality sties$), most of species do not have electronically recorded data or
a few (either data do not exist, or are not computerized at all, or computerized data
are not delivered to these aggregatorsRt,Itechnical, or ignorance issues).

- Data are not of good qualityn addition to sampling bias, data aregeneralpoorly
curated by providers, and febdck mechanisms from aggregators to providers
worked in a handful of cases only.

For marine specieghe situation isomewhatbetter thanks to the effort of the Census of
Marine Life for OBIS. Some quality control and data cleaning are being undertaken in
collaboration with the World Register of Marine Species (WoRMS).

Seehttp://www.iobis.org/about/statistider the current statistics in OBIS. Currently, only

half of the estimated 115,000 valid species that have an occurrence data in OBIS have more
thanthreepoints. The number of valid speciepre e sent s 6éonl ydé half o
marine species of which about 221,000 are currently listed in WoRMS

FishBase is @lobal species databaséfish species (Froese and Pauly, 2000). It contains
comprehensive species data, including information on taxonootgurrence and

14 Glossary:

"Biodiversity data"-Ther e is a current trend to use the | ocution fAbiodiv
communication effect of the bisquie migleading, aficowe ardei colleagues td usethat laegiont h i r
only for datasets that cover or potentially cover the three levels of biodiversity, genes, species and ecosystems.

Point data A point data is a minimum information triplet comprising aotaxame, a location (locality name and/or-geordinates), and
a date.

Occurrence data An occurrence data is a minimum information doublet comprising a taxon name and a geographic area (from a
continent/ocean down to a point data), usually with a tinfekmation, the occurrence status (endemic, native, introduced, etc.). The
major difference with a point data is the usual absence of the time dimension (but it can be indicated as well), arithadeygdiood
as the historic period.
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geographical distribution, biometrics and morphology, behavior and habitats, ecology and
population dynamics as well as repuotive, metabolic and genetic data. It also features a
number of tools such as faunal checklist, identification keys and field guides, trophic
pyramids and fishery statistics among others. FishBase is linked to other databases and
global initiatives suchas the Catalog of Fishes, GenBank, LarvalBase, GBIF, OBIS,
FishBoL and the IUCN Red List. It currently has information for over 32,800 species,
303,100 common names, 49,800 references from the literature, and 56,100 pictures.

Catalog of Fishes as of weblpished version 19 May 2014The Catalog of Fishes (CofF)

of W.N. Eschmeyer (California Academy of Science) is the world taxonomy and
nomenclature authority database for fishes. The Catalog contains around 60,000 names of
fishes and 34,000 references aial It is updated every four to eight weeks.

SealifeBase is patterned after FishBase and maintains an information system for all other
aquatic organisms, estimated at around 400,000 species. Nonfish marine organisms,
numbering roughly 200,000 species, #ne current target of the project, with focus on
metazoans first followed by marine plants. Key information include data on life history,
trophic ecology, and marine biodiversity lists with the goal of making available the
biological information necessaty conduct biodiversity and ecosystem studies.

World Database on Protected Aresof web published versidiovember 2013WDPA is

the most comprehensive global database on terrestrial and marine protected areas, and is
joint project of IUCN and WCMC. Protected area coverage and statistics are generated
assessing progress towards international biodiversity protection targets. Here, only the
global data set for marine protected areas was used.

4.4.2 Results

The results are discussed in three levels of roegdion: ecosystem, species and
population/genetic level. For the analyses on the ecosystem and species levels, we usec
point data from GBIF/OBIS rounded to HdMegree Cells (HDC) with 0.5%atitude x 0.5°
longitude resolution and without time dimensidie also used FishBase (for occurrence
datg species traits and population/genetic data) and SealifeBase (occulegcehe
IUCN-WCMC World Database on Protected Areas (marine protected areas), and the web
version of Echmeyer's Catalog of Fishes (faladan the number of fish species described).
Results of targeted web searches were also used for identifying potential, unexploited and
inaccessible sources of data.

Gaps on aEcosystemlevel: Comparison of country occurrence data between OBIS/GBIF
and FishBasdSealifeBase™

At the level of ecosystem, particular geographic areas are the national territories and their
marine extensions, the Exclusive Economic Zones (EEZ). Species are not constrained by
administrative boundaries, but all conservation measeaven if regulated at regional or
global levels are enforced on the ground by countries and their administrative subdivisions.
It is then crucial that governments and their administrations are well aware of which species
their territories host.

15 FishBaseandSealifeBase datas published on the web under the version February 2014,
for more information seishbase.orgnd sealifebase.arg
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To estimée the knowledge in that domain, we have compared for marine vertebrates (fishes,
reptiles, and marine mammals) how many occurrence data are reported for countries in the
literature (as recorded quite completely in FishBase and SealifeBase), with how many
country records can be inferred from HDC occurrence data, which is the scale at which the
AquaMaps are elaborated. The number of countries per species in the two cases should be
equal.

Fishes
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Fig. 21: Number of occurrence data by Haélegree Cell (HDC) er species computed from GBIF/OBIS/
FishBase data for marine fishes.
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Fig. 22: Gap in the number of countries covering the native range of marine fish species. The gap is expressed
as the difference in the number of countries occupied by a speciesdmasedurrence points and the number

of countries where a species naturally occurs based on the literature as documented in FishBaggisThe x
shows the range of difference (axis values represent upper limits) whileattie shows the number of species

falling within a range. Positive values in thexis represent cases where species country count based on point
data are higher than species country counts in FishBase. Negative values represent cases where country count
in FishBase are higher than spsccountry counts based on occurrence point data..

The Fig.A2 summarizes the datwith regards to the umber of occurrence dat®f
approximately. 17,100 fish species occurring in marine waters (incl. 780 diadromous
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species), point data are availablenfir6BIF/OBIS for about 16,100 species (94%). On the
average, there asevenpoint data per HDC per species, while the maximumtpata for a
species is 21,00Qarge data records can typically be attributed to the industrial commercial
species that arsurveyed intensively by fisheries institutes and departments around the
world (but data may be protected or fuzze&dt).a few species, especially cod, tunas, and the
like, may have thousands of records over the past 50 years.

All ca. 13,600 species over.ch6,100 (84%) with a difference betweén(more county
occurrences by species from literature than from point data)5atide reverse) can be
considered well documented at country scdtey.(22). There are a number of small
countries where the speciase not reported from the literature or where point data are
missing which explains the differences.

However we did not expect that the majority of larger differences (ca. 1,800 over 2,000)
would be about more country occurrences from point data thanlitevature Fig.22). The
analysis of the species involved shows that it is in large majority oceanic species, either
mesopelagic (Myctophidae), bathypelagic or bathydemersal, and a few epipelagic. It means

fishes, and that the oceanic species are ignored when they do not reach the coasts. This is O
concern in the view of the increase of the snegulated exploitation of high seas, seamounts

in particular; thats, even when these waters are within an EEZ, their biodiversity is not well
known. There are a few cases where a former specids widespread distribution has
recently been split in two or several species but the point data were not corrected.

The 590 pecies without allocated countries are the oceanic species living only in the middle
of the Atlantie, Pacific and Indian Ocean, and do not occur in any EEZ. These are mostly
deep sea speciedNote: Encyclopedia of Life (EoL) has a Biosynthesis Projeat fo
establishing the list of all deep sea fishes which started through a workshop gathering most
of the specialists in the domain. Unfortunately, the country distribution is not considered as a
priority; and, the project is not yet finished as the positiothe principal actor is currently
vacated. Funding to fill the position to finish this work could be helpful.

Only 22 species afeptiles over 91 have geeferenced point data. All marine turtles (7 of
7), saltwater crocodile@ of 3), and the marine igna (1 of 1) are represented, while only
11 sea snakes over 80 species are covered.

For reptiles, the figure is comparable to fishes, but at a lesser déggee3). It is mainly

six of the seven marine turtles that are more reported in countries mydada than by
literature. As they aremblematicconservation species in many countries, it seems that we
need to check SealifeBase and complete the country list from unseen literature.

The case of marine turtles will be treated with marine mammalslioat the same pattern.
For iguanas the match is perfect. For crocodiles, the match could be better but do not
represent a concern.
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Fig. 23. Gap in the number of countries covering the native range of marine reptiles. The gap is expressed as
the difference in the number of countries occupied by a species based on occurrence points and the number of
countries where a species naturally occurs based on the literature as documented in SealifeBase. The x-axis
shows the range of difference (axis values represent upper limits) while the y-axis shows the number of species
falling within a range. Positive values in the x-axis represent cases where species country count based on point
data are higher than species country counts in SealifeBase. Negative values represent cases where country
counts in SealifeBase are higher than species country counts based on occurrence point data.

Boa constrictorhas been spotted in several countries on beaches and consequently reported
from the suprdittoral zoneof marine areas, but obviously, point data could hardly be in the
real marine water areAcrochordus granulatysis a freshwater and brackish water species
occasionally found at sea, so it has very few marine point data. These two species are not a
concen but they are representative of those species living at the edge of the marine life
zone, like those freshwater species occurring also in brackish water. Caution must be
exercised when performing analysis where these species should or should notdsslinclu
knowingly.

For other sea snakes the concern is less the country record difference than the large gap o
georeferenced point data for 84% of species (69 over 80). These snakes are not collected by
usual oceanographic cruises but through dedicated ¢gnspaonducted by specialists
knowing where to find and how to catch them, which limits the number of available data.
However catches and observations are reported in the literature.
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Fig. 24: Gap in the number of countries covering tiaive range of marine mammalkhe gap is expressed as

the difference in the maber of countries occupied by a species based on occurrence points and the number of
countries where a species naturally occurs based on the literature as documented iB&ealifee »axis

shows the range of difference (axis values represent upper limits) whileattie ghows the number of species
falling within a range. Positive values in thexis represent cases where species country count based on point
data are highethan species country counts in SealifeBase. Negative values represent cases where country
counts in SealifeBase are higher than species country counts based on occurrence point data.

Although presenting a better match than sea turtles on the positfeesiices, marine
mammals present an unbalanced figure on negative differences; i.e., there are more country
records from literature than deduced from point diig. @4). Like turtles, marine mammals

are the subject of many surveys by scientific ingthg and conservationist NGOs, so it is
doubtful that there is a lack of point data for 41 marine mammal species over 142 for so
many countries. It means that the data for these species, mainly resulting from visual surveys
and not from museum collectiofwith respect to their size), are not served to aggregators
yet.

This anaysis could be repeated witlarge Marine Ecosystems (LME) or with other system

of ecoregions (e.g., WWEFNC MEOW'®). For LMEs, data are available for vertebrates in
FishBase and in S¢ifeBase, but not complete enough in SealLifeBase and WoRMS to draw
conclwions for the invertebrates (just like for countries above). For ecoregion systems, there
is usually no complete allocation of species by ecoregion. This allocation can be done by
overlaying point data or published distribution polygons to the ecoregion layer. However,
while having an independent allocation from the literature allows quality control- cross
checking, we would lose the independence of two datasets to be compared.

For vew large areas like realms or FAO areas, the results are much closer to a perfect match,
which means that global analyses at those scales can be performed with the existing data.

http://mww.worldwildlife.org/publications/marinecoregionsof-theworld-a-
bioregionalizatiorof-coastalandshelfareas
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Gaps on a Ecosystem level: $ecies in European marine protected areas (MPAS)

We used the haflfiegree cell occurrence data for marine fishes (see previous section) which
we filtered using the World Database on Protected Areas MPA layer (IUCN and-UNEP
WCMC, 2013) Thisincludes areas that have a special status but that are not mhasage
conventional marine protected areas (MPAS): fishing restricted areas, listed natural sites to
be monitored, international convention areas (e.g. OSPAR). We have also usat)hedf

cells that may includan MPA where some species may not find tberect habitatFig. 25

shows a summary map of these data.

About 10,500 marine fish species have occurrence data in marine protected areas globally.
This covers approximately 61% of over 17,000 fish species occurring in the world's oceans.
In European wats, around 800 marine fishes have been recorded from within MPAs,
covering roughly 63% of over 1,200 fish species known from seas around Europe.

Fig. 25: Occurrences of fish species recorded from MPAs (IUCN and UWERIC, 2013).

We also comparetharine fishes in Europe with and without occurrence data in MPAs and
examined their data coverage in terms of commercial importance, IUCN Red List and
habitat (generally considered to be the adult feeding and breeding environment). A summary
of the comparisonsf data coverage is provided fing.26a-26c.

Most species that are of importance to European fisheries (i.e., highly commercial,
commercial, minor commercial and subsistence) have been found within FRA6a).

About 76% of these species (368 out 88¥thave occurrence points within MPAs. On the
other hand, for species that are currently of no commercial interest, 60% (141 out of 232)
have occurrence points within MPAs.
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Fig. 26a: Comparison of data coverage on commercial importance for marihesfiwith and without
occurrence points in marine protected areas in Europe.

About 569 species have not been recorded in fisheries statistics and are currently regarded a:
uncl assified.® This group coul d bestcdo nmba
come up with a total for species that are currently do not contribute to fisheries. That would
allow comparison between the numbers occurring in MPAs for species that are of
importance to fisheries and those are not. Comparing these two groups,78boLof
species of importance to fisheries and 55% of species that currently do not contribute to
fisheries have occurrence points within MPAs.

About 64% of the species categorized as ©0
endangered 60%; endgared 69%; vulnerable 79%) have occurrence points in MPis (

26b). For species that have been found to be data deficient for IUCN threat evaluation, 41%

(32 of 79 species) have occurrence points within MPAs. Around 921 species are either not
yet evaluagd or not categorized. Of these, roughly 63% have occurrence points in MPAs.
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Fig. 26b: Comparison of data coverage on IUCN Red List threat status for marine fishes with and without
occurrence points in marine protected areas in Europe.
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Fig. 26¢c: Comparison of data coverage on IUCN Red List threat status for marine fishes with and without
occurrence points in marine protected areas in Europe.

On average 62.5% of the species, which can be classified by habitat type, have geo
referanced occurrences iMPAS (Fig. 26¢). The species are spread across different habitat
types and have the following composition: pelagic 69%, demersal 62% benthopelagic 68%,
bathypelagic 64%, bathydemersal 47%, and-assbciated 66%. The relatively low number

of bathydemesa species with occurrence points in MPAs may be due to the relatively
shallow depths covered by MPAs, and probably needs to be investigated further. Overall,
occurrence points in the MPAs cover demersal species (S08htly morethan pelagic
species (4%).

Gaps on a species level: Analysis of gaps in knowledge of species traits:

FishBase database (as of 31 January 2014) was queried to examine information gaps in key
tables covering data on life history traits, ecology and genetics of marine fislesl| as

picture collectionsTable 8 gives a summary of data available for a number of important
traits for fishes, and include the total number of records per topic, the number of species
with records, and the percentage of this number with respect tot#heaumber of species

in the database.
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Topics No. of Spp. % Spp. No. of Records

1) (2
Reproduction 6,359 37% 6,377
Spawning 2,057 12% 4,124
Larvae 2,409 14% 2,421
Eggs 2,632 15% 2,639
Maturity 1,920 11% 5,400
Maximum length 4,898 29% 10,172
Growth 1,551 9% 7,106
Mortality 1,551 9% 7,106
Length-weight-relationship 2,757 16% 8,406
Ecology 6,979 41% 6,989
Food 5,484 32% 36,583
Diet 1,881 11% 49,747
Predator 1,686 10% 5,328
Genetics 1,058 6% 2,953
Pictures 11,124 65% 38,109

Table 8: Gap analysis of traits in FishBase for marine fishes . (1): number of species with at least one record
for the corresponding topic; (2): percentage over 17,191 marine species.

FishBase has gathered fish data from over 27,000 references tdatdés list some of the

key topics covered by the database. In general, despite the amount of literature covered, date
on most traits cover less than 16% of marine fish species with the exception of reproduction,
maximum length, ecology and food items whiclveoabout 30%10% of species. There is

good coverage for fish pictures which currently cover about 65% of marine fishes.

Examination of number of records against the number of species covered provide useful
information with regards to the sparseness dadds in data coverage in the literature. For
instance, there is effectively one record per species for information on reproduction, larvae
and eggs. The other traits have around three records per species on average. Data on diet, o
the other hand, is satantial with nearly 50,000 records yet covers only about 1,800 species,
or 11% of marine fishes. From the biodiversity point of view, data is sparse with respect to
the number of fish species covered and the amount of data on traits currently available.

One possible solution to get estimations for missing traits is to use the Bayesian approach
which has started under the European profefCOKNOWS to estimate lengtiveight
relationships(Froeseet al, 2014) A summary of these efforts will be given foretfinal

report from the reports froBCOKNOWS(ending in August 2014).

One possible solution for filling the gaps would be to engage students in marine biology to
study less documented species instead of repeating their university work always on the same
species (or at least in addition after training on vkelbwn species). This would require a
minimum of organization in universities but it could yield rapidly a number of data that
could be published over the Internet.

One possible solution for increasitige number of occurrence data and habitat record is to
engage in citizen science. A number of experiments have already proven that good data may
be accumulated in such a way (Bodilis et al., 2014; Edgar et al., 2014), even if there are
limitations using tis approach to elaborate or test scientific hypotheses (Bernard et al.,
2013; Dickinson et al., 2010) that however may be overcome by statistical treatments (Bird
et al., 2014).
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Gaps on a species level: Identifying potential, unexploited and inaccessible sources of
data: trawling surveys, scuba diving visual census

Trawling surveys are conducted by governmental or scientific institutes for discovery of new
fishing grounds or for evaluation the status of exploited stocks. Visual census surveys are
condut¢ed by scientific institutes in shallow waters where other sampling methods are
inefficient or when nosdestructive methods are required.

The aim of the work is to establish if reports and associated data are made freely available
and easily accessible tdugh the web.

Trawling surveys

An advanced search with Google @ndta repository all( these words and fitrawling
survep (t hi s e x ac tyieldecbanlg 26dinks. pllhthe dirkksewere explored to
search for downloadable data.

It seems that verfew trawling survey dataset are available on the web. The main reason is
that these data are under strict IPR, and countries refuse to share what they consider as
strategic economic data. WorldFish had an experience building a database (TrawlBase) with
anumber of ASEANcountries It cannot be used for analyses as each country must give its
agreement to use its data everiuzzed.This important source of data, because it usually
includes bycatch, is thus unavailable for biodiversity studies except morination
produced by the fishery institutes or departments that have conducted the survey, and have
disseminated fuzzed data as maps or highly aggregated tables only. The saeéor the
European programme MEDITS.

If the word "repository” is removedhen the search yields 12,400 links (yet with many
duplicates, e.g., the Guinean Trawling Survey). A subsample will be analyzed, excluding the
72 links as above.

Visual census surveys

Anadvanced s ear c hdataviepositoyGall(ahgse avords misuafi census
survey (this exact word or phrase @mderfated ,'Scuba diving" "skin diving"(any of
these wordgyielded only 2 links, and without ‘repository’, 4,740.

Gaps on a population/genetic level: P rimary analysis on gaps at stock/population | evel -
elaboration of a proposal for future projects

The aquatic genetic resources are not document at global level like for crops, cattle, poultry,
and forestry. For more than 15 years when this question was raised by WorldFish to FAO,
there is a lack opolitical will to engage the world community to accumulate data at
population level.

FishBase and SealifeBase have been structured to record such information, but the lack of
funded project explains the very low numbers for only 135 species presenietdlend
compared to a total @bout7,500 fish species that are used by humans in a way or the other
(food, aquarium, fish gamend &en for spa).

Rank No. of Stocks No. of Species
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Cultures strain 74 8

Hybrid 10 6

Subspecies 51 30
Wild stock/population 270 91
Total 405 135

Table 9: Number of records in FishBase for stocks/population/strain ranks.

The stock information were mainly collected for European marine fish stocks for the
European projedeCOKNOWS The aquacultured strains are more about ogusd)
country commodities (tilapias in particular).

Gaps on a population/genetic level: S pecies that lack barcodes in the Barcode of Life
Data System

As of T of March 2014, there are 10,185 fish species (that have at least one barcode in the
BoLD system(for 94,836 specimens, about 10 specimens per species on the average).

There are already a number of families where thigochondrial cytochrome ¢ oxidase 1
gene(CO-l) barcode does not work for various reasons:

A Acipenseridae (sturgeons): the lineagguge ancient and it seems that the evolution
of CO-l has been reduced since the radiation in XXX (period/age).

A Cichlidae (cichlids): in the great East African Lake, the radiation is too recent and
explosive (flocks of species), mutations are not fixed yet

Other markers exist but may have not bstmliedyet for these groups.

Gaps on a population/genetic level: S pecies still to be describ ed

The literature on this topic is quite abundant. For the marine spggastsllo et al. (2010)

As of February 2014there are 33,065 valid described species recorded in the Catalog of
Fishes (CofF), whereas there are about 32,800 species recorded in FishBase. The difference
is due to the delay between the acquisition of literature and its full exploitation for
morpholay, identification keys, pictures, distribution, biology, ecology and occurrence data
compared to CofF which is limited to taxonomy and nomenclature, and short textual
distribution statements. The trend of fish species description since Linnaeus 1%&8 isrgi

Fig. 27.

At the turn of the millenniunin 2001, Eschmeyer and Froese presented a poster at the 10
European Congress of Ichthyology in Prague where they predicted a total number of extant
finfish species about 35,00fut alreadythe number of 33,@was surpassed in November
2013 (estimation N. Bailly from various sources).

As we can see ORig. 28, since that prediction, the number of species described per year
increased significantly. Moreover the tendency of the curve is slightly geometrichésee t
cumulative curveFig. 29), not even linear, which means that nobody is able today to
compute a reasonable estimation of the total number of extant finfish species.
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Fig. 27. Number of new species described per year sincmddgus (1758) up to 2014 [Source of data:
Eschmeyei Catalog of Fishes web version 05 February 2014.]. 2014: already 56 new species are described
asofMarch 2014, sour ceWeltDrfsghe)k and Schr aml
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Fig. 28: Number of new fish spededescribed per year between 1984 and 2013 (the past 30 years) [Source of
data: Eschmeyér Catalog of Fishet web version 05 February 2014.]
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Number of fish species described per year (1984-2013)
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Fig. 29: Cumulative number of fish species described since Linnaeus (1758) up to 2014 [Source of data:
Eschmegri Catalog of Fishes web version 05 February 2014.]

Recent experiments in freshwaters of Brazil and Kenya yielded three times more species
with barcoding approach than compared with what is known. In marine environment-in Info
Pacific, a study onTrimma genus (Gobiidae) yielded 1.8 more species with the same
methods. Another current trend is to elevate the Red Sea populations at species rank to
separate them from the Indian Ocean populations; already 20 of those were recently
described in the past tlegears.

However these potential new species are not all yet confirmed by further analysis. And there
are debates about the species concept and what should be the barcode difference threshol
for a species. Currently, some 2,000 fish barcodes over apmtety 95,000 barcoded
specimens are unnamed in the barcode BoLD system.

In the current state of knowledge, it is difficult to imagine that all large marine species will
be split into three different species each, or that there will be as many new desolke

use of depths sounds promising, but there are only few recent expeditions and less and less
specialists, so a very little percentage of new species per year are described from deep sea
However as an example for Ophidiiformes, there could be asyms 100 new species
awaiting their descriptionNjelsen and Mgller, 2013ers. comm.). Too little is known

about the larval cycle and the capacity of dissemination of the deep sea species.

Thus, supposing there are three times more species in @atanrently accepted as valid,

the number of finfish species would reach approximately 100,000 maximum. One prediction
that is most reasonable is that eventually there will be more freshwater than marine species
due to the isolation of basins/catchmenmepared to the marine environment, which
facilitates speciatiant is confirmed by the increasing ratio of freshwater species described
per year in the past 20 years (from 45 to 55% on the average).
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4.4.3 Target High-level Questions

1. Can we identify status anttends of [European] specieCan we identify status and
trends of biodiversity taking interspecific phylogenetic or intraspecific genetic diversity
into account? Can we assess the risk of extinction

1 Data on traits (ecological, I#kistory, morphologideetc.) of species

There is currently a trend in developing databases for traits and ecosystem services for

marine species. Unfortunately, there isn't any aggregator system which can accumulate all

the information made available although TRAITBANK was deed by EOL to play tki

role at the global scalgttp://eol.org/info/516)At the EU scale, such an initiative has been

undertaken by the EMODnet Biology project, coordinated by VLIZ. Other examples include
(1) FishBase for finfishes wivw.fishbase.oryj (b) PolyTraits for annelids

(polytraits.lifewatchgreece.eu); (c) SealifeBasev{v.sealifebase.ojgfor all non finfish

marine organisms.

These databases are far from pdgte, and it is unclear what part is still unknown (i.e.,
species never studied) and how much of the published part is not yet encoded in the
database. Estimations are tho@nsuming. The problem is aggravated by the following
facts: (a) the autecologi@l work has not been funded unless for the species with a certain
economic value; (b) the fundamental taxonomic work was never a priority for funding both
from the EU and the state research funding instruments; (c) the quality of data is not always
at thelevel that is needed to perform any analysis at the EU scales since every researcher
makes choices about the traits to be included in each of the database and the ecosysten
services they are connected to.

One option to temporarily fill the gaps is to uke Bayesian statistical approaak has
recently beerexperimented under the EC FELCOKNOWSproject in FishBase for traits
necessary for stock assessméhtseseet al., 2019.

One issue that has prevented data exchange in that domain is the lackeofgoiology:

how to store information about species traits for a whale and for a crab in the same database.
A previous effort led by GBIF in 2007 failed to achieve this goal, but a second attempt by
the EC FP7 project EModNet has recently establishee_avdl hierarchical system that
seems to accommodate this trait diversity. It remains to implement that ontology in the
various databases and to develop the finest levels for each taxonomic group.

1 Data on phylogeny / genetic diversity of species

Phylogeny las made recent progress at all levels thanks to the development of sequencing
methods and of the bioinformatics domain. The animal phylogeny at phylum level is
currently the object of many recent publications, but there are still some issues debated
(Coelenterata hypothesis or not?). Data are made more and more available so there is no
concern here except to support that domain.

But at genetic variability level, there is a global lack of repository. See Question 6 for the
current issue on the Aquatic Gewrdiesources. All of the sequences produced at the species
(e.g. metazoa) or operational taxonomic unit level(e.g. archaea and bacteria) are currently
stored in GENBANK, which does not support all those functionalities in order for the data to
be availablefor other aggregator@ilso, there isno informationon the metalata for their
provenance.
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As the metabarcoding and metagenomic data are being produced at big volumes, the above
problems will be increasing. On the other hand, the new datasets willylasges$t our trend

analyses at large scales since these datasets are more easy and relatively less expensive th
the ficonventional 06 methods of sampling anc

M Occurrence / abundance data over time

Datasets are far from being complete wgioto perform analyses on many species (see the
statistics page of OBIS). The analysis of the OBIS data at the EU scale has been published
by Vandepitte Et al. (2011)

A massive experient had been attempted during the MarBEF NoE, which resulted in a
series of databases from various ecosystem components, such -aanudetacrofauna. The

main results of the analyses of these databases have been published in a Special Issue b
Somerfieldet al. (2009).

1 CurrentRedList status of the species

The status of threat of marine species is globally assessed by IUCN under the Global Marine
Species Assessment programme. The number of species assessed increases regularl
However, besides the vertales, the number of groups to be assessed is still high.

In addition, country or regional assessments (under the IUCN hat) are performed. The

situation for users may be confusing as a species can be regionally endangered, while be of
no concern globally. A example is the fisBciaena umbran the general Red List database:

No result is given because the species has only been regionally assessed at the
Mediterranean Sea levahd is assessed as threatened on a national level (in Turkey)

1 Data on major threéa to European species

There is a good knowledge of potential threats to species (in particular, exploitation for food,
insidious pollutions, oil spills, etc.), however there are new threats (e.g., plastic
microparticules) that should be the object obdet studies.

Groups with uncertain taxonomy are also less studied from that point of view.

2. Can we assess the status and trends of [European] ecosystems and ecosystem services?

Like in many cases, there is enough data to demonstrate in generalitifecinyare the
general status, trends and threats of/to ecosystems and their mechanism.

But detailed data are usually missing at local sdalessess the ecosystem and their trends,
or at least the density in space and time is so low that even withmerfostatistical tool,

the range of results is too wide or uncertain to give clear indications to policy makers (e.qg.
Beaumont et al. 2007, Galparsoro et al. 2014).

The only way then is to apply the precautionary principle based on the few examples,

studed in details. However, due to the complexity of the studied systems, each particular
case may or could require adaptations of the solutions for better and sustainable exploitation.
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One exception to all the questions below may be the fishery/aquacultaeenddlowever,
raw data are usually protected and not disseminateid only available afuzzed and/or
aggregated.

A. Lists of species and the ecosystem services they perform

There are only a few studies. MARBEF Theme 3 has summarized the list of sénaices
could be expected from marine ecosystems (Heip et al. 2009).

B. Occurrence data for relevant ecosystem services

A very few studies have mixed so@gonomics and biodiversity data.

C. Comparable geoeferenced occurrence (abundance) data over time

Except fa fisheries, no other data, or lotgrm series are linked to ecosystem services.

D. Can we infer ecosystems from occurrence data or do we need independent data on
ecosystems and their composition under ideal / natural conditions?

Ecosystems are by definitiothe interactions between the living organisms and the
communities they form with their environment. It is not really safe to infer ecosystems from
the species occurrences data because many of th@dier species in a certain ecosystem

can also be presein another one with a slightly different role. Also, the mechanisms by
which the species come together and form communities may be different in the different
ecosystems or even in habitats within ecosystems. Therefore, the safer way is to map the
ecosytems and grounttuth the findings of the mapping techniques (multiple-sdan,

etc.).

Hence a logical answer is that we need data on both.

E. Does sufficient taxonomic data exists (regarding number of species / species names,
estimation of number of darkxa etc.)

There are still gaps of taxonomic knowledge for a number of groups (e.g., Nematoda),
usually those with species of small size, living in cryptic habitats, and requiring some
technology for taxonomic analyses. These gaps are under constantsabhgly&ioRMS,

PESI and especially under ERMS for Europe.

The finer the scale the patchier the faunistic and floristic lists become. The complete list of
species in the Mediterranean, for instance, may be well known, but at the scale of a bay, a
lagoon or amall island, there are too few validated lists, and regular monitoring.

So the trend at sea scale are relatively well known, but not at fine scale.

F. Data on major threats to ecosystem functioning in Europe

In general, there is enough data to demonstragemeral which are the threats to ecosystem
and their mechanism.
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But locally, there is generally not enough data to demonstrate that a particular threat is
running in a given location (except the places where the threat has been study and that were
used asn example for general conclusion).

In essence, the type of threat and their mechanism are well known, but data to demonstrate
joint effect oftwo or more threats are lacking. as usually threats were studied separately due
to the complexity of systems. Ndimear cumulative effects are almost unknown.

3. Are we closing the biodiversity knowledge gap (poorly known organisms, ecosystem
services, areas)?

In general, the answer is negative. There are few exceptions localized in time and space such
as fish andigheries datasets, the North Sea ecosystr®s hannel ecosystems, the ATBI
and LTER sites established in Europe.

A. Trends in accumulation of occurrence data (of different quality) over time with respect
to taxonomic groups, geographic areas, ecosystentsgy genetical information, etc.

B. Lists of species and the ecosystem services they provide if analyzing ecosystem services
knowledge gaps

The number of such studies in the marine environment is very low, partly because the field
is relatively new.

An exception could be the Ecosystem Approach to Fisheries, which actually encompasses
sociceconomic studies especially for smstlale fisheries (in coral reef ecosystems in
developing countries, see WorldFish). FAO is currently engaging in many efforts toteromo
that approach and the iMarine infrastructure developed under the eponym FP7 European
project is being develau with socioceconomic oriented Virtual Research Environments.

Aquaculture is obviously another domain where data exist. Although it seeneseatgh of
biodiversity studies, marine farming has deep impact on ecosystems and their exploitation.

However, a few attemptsn mapping and assessing ecosystem goods and sdraiaesnly
recently occurred in the literature (e.g. Salomidi et al. 201 yaBsdro et al. 2014)

C. Improvement of the quality of occurrence data (removal of duplicates, validation etc).

OBIS has engaged in such efforts, and basically the marine biology community relies on
these efforts. Several cleaning packages exist, but areefichdvertised enough or are too
focused on one group or one region.

GBIF has also developed a tool for cleaning data in the context of the VIBRANT (e
Infrastructures) project, theath quality improvement module (GBIF), a report of which can
be found athttp://www.slideshare.net/DavidRemsen/tdiugmsen

There are individual researchers that have taken the work to clean data. However, they fail
to report back to original providers, and international aggregators. One technical reason is
the lack of Global Wique ldentifiers for point data records. For two years, GBIF has tried to
use its own identifiers as a potential solution, but it is not yet advertised and still under
experimentation.
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Progress were made during the EC FP&i@iosphere but what remaingo be done is the
actual implementation of possible solutions, and/or for GBIF to publish its solution.

D. Improved quality of the taxonomic information (building a global registry of species
names, compatibility problems between CoL and GBIF classifications)

This issue is being addressed by the Global Name Architecture where GBIF and CoL are
engaged, and by WoRMS for the marine environment. Pieces of the puzzle are there but the
procedural links between them remain to be established.

4. Are we filling the g@s in historical knowledge (in relation to available historical data
in collections, literature and normobilized digital datasets) so we can evaluate kbegn
trends?

A. Trends in accumulation of historical occurrence data (of different quality) accoading t
different time spans (lontgrm distribution data at least with the beginning of the 1980ies).

B. Estimates of the total amount of available historical data in collections, literature, and
nonmobilized digital datasets

The two points are treated together.

Previous European projects like BioCISE, ENSHIN and BioCASE have addressed that issue
(even if not necessarily focused on marine data). BioCASE holds a metadatabase. However,
assembling metadata was a major effort from the project partners, with medicessu
Analyzing collection content from a metadata point of view (how many specimens,
geographic and period coverages, etc.) is “woesuming in the absence ofa
computerization strategy. Even with weliganized manuscript catalogues, collection
curatos estimate that they have little time to answer questionnaires, and update the
information regularly. One of the informal conclusions of BioCASE was that assembling an
updated metadatabasensumesoo much time effort, and/orfunding unless there is a
strong incentive for curators to be involvethe same result was found by the BioFresh
project for its metadatabase about datad&is then as datasets were mostly computerized,
the project partners could cope with the absencesgfonses fromolleaguesdy elaborating

a minimum metadata by themselves to be just checked by data owners.

So all analyses that could be done would have a very wide uncertainty range. See the recen
analysis of EurOBIS (2011).

Many historical data remain to be digitized, notyofibm the (main) museum collections,
but from the literature, including from the narrative part of expeditions like done by Jackson
et al(2011) Palomares et §2006) Holmet al (2010)and other poteral sources

The primary potential source of datamains the museum collections where a massive
digitization effort remains to be implemented (in collaboration with CETAF), not only
encoding the manuscript catalogues, but also allocatingcgaalinates to locality name
with a precision marker. Betterodls and procedures, involvement of students and
professors, recognition of the work, mobilization of citizen science is needed. Particular
effort must be done on geeferencing the types. Combined with the barcoding results, it
facilitates taxonomic andomenclatural decisions.
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Involving citizen science could be a means to massively digitize such data, but proper
incentive (both for citizen and piloting specialists), tools, organization, protocols/procedures,
and quality control remain to be elaborated.

The second source is the gray literature stored in marine stations. Thousands of thesis anc
technical reports hold data. Even if the results were later published in the international
literature, raw data were rarely included in low page number paperslibfagans of

marine stations and their organizations (e.g., IAMSLIC) should be mobilized to build
catalogues of gray literature with a proper indexation about raw data.

Semtautomatic text mining, the third source, is in its infancy but together with the
Biodiversity Heritage Library, it may yield a large number of data, including that for traits.
However, it is not expected that the density in space and time per species will be that high.
Very often, one experimentation is conducted in one narrow locati@enrestricted time
period. Note that data mining could be used to detect datasets, not only to flag potential data
themselves.

A fourth source could be loAgrm data series, but they are actually very few in the world
and in Europe (e.g., the zooplaoktanalysis of points A and B in the Bay of Villefranche
surMer, France, Mediterranean).

A fifth source are the landing statistics for fisheries but only for a limited number of species.
Moreover, often data are aggregated, and the exact origin of teisdtizzed or unknown.

It is Iimportant to point out that officia
statistics. They do not account for-bgtch, and obviously for unreported and illegal
catches. However the Sea Around Us projactl now FAQO, are developing methodologies

to reconstruct catch statistics sintt®ee 1950s. There is a current debate to know if
landing/catch statistics can be a measure of biodiversity, at least biomass abundance anc
species richness. While recent traglisurveys are difficult to get, the older ones are less
protected, although raw datasets may be lost or, at least, are far from being digitized.

A sixth source could be the analysis of old pictures and stories accumulated by people as a
citizen science aisfity. This requires specialists with good knowledge of local faunas and
flora. Crowd sourcing digitization results in massive high quality data when combined with
sample collection activities. Ldgt a carefully designed and applied rewarding system that
provides accreditation to the citizen scientists is instrumental for the success of the citizen
scientists action.

More than specific gaps as listed above, we have tried to summarize them under a general
Gap/Recommendation section below.

5. Can we identy trends in the spread and effects of alien and invasive species [in
Europe]?

A. Data on traits (ecological, Ifkistory, morphological etc) of species

Many efforts are done at global (GISIN: Global Invasive Species Information Network,
http://www.gisin.org and European levels (DAISIE: Delivering Alien Invasive Species
Inventories for Europehttp://www.europealiens.org/ CIESM Atlas of Exotic Species in
the Mediterraneanwww.ciesm.org/online/atlas/ Some countries, such as Greece have
designed and developed specific repositories (ELNAIS, EASIN).
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These information systems take the information from or link towards otheespatabases
(like FishBase for fishes). However, hampered by the luck of a constant state (or regional)
funding, it is hard for these databases to be thoroughly updated, and interoperable.

B. High-resolution occurrence / abundance data over time
C. Occurrence abundance data over time
The two points are treated together below.

Although more data than for native species are available on the average due to the potential
economic impact of nemdigenous species, it is still difficult to get quality data as tiere

no running central monitoring and repository at European level. However, the situation is
better for the Mediterranean with the CIESM atlas of exotic species, although repository and
access to raw data are not properly set up.

Opportunistically, and spetimes due to the interest of one researcher, high density data
may have been collected for a given species but data remain difficult to access. . High
density data can also be collected and made available in those countries which are placed in
the crosspads of the invasive species, when they enter a new region. Such an example is
Israel in the Eastern Mediterranean Sea.

D. Data on major routes and vectors of penetration of alien species in Europe

In general, the potential pathways are fairly well known @nesuccessfully inferred for

most of the nosindigenous species: escapes from importation for aquaculture and public
aquariums, and species unknowingly transported with them, ballast waters, and the Suez
canal for the Mediterranean (Lessepsian migratidi@tural and climate change induced
distribution range extensions also occur (through Gibraltar Strait mainly from the Atlantic to
the Mediterranean; from South to North in Northeast Atlantic even at mesopelagic depth).

These information are documented time information systems mentioned above. Only
recently have thorough reviews started to published on the issue (e.g. Katsanevakis et al.
2014a)

E. Data on most invaded ecosystems

The most invaded ecosystems in the European seas are waters around main ebmmerci
harbors ue toballast waters and fouling issues), and the eastern basin of the Mediterranean
(due toLessepsian migrants). The amount of data available for the former is highly variable
depending on the proximity of marine stations and universitied, the political will to

monitor the norindigenous species. For the latter, see above the CIESM atlas of exotic
species. However, massive substitutions of the seagrasses have also been documented in tf
entire basin of the Mediterranean Sea (see nexyEph).

F. Data on the ecological and economic impact of alien species to European ecosystems

Data are available when the seeiconomic impact is/was high, especially on fisheries (e.qg.,
Mnemopsis blooms in the Black Sea). The case of the impaCGaoferpa taxifolia on
Posidonia oceanicaeagrass bed ecosystem was also exhaustively documented. However,
the impact of noxindigenous species over (yet) nomportant ones is scarcely studied (e.g.,

the impact of Lessespsian Siganidae grazing oveCylseseirabush).
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Data are not gathered aatescarcely available. A recent and comprehensive review on the
issue has been published by Katsanevakis et al. (2014b), in which both positive and negative
impacts are analyzed, based on literature resources.

6. Can weassess the effect of [European] marine protected areas on the conservation of
biological diversity?

A. High-resolution occurrence data over time (monitoring data) for protected areas and
control areas.

The situation is highly variable across all MPAs in BpgoSome like Poi€ros in France

and Zakynthosin Greece have been monitored for a long time, in particular for targeted
species such as the dusky groupgpimephelus marginatustudies conducted with the help

o f t he NGO Groupe dOo£ wwwdgemlecherou.dM@PBubas nated Fr
above no exhaustive survey across all benthic groups exists, and the density of survey is at
most annual but more often at several years interval.

Regionally, data are sufficierds the positive impact of closed MPAs over targeted
populations within the area and also just outside could be demonstrated (e.qg.,
Cerbér&BanyulssurMer).

Locally however, data may be lacking for proper decisions.

As a reminder (see sectimn Gaps on d&cosystem level: Species in Eurapemarine
protected areaabove),about 10,500 marine fish species in the world (over ca. 17,100 in
total, 61%) have occurrence data in at least one MPA. Data are still too scarce for the
majority of invertebrates, butdetailed analysis by group should be done to precisely assess
the situation.

At the European level, a dashboard should be established to follow up the progress (Marbef,
Euromarine, JRC by extending their information system DOPA to marine area$,ifcEA
patnership with EurOBIS.

B. Data on biodiversity changes (see above)

When monioring exists, changes in floemd fauna of MPAs can be analyzed over time in
correlation with changes in environmental parameters. Even if the environmental parameters
are not meased at the local level, global datasets with proper estimation algorithm may
provide good proxies for the recent decades.

However, as noted above, the density of occurrence data may not be enough locally for the
majority of species to enable drawing relebonclusions.
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Gaps Identified and Recommendations

Gaps

Recommendations

1 Oceanic deep sea data and information is not well synthesiz

Knowledge about oceanic deep seas should be reported in integrated syntheses and |

secondary literature. Their presence in country EEZ althc technical/management reports targeted to biodiversity manageorgosps.

evidenced by point data is not well documentedsymthetic
checklists made available to policy makers.

2 There are few sea snake speciéth gecreferenced records i
global aggregators.

The herpetological community dedicated to sea snakes must make a huge e
computerize collections, records from the literature, and assignagedinatego point data
recorded only with a localitgame.

3 Visual surveg like census data for marine mammals are
available for global aggregators.

OBIS must make efforts to attrgmbtential provider®f marine mammals point data.

4  General lack of biological and ecological species traits

Now thata proper ontology seems to be established, make a major effort on data en
GSDs in WoRMS and SealifeBase should be supported to encode data for many gi
be prioritized, as well as FishBase and PolyTraits to complete their efforts. Marineyht
students should be involved as part of their training (but citizen science does not seen
good means for data encoding, but may be learned by natural history society me
Focus first on maximal size, size at first maturity, maximal weigiptthdeange, habitats.

5 General lack of point/occurrence data: historical and legacy
digitized and made available; lotgrm monitoring

A massive effort is to be done to encode existing data, and to develefetongeries an
regular monitoring. Mane biology students, as part of their training, and citizen sci
must and could be efficiently mobilized.

6 Complete threat assessment for all marine species and ¢
between assessments at different scales

Support IUCN to complete the GMSA, and link better with country and region;
assessment.

7  Except for fisheries, an almost complete gap of data about m
ecosystem services

A major effort should be made to assess marine ecosystem services in Europe proper
a medium scale (countryligbasins).
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8 Complete taxonomic lists Support WoRMS but moreover, the taxonomic community that collaborates with WoR
the secalled taxonomic editors and the Global Species Databases that they maintain.

9 Lack of local faunistic and floristic chec&ts Develop the citizen science approach, in particular with the sport and touristic
domain. Monitoring of certain areas could be also made by successive generations 0
biology students.

10 Lack of local data for analyzing local threat Faciltate the development of Small and Medium Enterprises that could apgilyle
protocols developed igeneral by the marine ecology research domain.

11 Lack of Global Unique Identifiers for point data records The Biodiversity Informatics community needsgently to solve this longtanding issue
now.

12 Implement the Global Name Architecture procedures betv GBIF should be the institution responsible for this implementation.

several components

13 Lack of monitoring of digitization efforts The BioCASE metadatabase about European collections could be revived (with f
marker of life zones), but only if there is a strong incentive for institutions and curat
respond to questionnairésor to elaborate mechanisms for automatic metadata produ
ard harvesting.

14 Lack of proper work organization in Europe to achieve There has been already a number of European organizations/ initiatives/projects th:

digitization of historical biodiversity data, primary point a
occurrence data

work togeher to organize and monitor the historical data digitization: Euromarine, Eur(
CETAF, Marbef, EEA, JRC, LifeWatch, BHL Europe, Seadatanet, EMOdNet, ef
complete strategy must be elaborated between all of them, and be implemented
100% dediated to one given task (e,g,. gray literature; collections; marine expedition
literature;é ) . Such an i nitiati ve has been
SYNTHESYS3 (EU 7th FP).

To boost digitization in many places, there could be taste®) e.g., by taxonomic grou
visiting institutions to organize the digitization and train staff locally.
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15 Lack of regular updates of and inconsistencies between Organize and support financially the regular updateosfindigenous information system

indigenous information systems

in particular from the literature. From a European point of view, it must be made clea
the information system of reference is: DAISIE, the existing national information sys
the global system GISIN, or sometgielse? Whichever is chosen, there is a need to de
mechanism for exchanging information in real time (alerts at minimum) bot
procedures/protocols and technology points of view.

16

Lack of data compilation about the sceiconomic impacts o
nonrindigenous species in marine life zone in Europe

Sociceconomic data should be collected at the same time as biodiversity data, al
versa. There is an important need for a mindset shift leading to more interdiscij
projects. But also, each domdiring epistemologically and academically independent, t
is a need that each domain defines what would be the minimum dataset to be collecte
other domain when projects cannot be mdilsiciplinary.

17

Apart from targeted and emblematic speceedhaustive local dat
are not available in many protected areas, from no data at all
stored in electronic files but not shared.

MedPan and other MPA networks must be more effective in organizing &ftedive
common repository for their datalbe shared through OBIS/GBIF.
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45 FOCUSEEREVIEW OF GAPS IN HHIFIC DATABASES -
MARINE AND COASTALATA HOLDNGS OF UNERPNCMC

4.5.1 Taxonomic groups/realm

Marine and coastal data holdings

4.5.2 Data sources analyzed

The Adata sour ce omarmeantl goaskldlatahheldings obthedJNEPh e
World Conservation Monitoring Centre (UNEP-WCMC), based in Cambridge (UK).
UNEPWCMC s the specialist bi odiversity a
Environment Pr oWG MQ@monee 6 .mi sUsNi EcPn i s t o pro
information about biodiversity and ecosystem services in a way that is useful to decision
makers who arériving change in environment and development policy. In this context,
UNEP-WCMC curates and/or distributes a number of global spatial datasets of
biodiversity importance.

45.3 Results

Coverage of the data source

UNEP-WCMC curates and/or distributes 31 marered coastal datasets, which fall into

eight categoriesiogenic habitatspecies habitaspecies distributiorbiodiversity metric

area of biodiversity importangebiogeographic classificatignecological status and

impact administration(Table10). The datasets are global in geographic extent, and 22 are

of relevance to European Seas. As some European Member States have territories located
out side of Amainland Europeo (e. g. Britist
datasets that are ndirectly relevant to European Seas, but might be relevant to these
territories.

Spatial data are held in a variety of formats, primarily vector (polygon, polyline, point,
grid), but also raster (e.g. geotiff). Data originate from various sources:aencellation

of national/regional subsets (e@lobal Distribution of Seagrasses, 2Q00%hilst others

are model outputs (e.Global Patterns of Marine Biodiversity, 2016r are derived from
satellite imagery (e.dslobal Distribution of Islands OSM02.3).

Outline of gaps and biases (e.g. spatial, taxonomic, temporal) and data quality

All the datasets curated and/or distributed by UNEEMC have detailed, ISO 19145
compatible, metadata sheets that provide dasgsstific background information,
including citation, creation methodology lineage maintenancefrequency and quality,
limitation(s) and fitness for us@he purpose of these metadata sheets is to ensure optimum
use of the data, in the light of their known biases and other known and potential
weaknesses.
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The Global Distribution of Coral Reefs (201% known, for instance, to contain (partly)
overlapping polygons, meaning that a dissolve operation within a Geographic Information
System software is needed before surface area calculationsraesl out. This dataset
moreover does not provide spatial information on the distribution of individual coral reef
Sspeci es: the dataset is | imited to provid
should not be assumedtdhat sewhaler e®t benr
Global Distribution of Colewater Corals (2005)show spatial biases (in this case a high
density of reefs in the North Atlantic Ocean), as a result of survey efforts by data
contributors. A couple of datasetsich as theGlobal Distribution of Seagrasses (2005)

and thewWorld Database on Protected Areas (2Q1#gve both point and polygon subsets,
which need to be used in combination, keeping in mind that the point subsets do not
necessarily have associated scefareas (particularly relevant when the aim is to calculate
surface areas). Some datasets such aGlibieal Distribution of Sea Turtle Nesting Sites
(1999) andof Feeding site$1999) are no longer maintained and must hence be used with
caution.

4.5.4 Data accessibility

A number of datasets part of UNBPCMCO0s data hol dings <can
downloaded from the Ocean Data VieWgINEP World Conservation Monitoring Centre

2014) at http://data.unepvcmc.org In parallel, Web Map Services for most of thes
datasets can be accessed on ArcGIS Onlfitip:{/wcmc.io/58c®, for use in welmapping
applications such as SeaSketch.org. Other datasets are kept on file and interested users are
encouraged to contact UNBRCMC (marire@unepwycmc.org) to access them. Talle

provides details on datasgpecific access, and interested users should refer to available
individual metadata sheets for use restrictions, especially if there is a business or
commercial element to the work untiden.

4.5.5 Trends in accumulation of occurrence data / integration of historical data

UNEP-WCMC does not monitor trends in the accumulation of occurrence data in its data
holdings. For some datasets (e@lobal Distribution of Seagrasses, 200&lobal
Distribution of Saltmarsh, 20)4this may be inferred from the information contained in
the datasetds attribute table (i f publ i she

4.5.6 General recommendations and prioritization for closing the gaps

UNEP-WCMC is undertaking work to atdess known issues and gaps in the datasets that it
curates and/or distributes. ThNeéorld Database on Protected Areas (20igitontinually

being updated (monthly releases) based on submissions from national governments.
Supplementary occurrence data areinj sought from nationaland regionalevel
organisations to fill spatial gaps in three biogenic habitat dataset$(eb@l Distribution

of SeagrassesGlobal Distribution of SaltmarshGlobal Distribution of Colewater

Corals). UNERWCMC is currentlyinvestigating the possibility of validating remaining
unvalidated portions of th&lobal Distribution of Coral Reefs (201,030 as to create a
trustworthy dataset that can be used as baseline for investigating changes due to climate
and other humamducaed impacts.
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UNEP-WCMC has also createan online validation tool so as to make use of citizen
science to improve selected spatial datagetsp://validation.unepvcmc.org. Using ths

tool, users can valate and/or edit the boundaries of coral reefs, based on local knowledge
or the underlying satellite imagery.

Finally, UNERWCMC recently collaborated with Dr. K. Kaschner (AquaMaps; Albert
Ludwigs-University of Freiburg, Germany) so as to raise awareaksise usefulness of
0species distribution modellingdé in fillir
are more or less likely to be found. The known and probable distributions of 10 marine
mammal species were modelled using the AquaMaps agpf&aschner et al. 2014)
Expertreviews of each map can be found in Annex ®laftin et al. (2014)

4 5.7 Literature cited

Kaschner, K., RiuBarile, J., KesneReyes, K., Garilao, C., Kullander, S.O., Rees, T.,
Froese, R. (2014) AquaMaps: Predicted range mapsdaatic species. Version
08/2013.

Martin, C.S., Fletcher, R., Jones, M.C., Kaschner, K., Sullivan, E., Tittensor, D., Mcowen,
C., Geffert, J., Bochove, J. van, Thomas, H., Blyth, S., Ravillious, C., Tolley, M.,
StanweltSmith, D. (2014) Manual of marinend coastal datasets of biodiversity
importance. May 2014 release. http://wcmc.io/MarineDataManual. UNEP World
Conservation Monitoring Centre, Cambridge (UK)

UNEP World Conservation Monitoring Centre (2014) Ocean Data Viewer,
http://data.unepvcmc.org.

92


http://validation.unep-wcmc.org/

Table 10. Marine and coastal data holdings of the UNEP World Conservation Monitoring Centre {WRER).
Relevance of the various datasets to European Seas is indicated. Coloured shading is used to indicate that:

9 the dataset can be viewed and/or downlazdifrom UNER / a / @réan Data ViewdODV,;
http://data.unep-wcmc.org and relatedData Downloagage (DDPhttp://datadownload.unep

wcmec.org/datasety

1 information about dataset access can be sought from UNEMC (at marine@unepcmc.org)

1

Category

Biogenic
habitat

Species habitat

Species
distribution

Dataset title

Global Distribution of
Coral Reefs (2010)
Globd Distribution of
Coral Reefs- 1 Km
Data (2003)

Global Distribution of

Cold-water Corals
(2005)
Global Distribution of
Mangroves USGS
(2011)
World Atlas of

Mangroves (20Q)
Global Distribution of
Mangroves (1997)
Global Distribution of
Seagrasses (2005)

Global Distribution of
Saltmarsh (2014)

Global Distribution of
Marine Turtle Nesting
Sites (1999)

Global Distribution of
Marine Turtle Feedinc
Sites (1999)

Global Distribution of
Northern Fur Seals
(2013)

Global Distribution of
Hawaiian Monk Seals
(2013)

Global Distribution of
Grey Seals (2013)

Global Distribution of

Hector's Dolphins
(2013)

Global Distribution of
Northern  Bottlenose

Whales (2013)

Global Distribution of
Sperm Whales (2013)

Global Distribution of

Contact organisation

UNEP-WCMC

UNEP-WCMC

UNEP-WCMC

UNEP-WCMC

UNEP-WCMC
UNEP-WCMC

UNEP-WCMC

UNEP-WCMC

UNEP-WCMC

UNEP-WCMC

Albert-Ludwigs
University of Freiburg

Albert-Ludwigs
University of Freiburg

Albert-Ludwigs
University of Freiburg

Albert-Ludwigs
University of Freiburg

Albert-Ludwigs
University of Freiburg

Albert-Ludwigs
University of Freiburg

Albert-Ludwigs
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WCMC-
008

WCMC-
009

WCMC-
001

WCMC-
010

WCMC-
011
WCMC-
012
WCMC-
013014

WCMC-
027

WCMC-
007

WCMC-
006

Kaschner
001

Kaschner
002

Kaschner
003

Kaschner
004

Kaschner
005

Kaschner
006

Kaschner

Metadata

y

<

Data EU
access seas

oDV

ODbV

oDV y

oDV

oDV
oDV

oDV y

Contact
UNEP- y
WCMC

DDP y

DDP y

Contact

UNEP-

WCMC
Contact

UNEP-

WCMC
Contact

UNEP- y
WCMC
Contact

UNEP-

WCMC
Contact

UNEP- y
WCMC
Contact

UNEP- y
WCMC
Contact y
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Category

Biodiversity
metric

Area of
biodiversity
importance

Biogeographic
classification

Eoological
status
impact

and

Administration

Dataset title

Bowhead Whales

(2013)

Global Distribution of
Sei Whales (2013)

Global Distribution of
Atlantic Spotted
Dolphins (2013)

Global Distribution of
Melon-Headed Whales

(2013)

Global Patterns o
Marine  Biodiversity
(2010)

Global Map of
Shannon's Index o
Biodiversity (2014)
Global Map of
Hurlbert's Index of
Biodiversity (2014)
Global Seagras:
Species Richnes
(2003)

Global Marine Turtle
Species Richnes
(2002)

World Database or
Protected Areas (2014

Marine Ecoregions o
the World (2007)
Pelagic Provinces o
the World (2012)

SeagrassNet:  Globz
Seagrass  Monitoring
Network (2013)

Global Distribution of
Islands IPBoW (2010)

Global Distribution of
Islands OSM (2013)

17 \www.protectedplanet.net

Contact organisation

University ofFreiburg

Albert-Ludwigs
University of Freiburg

Albert-Ludwigs
University of Freibug

Albert-Ludwigs
University of Freiburg

UNEP-WCMC

Ocean Biogeographit
Information System,
Intergovernmental
Oceanographic
Commission
(UNESCO)

Ocean Biogeographi
Information Sytem,
Intergovernmental
Oceanographic
Commission
(UNESCO)

UNEP-WCMC

UNEP-WCMC

UNEP-WCMC

UNEP-WCMC

UNEP-WCMC

Washington State
Department of Natura
Resources, Aguati
Resources Division
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4.6 AVAILABILITY OF FREBWATER BIODIVERSITPHATA
4.6.1 Introduction

Freshwater ecosystems face the highest species extinction ratesslyetfex biodiversity data
availability is very poor. While only giving a rough indication of data availability, a simple
keyword search on the Global Biodiversity Information Facility portal yielded 45 freshwater
versus 315 marine datas&tsSimilarly, the 8.9 million freshwater occurrence records we
harvested for the data portal in December 2011 only represent 2% of all records available through
the GBIF network at that time.

The realisation that data to improve our understanding of distribution pattefnssiowater
organisms are largely unavailable, was a key issue that the EU FP7 BioFresh project
(Biodiversity of Freshwater Ecosystems: Status, Trends, Pressures, and Conservation Priorities)
wanted to address. During the project (November 2809 2014), BioFresh constructed a
central freshwater biodiversity information and data platform
(http://www.freshwaterbiodiversity.eliwvhich aims to improve the discoverability of freshwater
biodiversity resarces and make them publicly available.

This section includes a short overview of the gap analysis performed during BioFresh and
experience gained during the project and follgvactivities. The recommendations focus on
those relevant in the context ofgfiEU BON report.

4.6.2 Short summary of the gap analysis conducted in the framework of the BioFresh
project

The gap analysis on freshwater biodiversity data conducted in the framework of the BioFresh
project focussed specifically on the needs of the sciemtigtdved in the project. The analyses
performed in the project ranged from contemporary species distribution modelling on global,
European, catchment and point locality scale to future scenarios under climate change and a wide
range of environmental stress.

Gaps for scientists.Ten out of 16 requests for freshwater biodiversity data are related to (expert
curated) distribution ranges or require the translation and expert curation of point data for
generating a complete picture of a species range. Swesexjindicated the need for point data
originating from complete surveys, thus providing information on the presence/absence of a
specific species on a sampling locality. Three of these requests had the strict requirement for
environmental data collectelliring sampling.

Gaps for policy makers. At a later stage in the project, we also conducted a gap analysis
specifically targeting the data and information needs expressed by policy makers. To capture
their input, we both contducted a survey and summatisediscussions held during the Water
Lives symposium in January 2014. With regards to the needs of scientists vs. policy makers, it is
important to highlight that the former are looking for primary data or raw data products, while the
latter require polised information and knowledge products. In terms of outcome®idf@esh

data portal lfttp://data.freshwaterbiodiversity.¢ydrimarily targets scientists, while the Global

18(httlo://www.qbif.orq/dataset/search?q:freshwater&tvpe:OCCURRENQ:E
http://www.gbif.org/dataset/search?g=marine&TYPE=OCCURRENG&06/2014).
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Freshwater Biodiversity Ads (ttp://atlas.freshwaterbiodiversity.@uénvisages a much wide
audience including policy makers.

The survey respondents and discussion participants highlighted on one hand the need for
establishmg socieeconomic justification for biodiversity conservation, while on the other hand
valuing the link between biodiversity and ethics. They also stressed the need for providing
solutions and indicated the preference of being presented with contragmagigs reflecting a

range of policy decisions rather than having to interpret model uncertainty per se. While policy
makers require clear and concise messages, they clearly appreciatiedfémeeinteractions with
scientists (as organised during the @/dtives symposium) and encouraged investing in strong
scientific advocacy. Finally, the value of more elaborate teaching materials targeting specific
interest groups (e.g. freshwater ecology for dam engineers, water managers) was stressed.

4.6.3 Information on freshwater datasets and their availability

As mentioned earlier, the BioFresh project started out of the realisation of poor data availability
of freshwater biodiversity data, which was confirmed during a range of analyses executed in the
course of the pject.

An important activity to document the existence and availability of freshwater biodiversity
related datasets, is to gather such information in a (meta)database. Such an effort was initiated
with the construction of the BioFresh metadatabase. At presthis metadatabase
(http://data.freshwaterbiodiversity.eu/metgdimntains 251 datasets, contributed and/or validated

by 154 individual users. Freshwater datasets relevant in the context dBON will be
incorporated in this metadatabase and further advertised through this network.

4.6.4 Freshwater occurrence data

By building a network and weinfrastructure for publishing and centralising global freshwater
biodiversity data, the BioFresh data fabrwas conceived as a thematic node of the GBIF
network.

In addition to these technical developments, BioFresh invested considerably in active data
mobilisation. At least 2 million occurrence data records were mobilised during the project, with
the majoriy of the datasets still being processed for public release through the GBIF network.
Major datasets which may be relevant in the framework of EU BON include a systematic effort
to complete the gap in data availability for fish occurrences for severapé&amocountries (9
digitisation projects, covering 13 countries), and the compilation of distribution data for
European caddisflies (Trichoptera) and stoneflies (Plecoptera). For caddisflies for example, a
comprehensive dataset on their distribution wasipusly unavailable. In total, 66 contributors
made almost 600.000 new occurrences available.

Needless to say, the amount of available data (and metadata) is still extremely limited. Several
BioFresh partners have committed resources to continue theseffomtegrate and mobilise
freshwater data, but further attention for freshwater data mobilisation from different actors in the
field is highly needed (e.g. through supporting GBIF nodes and thematic initiatives such as
BioFresh). In addition, we believibdat a more systematic approach in publishing biodiversity
data is needed from the institutes and organisations involved in (freshwater) biodiversity
monitoring. Approaching these parties and setting up an exchange of expertise and guiding them
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to set up alata publishing workflow could be an action to be initiated under the umbrella of EU
BON, e.qg. after carrying out some initial case studies in collaboration with the test sites.

4.6.5 Taxonomic checklist on freshwater species

At present, the Freshwater Animalversity Assessmenth(tp://fada.biodiversity.bg/database
contains species names for roughly one third of the estimated 150.000 freshwater species.
Through consultations with taxonomic experts during the Bistrproject, the species checklists,
which are used as a taxonomic backbone for the BioFresh data portal, could be extended with
over 30,000 new names, particularly for magreertebrate species. Further extension of this
database is egoing through a dtaborative project with the World Register of Marine Species
(WoRMS) and through collaboration with the EU BON partners involved in the harmonisation of
the European taxonomic backbone. Nevertheless, this freshwater specific taxonomic database
clearly hassome catching up to do with initiatives such as WoRMS in order to reach a reasonable
level of completeness.

4.6.6 Freshwater trait data

So far, we have not conducted a systematic inventory or gap analysis of trait data specific for
freshwater organisms. The lolving list reflects the main databases we are aware of;

1 freshwaterecology.infprovides information on autecological characteristics, ecological

preferences and biological traits as well as distributidtep®s of more than 12.000
European freshwater organisms belonging to fish, mawertebrates, macrophytes,
diatoms and phytoplankton.

1 As elaborated in the chapter on marine spedid3,(FishBase (http://www.fishbase.org/)
forms an indispensable soumkinformation on fish species, also in the freshwater realm.

1 Various datasets include information on traits for specific organism groups, e.g. breeding
info for birds in the atlas website from the European Bird Census Council
(http://www.ebcc.info) andepth and occurrence data for Amphibia on Amphibiaweb
(http://amphibiaweb.org) but are to our knowledge not necessarily integrated in a central
trait network or database.

4.6.7 Recommendations with regards to gaps for scientists

To a large extend, the experiengained during and the gap analysis performed within the
BioFresh project, and follow up activities under EU BON, support a wide range of the
recommendations provided throughout this report. The following overview focusses on the main
recommendations whidcire relevant in the context of this report.

1 There is a general need to actively encourage biodiversity data holders to make their data
available This can be achieved through;
o the continued support to initiatives such as GBIF and its national and thematic
nodes
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o elaborating an IPR policy on aggregated data and standardised embargo for EU
and nationally funded research
o require the submission of data associated with scientific publications both by the
scientific journals (e.g. the Pensoft Biodiversity Datardal), and the
encouragement of (meta)data papers, as by researchers who publish in traditional
journals who have not yet implemented such facility (cfr. sequence submission to
GenBank)
o support efforts for the digitisation of legacy literature and autoigpahe markup
of recent works.
Scientists indicated a clear need for presence/absence data or abundance data. Making
such information more readily available requires that the current standards and tools used
for publishing primary biodiversity data, nbtd vy GBI F6s I ntegrated Pu
(IPT), are improved for dealing with data from sampling or monitoring campaigns. This
recommendation aligns well with the-going efforts to facilitate sharing of sample data,
which are lead by GBIF under the umitaef EU BON.
The fact that scientists highlighted value of standardised sampling, and sampling different
organism groups and environmental variables simultaneously, reflects the need to
coordinate and standardise sampling efforts at various scalestingitsuch a concerted
effort could be part of the activities of the EU BON testing sites.
Scientists indicated the need for supporting spatial data products e.g. water temperature
maps, stream flow modification. The exchange and generation of such grodulct be
established through the collaboration with geographers and remote sensing experts.
Biodiversity scientists should clearly express the data needs to these communities.
Based on the need for data reflecting the complete distribution range afsspetich
underlines the indispensable value of the IUCN RedList assessments, we see both a
requirement for
o building a capacity to automate the translation of point data into catchment level
information and facilitate expert, and
o supporting species expernd coordinating bodies to carry out the validation
work.
Along the same lines, we observed a clear need for supporting expert databases, esp. those
focussing on taxonomic checklists and species traits.
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4.7 FOCUSEEREVIEW OF GAPS IN &IFIC DATABASES:GAP ANALYSIS ON
POLLINATOR SPECIEHYMENOPTERA: APOIDEANTHOPHILA)

4.7.1 Introduction

This preliminary gap analysis shows thata availability for wild bee species and points out
some gaps of current available biodiversity information of bee species on a Eusopéa As

other studies show, the gaps and differences among common sources of distribution information
could be quite substantial (e.g. Duputié et al 2014) and here we tested the data available for
European bee speciesThe bee species were selecteddnshupon occurrence records on a
national scale of the Checklist of Western Palaearctic Bees (provided by M. KuhINtdhi,
London).

Bees are crucial for maintaining important ecosystem services, particularly for pollination
services. A study estimatestlearly annual economic value for providing pollination services to
bed 153 bill i on (Galaiettlh200pyTherole o2 le€s5s pollinators became
even more important for the agricultural production within the last decadetheaglobal
agricultural area depending on pollination services expanded significantly. For example, the area
of agricultural production depending on pollination services increased by over 300%. At the same
time, the pollinatiordependent agricultural pradtion expanded from 3.6 % to 6.1% % of the

whole agricultural production, frot©9612006, Aizen and Harder, 2009

Pollination from bees and other insecdke Ihoverflies, butterflies or wasps, has not only a high
economical but also a high ecological value. Pollination is crucial for wild flowering plants, and
it is estimated that 88% of the angiosperms are pollinated by aniimalgyver 300 000 species,
Ollerton et al., 201)1 The percentage is particularly high in the tropical communities, whereas in
the temperate zone, the percentage isiligower (94 respectively 78%).

There are many species involved in the pollination of agricultural and wild plants, and there is a
high diversity in bee species. We find over 3,351 bee species in the Western Palaearctic realm.
Onan extended PaBuropean scale (see below), there are around 2,546 bee species with known
occurrences listed in our dataset.

Particularly the recent decline$ pollinating species stress the need for kgghlity datasets to

detect such changes. Studies show that significant declines in pollinator abundance could be
detected in some well surveyed countries, for example in regions in Britain and the Netherlands
which was, at least in Britain, accompanied by a decline of plants reliant on insect pollinators
(Biesmeijer et al., 2006 However, such conclusions are mostly based on the distribution and
popdation estimates oApis melliferaand global assessments are not taking into account the wild
pollinators or feral honeybeg&izen and Harder, 2009

To include wild pollinator species in the curtemd future assessments, datasets are needed for
also assessing their former and current distribution and their trends. In this preliminary gap
analysis we evaluated current bee species distribution data orEaiRg®an scale.
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4.7.2 Methods

For evaluatinghe quality of data on pollinators, we used distribution information on European
bee species from various sources (European Union data on Habitats Directive Article 17
reporting, Global Biodiversity Information Facility, Checklist datasets, Atlas of Earopees).

We have chosen data from the datediating portal Global Biodiversity Information Facility
(GBIF) for a first evaluation of available information on bee species. To compare the quality of
data shared through GBIF, we also used the Checklist edtékh Palaearctic Bees (hereafter
called Checklist) provided by Dr. Michael Kuhlmann from the Natural History Museum in
London. The checklist contains, as mentioned above, 3,351 bee species in total and 2,546 species
with occurrence records in an extendeanEuropean Context (including Turkey, countries of

the Caucasus and others, see AnBédwr a list of the countries).

For the comparison we analyzed occurrence records on a national level for 46 European
countries, as the Checklist data are basedaomtry presence/absence, taking into account the
geographical borders of (PaBurope. When using GBifediated pointiata, the occurrences

were assigned to European countries. Point occurrences that were located within small regions
and states, like Alah Island, Guernsey or San Marino, were assigned to the adjacent larger
country/surrounding country. This allocation was needed, as the Checklist provides occurrence
records only on a national scale and only for the main 46 countries. The Checklist data was
validated by experts and was used as reference data for the comparison witha@BHis. For a
comparison regarding the number of specimen records/occurrence records the data from the
expert dat abase nAtl as of t he & many ¢xgeesnareBe e s 0
involved that also contributed to the Checklist data. Occurrences of the checklist data for species
in Yugoslavia were only counted as number of
Also, these occurrences were only used iféheas not already a presence mapped in one of the
recent Balkan states that are former Yugoslavian countries (like Serbia, Croatia etc.). Occurrence
records of the GBHmediated data were obtained by an export of the database. However, as
GBIF constantly ntegrates new datasets, there might be slight differences when comparing
results of this current analysis to the most recent version of the datasets shared through GBIF.

For a comparison of available data sources on a European scale, we evaluated ttige coun
specific occurrence records of 1245 European bee species, which are all species from the
Checklist that could be matched with GB¥cords. For a first comparison of other available

data sources on a European scale and in Denmark, we evaluated spéloee€hecklist that

occur at least in 30 European Countries. That approach resulted in a selection of 84 bee species
which all could be linked to accepted GBIF species naba&s from the Atlas of European Bees

came from the web page of the Atlas (Rasin& Iserbyt, 2014). For 59 of the sample species,

data could be found on the web page, however two species were listed under another name.

4.7.3 Results

Datasets of the European Union (species listed in the Council Directive 92/43/EEC of 21 May
1992 on the conservation of natural habitats and of wild fauna and flora)

Currently, there are no bee species listed in the haldtedctive, neither in the Annex Il or the
Annex IV species. For Annex Il species (species requiring designation of Special Areas of
Corservation) and Annex IVspecies in need of strict protect)ydauropean member states have
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to report their distribution and trends in species abundances. This means for the case of European
bee species that no data is collected on a European scale, thesitet that they are important
e.g. for pollination in the wild and crops for agricultural production.

Comparison of GBIFmediated data versus the Checklist of Western Palaearctic Bees

The evaluation of GBHelata and the Checklist of Western PalearBges shows that there are
significant differences between the information on species distributions contained inabeth d
sources. For the comparison, the 1245 bee species of the Checklist were used where at least one
occurrence record in GBIF exists. Rbe other 1301 species, either no occurrence records exist

or the name could not be found/matched in the GBIF database. The Checklist data could be used
for evaluating gaps and limitations of GBilata as they are a validated by a whole set of
European eperts. The datasets shared in GBIF contain remarkable numbers of distribution data
on the selected bee species and give the impression that plenty of data is already available.
However, there are significant gaps in data, particularly for some specifitriesuand regions

in Europe.

Gaps in GBIF data on a country -level scale

Generally, for 48.% of thespecies that occur iRarEuropeoccurrence records can be found in

GBIF. This meansthd or 106245 speci a® availabteautrof 2e0nstmeciese c or d
thatareocuriing in Europeaccording to the Checklist dat8o before analysing the differences
between GBIF and Checklist data more specifically, it can be stated that there are quite obvious
gaps, asurrently for nearly half of the species oloservation or specimens records exist

The analysis of all 1245 selected bee species shows that there are nda&B#vailable for on
average seven countries per species. There is a high variation in gaps among the different
European countries. Songeuntries are not well covered by GBd&ta regarding the surveyed
countryspecific bee occurrences. Talite(andFig. 30, see below) shows the ten countries with
largest gaps in GBHdata and the ten countries with smallest gaps.

Table 11: 10 countris with smallest gaps in GBIF occurrence information (green) and 10 countries with largest gaps
in GBIF data. Gaps were detected by evaluating lacking species records in GBIF compared to Checklist occurrence

records.

United

Kingdom 1. |Armenia
Ireland 2. |Belarus
Sweden 3. | Azerbaijan
Germany 4. | Georgia
Finland 5. |Latvia
Netherlands [6. |Liechtenstein
Norway 7. | Albania
Austria 8. |Montenegro
Spain 9. |Malta
Belgium 10.| Moldova
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Fig. 30: GBIF gaps in the countries regandi bee species occurrence data. Gaps are determined by calculating the ratio between the number of lacking bee species
occurrence recordslark grey:GBIF gapg and the number of all bee species that are noted in the checklist to occur in a given basatitye(is the Checklist data

for a given countryfor 1245 bee speciesith GBIF records~ 48,9%of beespecies in EuropeAlso the discrepancies of checklist records are noted, i.e. species
recordsof GBIF whereno validated country occurrencae recoded yef(light grey: Checklist discrepancies).
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Fig. 31: Map visualizing theGBIF gaps in the countries regarding bee species occurrence data. Gaps are
determined by calculating the ratio between the number of lacking bee species occurrencéBreostaall
gaps, red: large gaps). Not included are bee species where no occurrence records exist in GBIF.

Fig. 31 also shows the gaps of datasets shared through GBIF. However, GBIF contains
species occurrence records for species where there is note@lidecurrence for this
particular species in the Checklist data yet.

As the figure shows, some countries like U.K., Ireland, Sweden, Germany and Finland are
well covered by the GBHdata, but there are large gaps in other countries like Albania,
Montenego and Moldova. Fig. Bshows a map representation of the results regarding the
gaps in GBIFdata. Please note that the figure shows only the gaps for the species that could
be linked to GBIF data, there are in addition other gaps for species where nd&®Hxists

but which are not part of this analysis. But GBIF also contains occurrence data of additional
species where the Checklist indicates an absence of the species in the particular country. Such
countries with additional GBHdata are for exampleggmany, Ireland, Greece or Bosnia and
Herzegovina (see Fig.03 . However, t he addi tional coun
di screpanci @ofobee speeies dheita GBIF Dccurrence records need to be
validated in each case by experts as there areyntases of misidentifications or
nomenclatural problems that lead to these discrepancies. The-pg&®Bliled occurrence
records could potentially be used for the specific expert datasets. However, as GBIF contains
different kinds of datasets in terms ofadjty, such indepth quality checks are urgently
needed.

Also, when analyzing the data from a regional perspective, there are quite some significant
differences. The highest number of species not covered in a region at all byd@&@BIis
Eastern Europe ard the Caucasus.Here, 68% of the species are not covered with
occurrence data shared in GBIF. Other high ranking regions regarding GBIF |acarthe
Balkan Peninsula More records in GBIF datasets are availabl€antral Europe; least
gapsare inWestan Europe andScandinavia
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Fig. 32: Gaps across European region$GBIF data Gaps are determined by calculating the ratio between the
number of lacking bee species occurrence records (dark grey: gapg~and the number of all bee spedies

the redon (baseline is the Checklist data for a given country for 1245 bee species with GBIF records ~ 48,9% of
bee species in Europe

Example d data differences in time, and data for a country:

For eight selected bee species, we looked at 1) the total nomileta shared through GBIF
on two different dates, in November 2013 and February 2014; and 2) GBIF records for
Denmak (see Tabld2 below).

Obviousl vy, the number of GBI F data records
mobilisation and GBIF datandexing. For one specieBpombus pascuorunthere is a huge
difference in the total number of occurrences between the two dates. The exact reason for this
difference is unknown and was probably caused by removal of doublets in datasets which by
error hadbeen indexed/registered twice in the GBIF system. Hralictus scabiosaghe

number of data was reduced by more than half from November to February. On the GBIF
portal, it is possible to track activities of datasets being cleaned and republished etd. Here
appears that a certain dataset underwent cleaning by the provider, related to georeferencing
etc., and seems to have been republished. This, and the example aboBe paisicuorum,
underpins the importance of being aware that the pool of @Bt& isa very dynamic
structure, reflecting activities of the more than 600 -gatalishers sharing over 15,000
datasets.

Hence it is important, if possible, to investigate a given-datapilation at different dates,

before drawing final conclusions. CurrentiGBIF is developing a system to provide a
timestamp and a unique reference ID to a given instance of filtering and downloading data for

e.g. aresearchproject o keep a snapshot of how data fAl o
a certain purpose.

From the table below, it is also obvious, that there is an urgent need for mobilisation of
occurrence data for bees in Denmaskg the complete list in Ann&€X. Data for Denmark
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are known to exist, and specific datasets are planned to be shared in thérfatudeng the

Citizen science initiative Fugle & Natunttp://www.fugleognatur.dkaAnd a PhEproject on

bees in agricultural landscapes by Isabel Calabuig). Furthermore, in addition to species
where there cuently are no data shared in GBIF, for %bof the 77 species (see Ann€x

there is a remarkable difference between the total number of occurrences in Europe and the
number of georeferenced occurrences. This indicates that quite a large number of GBIF
records lack actual point locations.

For the 283 bee species that occur in Dennfark,33 shows the current availability of data
(accumulated in rangelasses) for Denmark, and for Europe as a whole. In gerege3

shows that for most of the wild bespecies of Denmark, there are few or no occurrence
records available for Denmark in GBIF. Hence, for 206 species in Denmark, there are no
records at all and there are no georeferenced records for 267 of the 283 species. Looking at
all available occurrenceecords for Denmark, for 46 of the species, only one record is
available, and for 16 species, there are between 11 and 100 records available. Looking at
occurrence records with a georeference, nine species in Denmark have one georeferenced
record, six speies have between 2 and 10 georeferenced records. Only for few species there
are a larger number of records (> 100 records) available, i.e. for six species regarding records
at all and for only one species regarding georeferenced records. For Européas,ahe
majority of the 283 Danish species have number of occurrences in European countries that
fall within the ranges 1100 or 1011,000. Only two species on the checklist for Denmark
have no records at all for Europe as a whole.

Table 12: A selection of eight bee species, GBIF georeferenced records, total number of occurrences and GBIF
data records in Denmark.

Scientific name GBIF data records GBIF data records in

(click on name for georeferenced and Denmark

link to GBIF portal)  (total number of occurrences) (comments on actual
Date: 20131112 Date: occurrence in DK)
20140203

Andrena flavipes 7.778 (10.445) 7.895 (10.582) 0 (Common in DK)

Andrena fulva 4.360 (4.596) 4.464 (4.709) 0 (Common in DK)

Andrena hattorfiana 4.405 (4.597) 4.746  (4.930) O (Relatively rare in DK)

Anthophora 19 (23) 8 (13) 0 (Not on Danish specie

pubescens checklist)

Bombus pascuorum 43.975 (80.821) 43.710 (47.824) 0 (Common in DK)

Halictus scabiosae 267 (395) 94 (153) 0 (Not on Danish specie
checkilist)

Lasioglossum 5(8) 5(8) 0

clypeare (Not on Danish specie
checklist)

Melecta luctuosa 103 (131) 107 (132) 0 (Rare in DK)
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Fig. 33: Overview ofnumber of available occurrence records for 283 bee species available in GBIF (occurrence
records rangelasses) and number of species which have occurrence records that fall into one of these classes.
The occurrence record classes indicate the number of available occurrence records, separately for species
country occurrences at all (i.e. all records), and for the number of records with exact point location
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Comparison Atlas of European Bees versus GBIF data

For 59 of the most common bee species, data could be found on the web page of the Atlas of
European Bees. When comparing the number of specimen records shared in GBIF with the
available specimen records in the Atlas dat&y7icasesthe Atlas data contains many more
specimen records (with geeferenced location and collection date) than GBIF does. In only
two cases GBIF contains more specimen records than the Atlas.

As the figure shows, the difference can be quite signifitsge some examples below, Fig
34a and34b). Overall, for the selected species, GBIF mediatés692specimen records and
observation data with known locations. In the atlas of European bees thekr®30e303
records, which mear87% more records.

The difference varies for 57 cases where the Atlas of European bees contains hé®9éen

and 2013% more records. On average the Atlas cont@®s% more records than GBIF.

For the two cases where GBIF contains more records, GBIF cot2éhsespectivelyl 3%

more records. However, it is not clear if or which of the Atlas data are already shared through
the GBIFportal as well.
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Fig.34a: Comparison of the number of occurrence records for 15 bee species among data from GBIF and from
the Atlas of European bedlight grey: GBIF records, dark grey: Atlas of the European bees data).
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Fig. 34b: Comparison of the number of occurrence records for 22 bee species among data from GBIF and from
the Atlas of European bees (light grey: GBIF records, dark grey: Atthe &uropean bees data).

4.7.4 Recommendations based on the results of the gap analysis

Due to the results, several resmendations can be made based upon our findings:
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- For data on European bee species, there are different data sources that contain relevant
biological information on bees. However, these datasets are not all yet integrated in or
shared through one common repository.

- As a common repository, GBIF could serve as a free, online available source. Efforts
should be intensified to aggregate all éalale information by using this
infrastructure.

- The analysis also showed that GBIF might contain datasets with doublets or
inaccurate data. However, it is important here to state, that GBIF serves as a mediator
of data provided and shared by its membstitiations (countries). GBIF itself does
not generate data. Thus, the data providers in GBIF need to implement specific
quality checks of their data, to secure the high quality standards.

- On a GBIF participant level, it should be communicated that theréack of
valuable data for an important group of organisms. GBIF participant nodes could
prioritise to mobilise datasets on bees and other pollinators.

- ltis important to note that lacunae in GBl&ta not only is a matter of mobilising
data, but alseeflects the current distribution of participant countries in GBIF. Some
European countries are not members, and some countries are (associate) members but
do not have the resources to share data in GBIF.

- The European Union currently does not considerrtte of pollinators appropriately
in their current policy of biodiversity data collection. For example no bee species are
part of theAnnex Il (species requiring designation of Special Areas of Conservation)
or Annex IV Gpecies in need of strict proteet). The European policy should also
safeguard that data on wild bee species will be collected in the future and that the
current ongoing activities regarding a European red list of bees are maintained and
supported.

- Datasets that are important for sd¢iéo research should be made publicly available
with unrestricted and online access to the datasets, which is currently not the case for
some European bee species databases like for the Atlas of European bee datasets.
However, there is also the need tadfiways of benefisharing for the parties or
individuals that collected the data over the years in a angttimeconsuming way.

To promote the free sharing of data, there is the strong need to find incentives for the
involved people (publications, finaial contribution). In addition to that, there is a

need for the development and recommendations for fair and best practice rules for
sharing the dat®ne way to secure the fair use of data is to drafiadled data

sharing agreements that define theysvand principles of sharing and determining the
benefits for data providers.

- Lack of integration of the available data sources will very likely cause a severe bias in
status and trend analyses of wild bee species. Future modelling of bee species
distributions and the impact of change drivers will greatly be improved by integrating
these additional sources.
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Annex B: List of Pan-European Countries analyzed in the study

Albania, Andorra, Armenia, Austria, Azerbaijan, Belarus, Belgium, Bosnia and Herzegovina,
Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland,efi@eorgia,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Liechtenstein, Lithuania,
Luxembourg, Macedonia, Malta, Moldova, Montenegro, Netherlands, Norway, Poland,
Portugal, Romania, Russian Federation, Serbia, Slovakia, Slovenia, Spain,nSwede
Switzerland, Turkey, Ukraine, United Kingdom
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Of the 283 bee species on the Danish checklist, only 77 species have GBIF data records (total
count 2889), of which only 16 specikave georeferenced records (total count 304) (counts

from June 2014).

For the same 77 species, GBIF data records in Europe are listed. For roughly 45 % of these
species, there is a remarkable difference between the total number of occurrences in Europe
ard the number of georeferenced occurrences.

GBIF data GBIF data records in
records in Europe
Denmark
Scientific name for the 77 Danish| Tota | Geo- | Comments on| Total Georeferen
bee species with GBIF data recordj | refere | actual occurrence| number | ced
(out of in all 283 species on th¢ num | nced |in DK* of
Danish checklist) ber occurren
of -ces
occu
rren
ces
Andrena barbilabrigKirby, 1802) 1 0| Occurs 4610 4405
sporadically
Andrena bicoloFabricius, 1775 1 0 | Common 7491 7372
Andrena carantonicaPérez, 1902 1 0 | Common 6264 6193
seenote #1 below
Andrena clarkellgKirby, 1802) 1 1| Common 3948 3907
Andrena fucaté&mith, 1847 1 0 | Relatively rare 3336 3305
Andrena fulvgMdlller, 1766) 2 2 | Common 4685 4610
Andrena fuscipegirby, 1802) 1 0 | Relatively rare 3085 3018
Andrena nigroaeneéirby, 1802) 1 0| Common 7193 7073
Andrena subopachlylander, 1848 1 0| Common 6281 6137
Andrena arians (Kirby, 1802) 1 0 | Rare 624 573
Anthidium  manicatum (Linnaeus, 1 0| Common 2486 2251
1758)
Anthidium punctaturhatreille, 18® 1 0 | Relatively rare 1310 1295
Anthophora furcatgPanzer, 1798) 1 0 | Common 2033 1963
Anthophora quadrimaculatgdPanzer, 1 0 | Common 1175 1153
1798)
Apis melliferaLinnaeus, 1758 1 0| Common 9422 9163
Bombus barbutellu&irby, 1802) 23 0 | Rare 2748 1492
Bombus bohemicuseidl, 1837 188 4 | Common 12812 7195
Bombus campestri®anzer, 1801) 8 0| Rare 6650 3452
Bombus cullumaus (Kirby, 1802) 1 0 | Probably extinct 306 90
Bombus distinguendus Morawitz, 73 0| Occurs 5720 3909
1869 sporadically
Bombus hortorm (Linnaeus, 1761) 334 1| Common 33603 21010
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Bombus humilidiliger, 1806 16 0| Rare 11659 4055
Bombus hypnorurLinnaeus, 1758) | 225 4 | Common 15295 9538
Bombus jonellugKirby, 1802) 11 0| Occurs 15884 12871
sporadically
Bombus lapidariugLinnaeus, 1758) 16 1| Common 34450 28023
Bombus lucorunfLinnaeus, 1761) 62 0| Common 48182 38841
Bombus muscoruffiinnaeus, 1758) 45 0 | Relatively rare, 11288 6855
local
Bombus norvegicus (Sparre 1 0 | Common 1215 686
Schneider, 1918)
Bombus pascuoruiiscopoli, 1763) 797 277 | Common 87856 55738
Bombus pomorurfPanzer, 1805) 78 0 | Probably extinct o 1930 86
occurs
sporadically
Bombus pratorunfLinnaeus, 1761) 124 0| Common 40944 25912
Bombus quadricolor (Lepeletier, 4 0 | Probably extinct 1194 318
1832)
Bombus ruderariugMdiller, 1765) 76 0 | Relatively rare 12337 4392
Bombus ruderatu@~abricius, 1775) 37 0 | Probably extinct o 4826 1001
occurs
sporadically
Bombus rupestrigFabricius, 1793) 63 0| Common 7004 3156
Bombus soroeensfBabricius, 1777) 72 0 | Relatively rare, 18826 6104
local
Bombus subterraneus (Linnaeus, 26 0| Rare 3805 1755
1758)
Bombus sylvarurfLinnaeus, 1761) 402 0 | Relatively rare 10915 5629
Bombus sylvestrid_epeletier, 1832) 24 0| Common 9108 5652
Bombus terrestrigLinnaeus, 1758) 56 3| Common 35810 28001
Bombus vestali@Geoffroy, 1785) 3 0| Common 8464 5490
Bombus veteranu$-abricius, 1793) 65 0| Rare 3570 475
Chelostom rapunculi (Lepeletier, 1 0 | Common 1638 1325
1841)
Colletes  cunicularius (Linnaeus, 3 0 | Common 3150 3096
1761)
Colletes daviesarsSmith, 1846 1 0 | Common 3868 3715
Colletes impunctatuslylander, 1852 1 0 | Not known 304 289
Dasypoda hirtipes(Fabricius, 1793] 1 0 | Common, local 198 83
See note #2 below
Halictus tumulorun{Linnaeus, 1758) 1 0 | Common 11270 11098
Hylaeus annularigKirby, 1802) 1 1| Not known 2243 2118
Hylaeus confusuNlylander, 1852 1 1 | Relatively 6203 6009
common
Hylaeus pectoralis-orster, 1871 1 1 | Rare, local 924 917
Lasioglossum  albipes (Fabricius, 1 0| Common 8885 7906
1781)
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Lasioglossum calceatum(Scopoli, 1 0| Common 17411 13711
1763)

Lasioglossum lativentre (Schenck, 1 0 | Relatively 1951 1751
1853) common

Lasioglossum leucopyKirby, 1802) 2 0| Common 10318 9272
Lasioglossum leucozoniurgSchrank, 1 0| Common 8753 6402
1781)

Lasioglossum mori¢Fabricius, 179) 1 0| Common 14396 11985
Lasioglossum  villosulum (Kirby, 1 0 | Not known 8372 6358
1802)

Megachile apicalisSpinola, 1808 1 0 | Probably extinct o 164 72

occurs
sporadically

Megachile lagopodédLinnaeus, 1761) 1 0 | Relatively rare 1471 1398
Megachile leahella Curtis, 1828 1 0 | Common locally 154 100
Megachile willughbiellgKirby, 1802) 4 3| Common 4710 4570
Melitta haemorrhalalis (Fabricius, 1 0| Common 1535 1477
1775)

Melitta leporina(Panzer, 1799) 1 1| Common 1971 1881
Nomada ferruginatdLinné, 1767 1 1| Common 299 275
Nomada flavdPanzer, 1798 1 0 | Common 3763 3671
Nomada flavoguttatéKirby, 1802) 1 0| Common 4760 4681
Nomada flavopictgKirby, 1802) 1 0| Common 1122 1073
Nomada goodeniangirby, 1802) 1 0| Common 4425 4335
Nomada marshamellgirby, 1802) 2 1| Common 6020 5919
Nomada similisvlorawitz, 1872 1 0 | Rare 55 24
Osmia aurulentgPanzer, 1799) 1 0| Common 1745 1582
Panurgus banksianuirby, 1802) 1 0 | Common locally 1690 1667
Sphecodes crassi®iomson, 1870 1 0 | Not known 2711 2654
Sphecodes ephippiud.inné, 1767) 1 0 | Not known 4829 4722
Sphecodes geoffrell(Kirby, 1802) 1 0| Common 5910 5877
SphecodeminiatusHagens, 1882 2 2 | Common 730 667

* Nomenclature and occurrence of species in Denmark is according to: Sangild (Ed.),M2OfE&N &
Calabuig, 200&2012; Calabuig & Madsen, 200Qupont & Madsen, 2010;Madsen & Dupont, 2013;

http://www.fugleognatur.dk/

#1: Due to former nameonfusions, synonyms etc., in Denma#lgdrena carantonic&érez, 1902 has also
been recorded under the nanfexirena trimmerangKirby, 1802),Andrena scotic&erkins, 1919 oAndrena

jacobi Perkins, 1921. Therefore, the GBpiertal was checked for records of these species names, occurring in

Denmark. No such recds were found.

#2: Although the Danish official checklist us&asypoda hirtipes(Fabricius, 1793), the accepted name

according to GBIF i®asypoda altercatofHarris, 1780)
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4.8 GENERAL REVIEW OF ®S IN EUROPEAN MONORING SCHEMES
ASSESSMENT OF THE MION DATABASE

Material and Methods

The EuMon project(Schmeller et al. 2006%tarted a survey on biodiversity monitoring
practices across Eurepn 2005 (data used here were extracted in April 2010). For reaching
representatives of stakeholder groups involved in monitoring activities (governmental and
nongovernmental bodies), we distributed announcements of the questionnaire through
emalils, leters and at conferences to over 1600 individuals and through several national and
international mailing lists (including national and regional ornithological organizations,
national ringing offices, EBCC). We invited all recipients to forward our invitatiotheir
colleagues. We asked respondents to provide data online. The questionnaire was designed to
assess how biodiversity monitoring schemes were carried out and what the motivation was to
launch that scheme. For general background information we @ujurg., the official title of

the scheme, the institution it was located at, and the principal coordinator of the scheme. In a
second part of the questionnaire, we focused on the design and methodology of a scheme. We
asked information on field and sanmg methods, and associated statistical considerations.
For the taxonomic gap analysis, we compiled the data in a database, which can be reached at
http://www.surveygizmo.com/s3/1304066/Glotslrveyof-Nationat Biodiversity
MonitoringSchemesWe used the DaEuMON data from over 600 monitoring programs to
compile information on species monitoring by country. We performed a taxonomic gap
analysis ly species groups, but despite the fact that the EuMon survey is the firstdaige

survey of its kind, it may suffer from biases in taxonomic and geographic coverage. The
taxonomic bias was assessed by searching the Zoological Records and Googlef&cholar
references to monitoring. The search query used was (monitoring AND species group AND
europ. AND biodiversity). We computed the bias as logit(observe)it(expected), where

the observed values are the values from our database and the expeasdhaliotal of
institutions contacted, respectively the records from Zoological Records or Google Scholar,
meeting our search criteria. However, note that two databases may suffer from the same type
of biases as our survdy differential inclinations ofmonitoring schemes to publish their
resultsi and the biases in our data may not differ much from usual publication biases.

In DaEuMon fishes are strongly underrepresented and raptors and waterbirds
overrepresented, while birds in general show no biasdbas the Web of Science, but an
overrepresentation in regard to records in Google Scffélgr35). To determine the species
numbers per species group present in one country, we solicited a range of different sources,
including the national reports in ROBAT, Amphibia Web, Fishbase, Nation Master (Birds

and mammals). We then compared how many species were covered by the monitoring
schemes in DaEuMon and calculated the proportion of coverage in the EU countries (or
candidate countries). We could not fireords on species numbers for all species groups and
countries, e.g. missing butterfly numbers of Croatia, Iceland, and Norway.
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Another problem is the country bias in DaEuM&thmeller, 201, 5Bchmeller, 2009)Hence,

in some cases, we may underestimate the coverage due to a lack of schemes in our database.
In butterfly species, we found a higher coverage (>100%) fpecies. This might be due to

an underestimation of species due to not updated records, erroneous entries in our database or
an mismatch of nameswhen combining information from different monitoring schemes.
However, in these cases, we assumed thataherage would be 100%.

Table 13: Taxonomic coverage by species group and country.

Country butterflies | amphibians | fish Birds Mammals | Bats reptiles | Raptors
Austria 40.6% 0.0% 0.0% 0.4% 1.2% 0.0% 3.0%
Belgium 34.1% 47.4% 2.1% 53.9% | 19.0% 50.0% | 0.0% 0.0%
Bulgaria 0.0% 33.3% 0.0% 0.0% 16.0% 39.4% | 36.8% | 0.0%
Croatia 6.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Cyprus 0.0% 0.0% 0.0% 0.0% 0.0%
Czech 118.6% 0.0% 0.0% 56.1% | 0.0% 0.0% 0.0% 0.0%
Republic

Denmark 100.0% 0.0% 0.0% 63.8% | 9.3% 0.0% 0.0% 21.2%
Estonia 0.0% 83.3% 0.0% 90.7% | 18.5% 91.7% | 83.3% | 100.0%
Finland 111.8% 0.0% 0.0% 72.0% | 3.3% 0.0% 0.0% 44.1%
France 57.4% 23.8% 0.0% 95.4% | 21.5% 58.8% | 0.0% 25.0%
Germany 44.9% 81.8% 208.3% | 73.3% | 26.3% 50.0% | 50.0% | 21.2%
Greece 0.0% 0.0% 9.8% 1.2% 0.0% 0.0% 2.9% 0.0%
Hungary 5.9% 105.9% 39.0% | 54.8% | 25.3% 57.1% | 70.6% | 11.4%
Iceland 0.0% 0.0% 0.0% 0.0%
Ireland 113.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Italy 106.1% 0.0% 0.0% 60.0% | 0.0% 0.0% 0.0% 0.0%
Latvia 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Lithuania 0.0% 0.0% 71.9% | 72.1% | 55.9% 100.0% | 0.0% 3.8%
Luxembourg 0.0% 0.0% 0.0% 0.0% 10.0%
Netherlands 90.9% 94.1% 0.0% 114.6% | 14.5% 30.4% | 43.8% | 0.0%
Norway 0.0% 108.7% | 124.1% | 18.5% 0.0% 0.0% 6.3%
Poland 13.6% 94.4% 72.1% | 117.2% | 83.3% 104.8% | 75.0% | 86.5%
Portugal 0.0% 0.0% 0.0% 38.3% | 0.0% 0.0% 0.0% 0.0%
Romania 0.0% 0.0% 0.0% 42.8% | 0.0% 0.0% 0.0% 0.0%
Slovakia 0.6% 0.0% 0.0% 0.5% 0.0% 0.0% 0.0% 3.2%
Slovenia 0.0% 47.1% 113.4% | 41.8% | 36.0% 90.0% | 0.0% 23.5%
Spain 0.0% 21.6% 0.0% 88.3% | 0.0% 1.5% 71.4%
Sweden 0.0% 0.0% 0.0% 6.6% 0.0% 0.0% 0.0% 0.0%
United 0.0% 0.0% 0.0% 85.6% | 18.0% 0.0% 0.0% 17.6%
Kingdom

The highest mean taxonomic coverage was achieved in Poland and German37)Fig.
However, the latter was mdyndriven by an overcoverage of 208% for fishes. The countries
with zero taxonomic coverage are underesgnted in our database (Fi§).3
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Fig. 37: Mean taxonomic coverage per country across all species groups.

Across Europe birds in general are thethms/ered species group (48.1%), followed by
butterfies, bats and amphibiarisig. 3).

60,0% -
50,0% - 48,1%
40,0%
30,0%
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Fig. 38: Mean taxonomic coverage by species group across European Countries

To what extent each of the species groups is spatially well covered is difficult tonideter
However, the EuMon database suggests that most countries achieve a 100% or near to 100 %
spatial representation of their monitoring schemes.
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4.9 FOCUSEEREVIEW OF GAPS IN APECIFIC MONITORINGCHEME:ATLAS OF
EUROPEAN BREEDING RDS (VERSION 1&2) AN THE PAN EUROPEAN
COMMON BIRD MONITORG SCHEME

The European Bird Census Council (EBCC) promotes bird monitoring and atlas work across
Europe and joins efforts carried out at national level to build a robust strategy to determine
bird species distributiomnd population trends at a European level. Up to date, the most
relevant examples of this EWide strategy are the Atlas of European Breeding Birds and the
PanrEuropean Common Bird Monitoring Scheme.

4.9.1 Introduction - Short overview of the Atlas of European Breeding Birds

The first comprehensive Atlas of European Breeding Birds was the first major initiative of
the EBCC. The final product was an impressive book with more than 900 pages with maps of
distribution, accompanying text and information on the pomulasize estimates for key
countries where it is present (Hagemeijer and Blair 1997). The atlas data has been used by a
wide variety of researchers and conservationists for purposes ranging from estimating
hotspots of species occurrence to predicting ffexts of climate change. As an example of

its wide interest, a recent review by Tulloch et al. (2013) showed that this has the highest
Google Scholar citation rate among all bird atlases in the world.

A total of 339 386 species records from 497 Europsieth species was collected in 3 959
50x50 km squares (UTM grid). This dataset can also be viewed through the internet by means
of an interactive portal (http://sl.sovon.nl/ebcc/eoal/) currently hosted by SOVON Dutch
Centre for Field OrnithologyHig. 39).

EBCC Ya. The EBCC Atlas of European +
———— Breeding Birds
g Q Sardisian Warkder

Sytda melamocaphain

Fig 39. Example of the EBCC Atlas data for the Sardinian WarBidvia melanocephalas shown in the en
line portal As in the book, the dots on the map refer to six different categories of information on breeding
evidence and abundance.
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4.9.2 Coverage of the dataset

The area covered in the European Breeding Bird Atlas included all of Europe, including The
European part of Russia and Kazakhstan, Madeira, the Azores, Iceland, Svalbard, Franz Josef
Land and Transcaucasia) although not Turkey, CyprdgtanCanary Islands.

It integrated mainly field data for the period 19B338, but this depended a lot on the
situation of each country and for some of them data recorded in the 1970s (in Russia even
earlier) were also included.

4.9.3 Outline of gaps and biases

The European Breeding Bird Atlas collected data for the whole of Europe but not with the
same intensity everywhere. No data was recorded in a high number of squares, especially in
Russia, and coverage was also considered poor or incomplete in marggotiresKig. 40)

Completness of cove ;

No data 2
* Poor coverage ﬁ

* Incomplete coverage
* Good coverage

Fig. 40. Completeness of coverage at each of the 50x50 km squares of the European Breeding Bird Atlas
(Hagemeijer and Blair 1997).

Regarding temporal biases, not all available data comes from the standard study period
(19851988). Insome cases, even data from the 1950 or 1960 was inc{sdedlable 4
below)
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Country Years of Country Years of fieldwork

fieldwork

Albania 85 and 93 Italy 7992

Armenia 8593 Latvia 85-88

Austria 85-88 (some Lithuania 85-88
89/90)

Azerbaijan 94 (few species| Luxembourg 76-90
only)

Belarus 72-92 Macedonia 8592

Belgium 85-89 Malta 85-88

Bosnia and 8592 Moldova 86-90

Hercegovina

Bulgaria 80-89 Montenegro 85-92

Croatia 85-88 Netherlands 84-90

Czedt Republic 85-88 (some Norway 50-89 (-94)
89)

Denmark 85-88 Poland 86-93 (some 94/95)

Estonia 85-88 Portugal 78-89 (-95 in Azores)

Faeroe Islands 81-89 Romania 77-92

Finland 86-90 Russia 63-94

France 80-92 Serbia 8592

Georgia 92 Slovakia 85-88

Germany 7990 Slovenia 79-88

Great Britain 85-88 (some Spain 70-92 (includes Andorra)
89)

Greece 81-90 Sweden 86-91

Hungary 7991 Switzerland 85-88 (some 89/90 included

Liechtenstein)
Iceland 85-95 Turkey 88-95 (only European part)
Ireland 85-88 Ukraine 80-93
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In principle there were no evident biases with respect to the different avian orders or families
and data for all bird species was collected everywhere.

It is important to highlight that there are limitations in data quality in this atlas thaldshe
taken into account for further research. Essentially these are:

There was no prescribed set of fieldwork methodologies for establishing presence or
absence.

There was no universal set of methods of preparing the fieldwork results forocollat
onto the reporting forms.

Differences in the quality of field ornithology and in the relative numbers of observers
will result in varying data quality.

Some data are partly extrapolated data
Some data come from literature (mainly in aretieas).

4.9.4 Data accessibility

The reference website for the project is http://www.ebcc.info/index.php?ID=5. Use of the
data is administered via the EBCC Executive Committee and the data extraction and handling
is currently done by staff at SOVON in the Nalands and Catalan Ornithological Institute

in Spain, according to agreed rules. There are countless possibilities for using this valuable
dataset, and those interested should contact the EBCC Atlas data provider about the
conditions for obtaining the datRequests will be reviewed by the Executive Committee and
there are usually costs for its provision to cover data handling.

4.9.5 Trends in accumulation of occurrence data / integration of historical data

This atlas itself does not include any data thatwatrend analyses, but see EBBA2 (below)

4.9.6 Recommendations for closing the gaps

The new European Breeding Bird Atlas (EBBA2) is a project promoted by the EBCC and its
partners to update the groubdeaking first atlas, whose data are now 30 years old
(http://www.ebcc.info/nevatlas.htm). This new atlas attempts also to cover many of the
geographical gaps of information of the first atlas, in particular in the East of the continent.
The efforts currentlyconducted in countries such as Russia in close cooperation with the
EBCC are expected to be especially important to cover these gaps.

The fieldwork period is focused between 2013 and 2017. In a context of over 50 countries
(now covering also all Turkeythe Canary Islands and Cyprus) and 10 000 008, km
situations are extremely diverse, from countries with intensive atlas work projected within
this period to huge remote regions for which ornithological exploration represents a
noticeable challenge everdimy.
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Fig. 41: Map of the area covered by the EBBA2 project, which includes 52 countries and 11 miliomkm
addition to the area covered in the first European atlas, EBBA2 includes the whole of Turkey, Cyprus and the
Canary Islands.

The EBBA2 methdology attempts to achieve four aims: 1) To document breeding evidence
for all bird species at a resolution of 50x50 km, 2) To estimate abundance for all bird species
at a resolution of 50x50 km; 3) To determine the changes in bird species distribudion at
resolution of 50x50 km since the 1980s and 4) To modeldiamed distribution for as
many bird species as possible and project it at a resolution of 10x10 km (Herrando et al. in
press). Differently from the first European atlas, in EBBA2 it is expeatenore important

role for modelling. In particular, this is expected to be important for: 1) covering the gaps of
information at a resolution of 50x50 km, and 2) predicting the species occurrence at 10x10
km resolution.

4.9.7 Literature

Hagemeijer, E.J.M., Bir, M.J. (editors)., 1997. The EBCC Atlas of European Breeding
Birds: their distribution and abundance. T & A.D. Poyser, London.

Herrando, S., VoS2gek, P., Keller, V., 2014.
bird atlas: finding standards across diverse situations. Bird Census News (in press).

Tulloch, A.L.T.,Possingham, H.P., Joseph, L.N., Szabo, J., Martin, T.G., R&Bising the
full potential of citizen science monitoring programs. Biological Conservation 165, 128
138.
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4.10 GENERAL REVIEW OF (&5 INNUCLEOTIDE SEQUENJBRATABASES
4.10.1 Introduction - Short overview of the datasource

We analyzed nucleotide sequence data ininlbernational Nucleotide Sequence Databases
(INSD: GenBank, ENA, DDBJj with a focus on fungal taxa and the formal fungal barcode,
internal transcribed spacer (rDNA ITS) region (Schoch et al., 2012), that in most cases is the
marker of choice for the exgiation of fungal diversity in biological samples like soil, water,

air, tissue, etc.

As of March 2014 there were 390 858, 83 446, and 203 694 rDNA ITS sequences deposited
in INSD of fungal, animal, and plant origin, respectively. For animal species i QDI

(689 109 sequences), and for plant species rbcL (70 070 sequences) and matK (68 860
sequences) are more commonly utilized as barcodes for identification purposes and in
taxonomic studies.

Two problems are particularly acute in the pursuit of satisf§ taxonomic assignment of
newly generated fungal ITS sequences: (i) the lack of an inclusive, reliable public reference
data set and (ii) the lack of means to refer to fungal species, for which no Latin name is
available in a standardized stable wayetnational community of mycologists developed the
UNITE® database for molecular identification of fungi that attempts to solve the problems
referred above- all public rDNA ITS sequences are clustered on different similarity
thresholds intdSpecies Hypbeses(SH). All SHs are given a unique, stable name of the
accession number type, and they are open to-ffarty annotation to improve their metadata
and identifications (Kdljalg et al., 2013).

In this analysis we give an overview of the representatibriungal species based on
nucleotide sequence data available in INSD, and compare INSD ITS sequences with full
species names against-Shbrovided by the UNITE community.

4.10.2 Coverage of the dataset

INSD fungal dataset covers all publicly available fungaNAITS sequences. As of June
2014, the number of sequences deposited in INSD was 417 987. For 49,6% of sequences the
country of origin was specified (in total: 201 distinct countries).

For further analysis we generated qualfittered (chimeric, low qudly, and overly short
sequences excluded) dataset consisting of 276 898 sequences. In thisfijesdidydataset
where thirdparty annotations (e.g. adding country and-geordinates, habitat, isolation
source, and identifications) were carried out, 786 of records had country of origin, and
15,9% of records gecoordinates specified. In tabl® the number of sequences and species
in INSD and UNITE SH system are shown by continents.

19 http://ww.insdc.org
20 http://unite.ut.ee
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Table 15: Continent / rDNA ITS based fungal species in INSD andTE\databases (UNITE SH versic
6, 98,5% threshold for all tables in this document).

Continent name INSD sequences INSD species QF sequence$ UNITE SH speciés

Europe 73515 7414 57171 14686
Asia 49006 5150 39671 10008
North-America 89346 5541 57483 14328
SouthAmerica 15051 1920 12213 3526
Australasia 12410 2054 9275 3566
Africa 8296 1320 7408 2595
Antarctica 1424 262 1176 407
Unspecified 168939 14415 92501 19393
Total (unique) 417987 22873 276898 54540

! Number of sequences iNSD
2 Number of species names in INSD fungal classification (species names like Ame
1, etc. are excluded)

3 Number of all quality filtered (QF) sequences included in UNITE SH
* Number of 98.5% UNITE -SH

Table B shows that althougfor 34% of sequences the origin of country is unknown, there
is a sampling bias towards Nomtmerica and Europe with Soutkmerica, Australasia and
Africa being clearly underepresented.

We also looked at the proportions of shared speciess(&preseted by more than one
sequence in UNITE system) between all contindfits.42 illustrates that all continents have
similar proportion of species unique to this area but the number of unique species in each
continent differs greatly (e.g. 667 in Sowimerica vs 2 643 in Europe). With 20% of all
sequences originating from Europe, and another 20% from Montrica, inFig. 42 most of

the continents share greater proportion on species with Europe. On the other hand, it can be
observed that a low proportiori species present in Europe are shared with SAathrica,
Australasia and Africd areas that are characterized by scarce sampling and represented by
less sequence data.

In INSD dataset 41,7% of sequences were identified to species level whereas 28¢6% wer
identified only on kingdom level (as Fungi sp.) In Tab#eahd Fig. 8 the number of species

in distinct phyla are compared between different data sources (INSD full species names,
UNITE Species Hypothesdsadex Fungorum).
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Fig. 42: Unique Species Hyptheses and Sks shared between continents.

Table 16. Taxonomic coverage phylum level

Phylum Index Fungorum INSD UNITE Sid

Ascomycota 78330 13559 24226
Basidiomycota 45727 8573 22517
Blastocladiomycota 0 1 2
Chytridiomycota 1205 172 476
Glomeromycota 195 127 1751
Incertae sedis 7 20 17
Microsporidia 0 92 15
Neocallimastigomycot: 0 1 0
Zygomycota 1291 408 944
unidentified 0 14 4364
Total 126755 22967 54312

L Only current names on species level and below are included

2 Only full pecies names on species level or below are included

%98.5% UNITE SH
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Fig. 43 illustrates that although there are more sequences identified as Ascomycota (43% of total sequences
compared to 23% in Basidiomycota), and there are more taxa dedoribecbmycota in both Index Fungorum
and INSD, the number of taxa resulted in sequence similarity analysis is comparable in these two phyla.

4.10.3 Outline of gaps, biases and data quality (spatial, taxonomic, temporal gaps)

The main gaps in nucleotide sequedata deposited in INSD are related to sequence quality,
missing and misidentifications, lack of metadata, nmse of metadata standards, and
sampling bias.

It is suggested that up to 20% of fungal sequences in public repositories can be incorrectly
identified (Nilsson et al., 2006), low quality or chimeric. This affects the species
identification process in ecological and mbtacoding studies by compromising the results,
and can cause the propagation of incorrect data. There have been a number di researc
articles published recently (Nilsson et al., 2012, Lindahl et al., 2013) with guidelines on how
to collect, analyze, and deposit sequence data to overcome the problems mentioned above.

Fig. 44 illustrates the gap of missing identifications in public sswpe repositories reflecting

our current knowledge on fungal taxa and how it relates to known, formally describéd taxa
approximately 35% of species known from DNA cannot be assigned to any known species
for which full species name in Linnaean classifimatis available today. It is important to

note here that approximately 20% of formally described fungal species are represented with
DNA barcode sequence in INSD, so it might be that Didé&ed taxa we cannot assign full
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species name to might be describaod be present in herbaria, but have never been
sequenced.

Fig. 44: Taxonomic coveragé proportion of DNAbased species for which no latin binomial is currently
available.
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In this document we have shown, and it has also been previously noted (Testleedgo
2011), that the lack of metadata and +use of standardized vocabulary for recording
metadata is common when depositing sequence data into public repositories. With the
introduction and propagation of Environment Ontology (ENVO,
http://environmentontology.orp/and MixS standard together with environmental packages
by Genomic Standards Consortium (GS@tp://gensc.org/ this already shows signs of
improvement and aeptance by the community.

There have been a number of thparty annotation efforts for the public nucleotide sequence
datasets where subsets of INSD data have been downloaded into inhouse databases, quality
filtered, annotated, and made publicly avakalibr the research community. Few of the
examples include RefSeq (Schoch et al., 2014), UNITE, and R®#/frdp.cme.msu.edu/

The main idea behind these databases is to improve the tools and reference datasets fo
sequencdased identification.

We also illustrated the sampling bias where majority of sequences originate from Europe and
North-America. With the introduction and wider use of nRggheration sequencing
techniques in recent years that can be appliedtariety of biological samples with global
coverage this gap is also expected to disappear in the next five years time.
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4.10.4 Data accessibility

Data deposited in INSD is publicly accessible and freely usable. There have been developed
extensive tools to sedrcand download the data using both web browser and application
programming interface.

4.10.5 Trends in accumulation of occurrence data / integration of historical data

Fig. 45 shows the accumulation of fungal rDNA ITS sequences and full species names in
INSD andUNITE system. While the number of sequences shows growth pattern similar to
that of exponential, the number of full species names shows little increase in recent years.
The number oSpecies Hypotheseshere species are based on sequence similarity declu
molecular data from all biological samples, and exact taxonomic identification is often
unavailable, grows linearly.

Fig. 45: Accumulation of sequences and full species names in INSD and UNITE system.
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With the application of next generation sequegdechniques in recent years there has been

an explosion of molecular data coming from various biological samples in ecological studies.
These data (both sequence reads and associated analysis) are currently being deposited in
Sequence Read Archive (SRAttp://www.ebi.ac.uk/eng/

4.10.6 Recommendations for closing the gaps

The main gap of the genetic data in INSD databases is a lack of important metadata like
locality. Not only country name but also georeferencesldhoecome mandatory fields for

the uploading sequence data into INSD databases. This will enhance the quality and usability
of the genetic data very much.
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4.11 GENERAL REVIEW OF &% IN EUROPEAN AXONOMIC DATABASESFAUNA
(DATABASE FAUNA EURRAEA)

4.11.1 Introduction - Short overview of the datasource

One important source of information regarding biodiversity is the information on the
scientific names of species, subspecies and higher taxa. Only by having specific valid and
unique identifiers like names, information of biodiversity can be assigned correctlyand names
could be used as metadata to index biodiversgigted information (Patterson &l., 2010),

e.g. occurence records with date, location and time to species. Here we outline the gaps of
two taxonomic databases, Fauna Europaea (FaEu) for terrestrial and freshwater species and
Euro+Med for plant species that list the formally descrispdcies of mainly European
organisms.

Fauna Europaea (FaEu) is Europe's main zoological taxonomic index, making the scientific
names of all European land and freshwater animals integrally available in one authoritative
database via the Fauna Europaea yettal. Fauna Europaea covers about 240 000 taxon
names, including 145 000 accepted (sub)species, brought together by a network of more than
400 specialists. Fauna Europaea is a unique (standard) reference on a European scale, serving
as a scientific batiee for many users in science, government, industry, nature conservation,
and education. Fauna Europaea is also part of PESI, thEUPapean Species directories
Infrastructure which provide a robust infrastructure for the nomenclatural needs of European
users for the different realms (freshwater, marine and terrestrial). As part of PESI, Fauna
Europaea is selected as an INSPIRE directive (i.e. a formal standard) for the European
taxonomic names. To ensure the collation of high quality data, more thaspé6ialists,
including 65 Group Coordinators are contracted. Advancederand ofline tools for data

import and data management were developed, and procedures for data validating applied,
including a review process on the inclusiveness and qualityeofiata sets, taken care about

a network of national Focal Points and other thematic partners, fully supported by the digital
infrastructure. The Fauna Europaea index runs as a gateway serving the integration and
sharing of biodiversity data, supportingajor biodiversity informatics initiatives, like
Lifewatch, EU BON, and GBIF.

4.11.2 Coverage of the dataset

Fauna Europaea is a project providing a iwabed information infrastructure for the
taxonomy of all European land and freshwater animals. The progetgdsin March 2000 as

a European Commission FP5 funded project, is producing an index of scientific names
(including important synonyms) of all living European land and freshwater animals, their
geographical distribution at country level (up to Ural, egdolg Caucasus region), and some
additional optional information. The coverage extends from the Azores in the West to parts of
Russia in the East, and from Franz Josef Land in the North to Madeira in the South.
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4.11.3 Outline of gaps and biases

Fragmentation of data sources

On a European scale, there is, through PESI, a common taxonomy existing for the freshwater,
marine and terrestrial species. However, there are different approaches on a global
perspective from national Istto lists focusing on specific taxa here is a need to maintain a
unitary taxonomy (Godfray, 2002) that is up to date to avoid gaps and fragmentation in
taxonomic knowledge.

Gap in taxonomy: Newly described species and cryptic species

Over the years, there is still a significant numberafd names given to new or existing
species each year. As the figure shows, there is still a high number of species being detected
or valid names are given to a taxon among the different phyla.Fighe46 shows, for
European species, the number of speciescribed per decade respectively number of species
where a new valid name was assigned. There is particularly for the Arthropods a high number
of species described consistently since the 194Gias 46, please pay attention to the
logarithmic scale bthe yaxis). Looking at the aggregated numbers per decade for other
species, there are also high rates of new species for Mollusc species, particularly with an
increase in the period from 20@0D10. Contraryto that, there was a slight decrease for
Anndidae. Some decline in described species could be also assigned to the problems
taxonomy has since a couple of years, namely the lack of (human)resources and restricted
funding opportunities.

Some basic numbers of Fauna Europaea:
1 Number of species: 18277

Number subspecies: @D1

Number of synonyms (species).®B%6

Number of synonyms (subspecies®p30

= =4 =4 =

References:®97

As the figure shows, there is a constant work needed in the realm of taxonomy, where many
new species are, even in Europe, descrilvedyeyear. For the European species that are part

of the FaEu database, the first descriptions started over 250 years ago (in the year 1557 by
Carl Alexander Clerck) and stayed on a quite high rate also within the last 70 years as the
figure shows. By thigjuite high number of new species described and detected it could be
infered that there is still a high number of undescribed taxa among the different phyla in
Europe. Thus, on a European scale, the extant biodiversity is still not adequately assessed due
to unknown species or cryptic diversity (Bickford et al., 2007) nor described which also leads
to an underestimation of biodiversity in general. Furthermore, not only the valid names are
important for research purposes but also (undiscovered) synonyms.

131



Deliverable report (1.1) EUBON FP7-308454

10000

.//,- Eu— —- 4\.

1000 4
4 ¥ == Annelida

— —-—-_;@__———9&"-.-.-)( ——Arthropoda
— e =se=Chordata
100 - *
_\ \ == Nollusca
Z/- - = e #=Nematoda
o - \f’k— Platyhelminthes

=== Rotifera

decade

10

Others

cummulative # of new described speciesper

1950 1960 1970 1980 1990 2000 2010
decade

Fig. 46: Number of new taxon names (subspecige?)decade from 19402010 (1950 includes the years from
19411950) according to different phyla. The number also includes newly described species or species with a
new valid name.

For some species and groups, taxonomic data in Europe is quite compléeiay, the classes

birds, mammals and reptiles the the number of new described species was quite low, ranging
from 0-8 new described or named species in 20 years {202Q). However, also such
relatively small numbers could mean a quite substantialteffderms of taxonomy, as e.g.
the 6 new species for amphibians repKigesent
47). There are also orders on other taxonomic groups were still a high percentage of new
valid species names were assigned. Asdbkietshows (see Tabl&)]lthere is quite a number

of orders where the new species within ~ 30 years (P880) account for 3@4% of the
species in general.

Table 17: the ten orders with the highest percentage of newly described species in the ithérper 1981
2010. Only orders were counted with a overall species number of at least 50 species.

order Mew species All species Mew Species [
class phylum 1990-2010 until 2010 existing

Protura Entognatha |Arthropoda 78 179 44%
Opisthopora Oligochaeta |Annelida 173 472 37%
Chaetonotida Chaetonotoid

e Gastrotricha 73 221 35%
Dorylaimida Adenophorea [MNematoda 261 769 34%
Dictyoptera Insecta Arthropoda 68 202 34%
Ephemeroptera Insecta Arthropoda 113 339 313%
Meotaenioglossa |Gastropoda |Mollusca 303 915 33%
Pseudoscorpiones

Arachnida Arthropoda 288 901 32%
Arhynchohdellida |Hirudinea Annelida 14 a7 30%
Mononchida Adenophorea |Mematoda 32 108 30%
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Fig. 47: Number of new taxon nhames per decade from 2 Z88.0 for four different classes of vertebrates.

In terms of number of species there was particularly a high number of species in arthropods
and molluscs described (s€&g. 47). The figure refle@ cummulative yearly increase of
species since the year 2004, with an particular strong increase for arthropods throughout the
years. For the mollusc species there was a particular strong increase in the ye®@@02006

As the figures shows exemplarihhere are still a large number of undetected or cryptic
species even in Europélso an overview of new described species within 20 yearsHgee

49) among the orders with the highest increase shows that there are still large gaps in our
knowledge regaidg taxonomy. Again, the orders with the highest numbers of new
described species are part of the phyla of the molluscs and arthropods. The findings for
European species are also found in other groups, for example in Raphidiidae, a family of
snakeflies, were taxonomic efforts strongly increased since the 1970ies and still a lot of new
species are still described. Today, 202 species of Raphidiidae are already described and it is
estimated that there are possibly-@D species still to be discovered (Aspdokd Aspdck

2014).
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Fig. 49: Number of newly described species for different orders, illustrating the strong increase for the time
period 19912000 and 200:2010.
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Gap in delay of published names

As Fig. 50 shows, there is also a delay between thdighibg date of a valid taxon name and

the date when the taxon name was ultimately published in an online database of taxonomic
names. The delay can be quite substantial, for example only for 6% of the species the names
were published within the same yeRor 17% of the species name there was a delay of one
year, 60% for a delay of2 years and 17% for a delay of at least five years. As there is still a
quite large delay in the publication of species names, ways should be found to close the
existing and bvious gaps. A way to speed up the process to detect new species could be a
combined approach of a routine to identify 'dark species' (for example with the help of
barcoding projects, e.g. iIBOL, the International Barcode of Life) and the possibility for a
quick description of new species, for instance using the Pensoft tools.

g I &
e B 15
-]
27 147
£
=
HG 152
2
85 314
-
2
B4 278
=
g 3 715
[
S 2
z 289
]
o 101
T T T T T T T 1
o 50 100 150 200 250 300 350
# of taxa

Fig. 50: Delay (in years) between publishing date of the taxon name and online publishing of the name in a
database (here: in FaEu) for species published betweer22034

4.11.4 Data accessibility
Data could be accessed and queried MaHomepage. Extracts of the taxonomic content of

the database could be obtained via request for scientific use. It is planned to appB¥a CC
SA license to the dataset.
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4.11.5 Recommendations

1 On a European scale, there is, through PESI, a common taxonastipgekor the
freshwater, marine and terrestrial species and plants. There is a need to maintain a
unitary taxonomy that is up to date to avoid gaps and fragmentation in taxonomic
knowledge. Thus, extending and linking existing projects on species taydmasn
further to be enabled.

1 Most databases for taxonomy have free acdeswever, some databases still allow
only restricted use. For taxonomic data, all databases and projects would need to give
free access to their data to update and homogenize capmaches.

1 Also the human resouregde of taxonomy has to be tackled: Few funding
opportunities for taxonomic work and overaging of taxonomists limit the ability

91 Developing a routine to identify 'dark species' (in collaboration with barcoding
projects)and the possibility for a quick description of new species, for instance using
the Pensoft tools.

1 Set up of a real innovative data management environment for expert networks.
Resolving gaps should be an integrated part of the data management efforts, the
results of validation routines proposed in a most-trsemdly way:

4.11.6 Literature
Aspock, H., Aspock, U., 2014. Die Autoren der Taxa der rezenten Raphidiopteren (Insecta:
Endopterygota). Entomologica Austriaca 211,32.
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evolution 22, 1481 55.

Godfray, H.C.J., 2002. Challenges for taxonomy. Nature 4171917

Patterson, D.J., Coep, J., Kirk, P.M., Pyle, R.L., Remsen, D.P., 2010. Names are key to the
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4.12 GENERAL REVIEW OF &S IN EUROPEAN TAXGDMIC DATABASES: FLOR-
VASCULAR PLANT SPEE$(EURO+MED)

4.12.1 Introduction - Short overview of the datasource

Euro+Med PlantBase provides an-lore database and information system for the vascular
plants of Europe and the Mediterranean. It is a rich resource of information on the plant
diversity of the EuréMediterranean regionncluding the Caucasus countries, which will be

of use to a wide variety of users including professional biologists, agronomists, foresters,
horticulturalists, conservationists, environmental planners and national and international
organisations. The projetas received initial backing from the European Commission for
three years and additional funding within the likewise-fidbided project PESI (a Pan
European Species Directories Infrastructure).

Euro+Med Plantbase integrates and critically evaluates imfttwm from Flora Europaea,
Med-Checklist, the Flora of Macaronesia, and from dozens of regional and national floras
and checklists from the area, as well as from additional taxonomic and floristic literature.
This is complemented by the European taxa ofes@ families taken from the World
Checklist of Selected Plant Families and of the Leguminosae from the International Legume
Database and Information Service ILDIS. By April 2014 it provides access to 187 plant
families, corresponding to ca. 92 % of ther&pean flora of vascular plants.

4.12.2 Coverage of the dataset

Taxonomic groups covered by Euro+Med Plantbase are vascular plants, including ferns and fern allies
of Europe, Transcaucasia, the circummediterranean countries and the Macaronesian Islands except
Cabo Verde (seeFig. 51). In future, inclusion of other taxonomic groups such as lichens and
bryophytes in Euro+Med Plantbase is envisaged.

The following data are included in the Euro+Med taxonomic core:

0 The scientific name of each taxon;

0 The standardizeduthor citation;

0 The place and date of publication;

0 Common names in different languages, together with the literature reference;

0 The basionym;

0 Selected homotypic and heterotypic synonyms that have been used in the standard literature;
0 Distribution accordig to published sources, together with the literature reference;

0 Status of occurrence in the different E+M areas, together with the literature reference;

0 Endemic to region/country/territory.
As to the status of occurrence, the following are included:

(@]

indigenous (= native) species;

naturalized aliens;

frequently occurring casuals;

introduced plants with unclear status of naturalization;

presumably (regionally) extinct plants;

plants that are conspicuously cultivated outdoors (including crops planted octrscéikd and
forestry, street and roadside trees, but not commonly grown park and garden plants).

O¢ O¢ O« O« O«
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Fig.51: Map of the area covered by the Euro+Med PlantBase project

4.12.3 Outline of gaps and biases

For the gap analysis in data of vascular plants in the Eurot®deatiean region, the Euro+Med
Plantbase is continuously being evaluated and gaps are identified. The data, however, are not of the
same quality for all taxonomic groups. We have to consider:

(@]

full treatments with ugto-date taxonomy and full geographicvevage;

treatments with gaps in tgating the taxonomy (new names published in the last 15 years not
fully integrated, new generic or other taxonomic concepts not considered);

treatments with gaps in geographic coverage (literature from certain are&ucgsus and
Near East, not fully integrated);

treatments with gaps in tgating floristic and occurrence data (new, recently published
datasources such as floras, checklists or other not fully integrated)

treatments not yet edited by specialists (i.aly @aw data in the database, not yet available
ortline)

treatments imported from external sources (WCPS, World Checklist of Selected Plant
Families e.g. for Labiatae; ILDIS, International Legume Database Information System). The
inherent gaps within thesgatasources (e.g., no breakdown for Transcaucasian countries at
country level as in E+M) will not be filled externally. Must be replaced with our own datasets
as soon as feasible

(@]

(@]

(@]

(@]

(@]
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4.12.4 Results Taxonomic gaps(Table 18):

families | genera| species| subspecies taxa percent
(incl. ([species+subspecies
nominate - nominate
subspecies) subspecies
Online 39171 91,86
accessibl 187 2635 30174 12081
Still to be 3471 8,14
edited and
published 45 262 2676 1143
Total 42642 100
222 2897 32850 13222

Concreée taxonomic gaps in Euro+Med PlantbéEable D): 45 families remain to be edited
and published online. In order of size, these are (families with less than 10 taxa not listed):

Ranunculaceae 737 taxa

1. Polygonaceae 414taxa
2. Dipsacaceae 364 taxa
3. Cistaceae 302 taxa
4, Violaceae 242 taxa
5. Convolvulaceae 152 taxa
6. Onagraceae 151 taxa
7. Valerianaceae 145 taxa
8. Linaceae 134 taxa
9. Polygalaceae 106 taxa
10. Rutaceae 71 taxa
11. Amaranthaceae 65 taxa
12. Rhamnaceae 63 taxa
13. Caprifoliaceae 63 taxa
14. Tamari@aceae 55 taxa
15. Aceraceae 46 taxa
16. Cucurbitaceae 44 taxa
17. Berberidaceae 37 taxa
18. Aizoaceae 31 taxa
19. Callitrichaceae 27 taxa
20. Tiliaceae 24 taxa
21. Oxalidaceae 23 taxa
22. Cactaceae 21 taxa
23. Anacardiaceae 19 taxa
24. Polemoniaceae 15 taxa
25. Celastraceae 15 taxa
26. Pyrolaceae 15taxa
27. Vitaceae 14 taxa
28. Frankeniaceae 13 taxa
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4.12.5 Geographical gaps:

families | genera | species | subspecies taxa| percent
(incl.nominate ([species+subsp
subspecies) cies]- nominate
subspecies
Data complete 30942 72,56
148 2078 23609 9698
Data still missingfor 27,44
transcaucasian
countries and 11700
makaronesian islands) 74 819 9241 3524

4.12.6 Data accessibility

The database is dime and can be queried from the homepdu://ww2.bgbm.org/EuroPlusMed/
Extracts of the taxonomic database content and subsets are under certain conditions available upon
request for scientific use. The E+M Plantbase is currently licensed under a Creative Commons
Attribution-ShareAlike 3.0 Unported license (€BY-SA-3.0 Unported). Search modalities will be
improved when the migration from the current system to the EDIT Platform for Cybertaxonomy will
have been completed. In particular, the new Euro+Med informagistem will be equipped with a
capable service layer for machine to machine communication (http://cybertaxonomy.eu/cdmlib/rest
api.html). The RESTful service layer has granular methods giving access to all objects of the
underlying data model as well assat of streamlined service tailored for seamless integration in
scientific workflows and portals.

4.12.7 Recommendations

Some of the identified gaps are currently being filled by specialist editors, who are responsible for
certain groups of taxa. This processs@metimes very long and, given the limited time most
researchers can devote to this task, unpredictable. Most responsible editors are not being payed to
fulfil this task, nor is this task considered part of their obligations in the institutions whenedhey

While smaller gaps can be filled by work at the Euro+Med Plantbase secretariat, the editing and
evaluation of larger groups such as Legumes (currently provided externally by ILDIS) or Labiatae
(currently provided externally by WCPS) is a task forakhadditional funding should be looked for,

as this will take several full persgrars.

Cooperation with similar databases, which do have taxonomic and geographic overlap with
Euro+Med Plantbase, is being sought to identify discrepancies and to matelkahemy of those
sources (e.g. Tela Botanica in France, African Plants Database in Geneve, etc.).
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4.13 GENERAL REVIEW OF ®5 IN EUROPEAN ENVONMENTAL TEST SITE
DATA: LTER DATA

4.13.1 Introduction - Short overview of the datasource

The LTEREurope network (LogrTerm Ecosystem Research) is the European branch of the
International LTER network (ILTER), a global network of research sites located in a wide array of
ecosystemsWith their longterm series of environmental observatiob$ER sitescan helpwith
undestandng environmental change across the globe. ILTER's focus is chased ecological and
sociceconomic research and monitoring (known as LTER and LTSER).

Traditional LTERsites cover an area of typically about@ km2, comprising mainly one habitgpe

and form of land use. Activities concentrate on sypadlle ecosystem processes and structures
(biogeochemistry, selected taxonomic groups, primary production, disturbances etc.}EUNdpR
distinguishesthree classes of LTERsites with respect tdnfrastructure, comprehensiveness of
ecosystem approach and age.

(1) Master sites are highly instrumented and permanently operating sites, featuring an ecosystem
approach in terms of combining regular sampling (weekly as standard), permanent measarments
inventories at appropriate intervals across drivers and ecosystem compartments. Experimental
approaches shall be existent or possible. All year access and power supply must be secured in order to
enable, for example, measurement of climate data aocpridi international standards. Other
networks and related projects have been using this category of site (e.g. EMEP, CarboEurope,
UNECE ICPs, national monitoring networks) and operation should be ongoing for at least 10 years.

(2) Regular sites should principle comply with the description of Master sites, but differ in volume
of instrumentation as well as multiple use and availability of H@ngn data across all ecosystem
compartments and disciplines.

(3) Emerging & extensive sitege thoséhaving beenrecently established {8 years of observation)

and currently being developed towards a higher category OR sites with a narrow, speciféerong
monitoring and scientific focus, and therefore not following the full ecosystem approach (e.g. for
reason®f limited considered spatial scale).

LTSER platforms typically consist of several LTER sites and additional partners. A minimum of five
partners including neacientific client groups and stakeholders (local decision makers, provincial
administration, egional developers) have to agree on a common sociological, economic and natural
scientific research agenda supporting transdisciplinarity and participatory approaches. Platforms
feature three functional layers: first, the physical infrastructure comgrisirsitu research sites,
technical infrastructure, laboratories, monitoring networks, collections, museums, visitor centres and
databases; second, a f@ctive involvement of the research community on the regional, national and
international level; and ifd, an integrative management serving as an interface between all above
elements that should implement effective trdisEiplinary communication and participatory
approaches.

Currently (6/2014), the LTERurope network consists of 24 national LTER neksocomprising
438 LTER and LTSER sitesncluding a suite of longerm observations of many different
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environmental variablessuch asgenetic data, species occurrence data, climate, habitat condition,
ecological function and services, as well as secianomic data.

With this sitebased approach, LTER data typically shows a high heterogeneity across Europe.
Methods are not fully harmonised and sampling is not executed according to a preconceived strategic
plan. Data currently mostly remains with the indival sites and platforms, but as an important step

to exchange information and data, a new web based tool to collect and manage metadata not only for
sites, but also for persons and dataset was developed: the LTER Europe DRUPAL Ecological
Information Systs (DEIMS; http://data.ltereurope.net/deims/DEIMS provides a view on metadata

within the LTER network for the whole community and partly holds actual datasets or provides links
to data repository systenof the individual sites.

4.13.2 Coverage of the dataset

The distribution of LT(S)ER sites covers the entire area of EuropegBigHowever, sites are most
densely represented in central Europe and the United Kingdom. Freshwater (lakes and rivers), forests
(mixed, deciduous and evergreen) and alpine areas are the most well representsdirbitirae
LT(S)ER network (Fig. 8). Looking from a biogeographic region perspective, continental, Atlantic,
Mediterranean, and alpine regions are the begmtesented regins (Fig. 3), while nemoral, boreal
andnorthern alpine regions, compared to their spatial extent, are underrepresented in the network.

Environmental zones

I AL - Apine North

I 50R - Boreal

[ NEM - Nemoral

B AT - Atlantic North

[ ALs - Alpine South
P [ con - Continental
¥ e [T] ATC - Atlantic Central
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[ MON - Mediterranean North
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/
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Fig. 52: Map showing location of Lonrderm Ecosystem Research (LTER, small points) and {Ja@rgn Socie
ecological Reearch (LTSER, large points) sites across Europe.
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Fig. 53: Number of LT(S)ER sites represented per biome.
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Fig. 54: Number of LT(S)ER sites represented per biogeographic region.

In terms of the different domains, terrestrial environments make umdjaity of LT(S)ER sites
(Fig. 56.
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Fig. 55: Relative representation of the three domains, freshwater, marine and terrestrial in the LT(S)ER
network.

The United Kingdom and lItaly have the largest number of LT(S)ER sites compared to the rest of
Europe In the Netherlands and Belgium, national LTER networks have been started only recently and
thus consist of fewest sites (Fig)5
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Fig. 56: Number of LTER or LTSER sites present in each country of Europe.

In terms of the length of time that these shase been operatinghe range is expansive (Figr)5

There are a significant number of sites that have been operating over a long period. In fact, 48 sites
have been operating for 50 or more years anfib@ver 100 years (Bi 57). Of these older siteshe

mean number of parameters assessed was 9.8 £ 0.9 (S.E.) and the number of research topics 20.9 +
2.1. The oldest of these are the Czech glacial lakes (143 years), the Dutch Wadden Sea Area LTSER
(142 years), and the Sonnblick Observatory in Austri28 (years).
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Fig. 57: Frequency plot of LT(S)ER site age ranked in order of oldest to youngest. Site age is represented by the
number of years pr2014 in which a site was initiated.

A large range of research topwsbjectsare carried out at these (I)ER sites (Fig58). The most
common of which are vascular plants, climate change, species composition, habitat and ecosystem
structure, pollution effects, biogeochemical cycles, and hydrology $8ijgResearch topic density at

sites, which might be garded as an indicator for site complexity, is relatively well distributed across
Europe (Fig59).

In terms of the parameters measured, similar patterns are observed to the research tdfic (Fig.
Biodiversity of plants is the most commonly measuredameter across all sites, followed by
meteorology and climate, habitat and ecosystem structure, and hydrologgQ)Fi§ome evidence

suggests that density of parameters measured tends to be higher in general in the central European
sites, but the ptgm is highly variable (Fig. B.

Reassessing these trermdely for sites that have been operating for 50 yeamsiare highlighted a

similar pattern, with ecosystem structure, climate change, hydrology and vascular plants among the
most common (Fig62). Likewise, sites 50 years or older tend to assess similar parameters to the
younger sites in general, although phenology became relatively more commonly méaghees

older datasets (Fig.3p. Furthermore, there does not appear to be any trendns tefr the sizeof
plots across Europe (Figdp
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Fig. 59: Map showing the spatial coverage of the number of project objectives / research topics included at each
LT(S)ER site. Darker color represents more project objectives (rangé¥ 0
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Fig. 60: Frequency of LT(S)ER sites including each of the various measured parameters.
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F]

Fig. 61: Map showing the spatial coverage of the number of parameters measureld laT €2)ER site. Darker
color represents more parameters measured (rangi8¥ 0
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Fig. 62: Frequency of LT(S)ER sites

operating for at least 50 years.
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Meteorology and Climate =
Biodiversity of plants =

Phenology =

Ecosystem and habitat structure =
Hydrology =

Biodiversity =

Soil properties =

Ecosystem services =

Biodiversity of animals =

Surface water properties =
Hydrological model and balance =
Ecosystem management =

(Key) primary producers inventories =
Land cover terrestrial =

Land use =

Deposition =

Biomass aquatic =

Sediments properties =

Land cover remote sensing =

Key fluxes of energy and matter within the system =

Parameters

Carbon sequestration model and balance =
Biomass terrestrial =

Biodiversity of microbes =

Total nitrogen input =

Air chemistry =

Biomass =

Biodiversity overall =

(Key) primary producers =

Terrain model =

(Key) primary producers chemistry =
Soil array measurements =

Ground water properties =
Biodiversity, genetic =

Land cover =

Gas household =

Demography =

Economic indicators =
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Fig. 63: Frequency of [(S)ER sites including each of the various measured parameters for sites that have been
operating for at least 50 years.
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Fig. 64: Map of LT(S)ER size in hectares. Darker color represents larger sites (rardf@ 600,000 ha)
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4.13.3 Outline of gaps and biases (e.g. spatial, taxonomic, temporal) and data
quality

1 As previously stated, this network consists heavily of terrestrial sites. In its current
form, marine environments are the most ur@g@resented domain.

1 Arctic, submediterranean, steppic, Bla8ea and Atlantic/Mediterranean each make
up less than 2% of sites, but this also representsgatalcoverage of these areas
across Europe.

1 Freshwater (lakes and riversind mixed, evergreen and deciduous forest, as well as
alpine environments make @ large proportion of the sites.

1 Chapparal, desert and desstctub, rainforest, savanna, tundra and urban make up a
small proportion of the sites. Again this is to be expected for all but urban. Urban
areas represent a clear gap in the LTER networktrargdshould be a focal area in the

future.
Focusing on specific groups, we canh see, for ex
plantso is weld/l represented across Europe being

spatial coverag (Fig. 69. This is also represented when looking at the research topic of interest
fivascul ar minduddad at@49 sitwh(FigsB i

Fig.65:Map il lustrating spatial coverage of iodive(sigypfER si t e
pl antso. 290 sites in total include this parameter. (
not measured.
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