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Global biodiversity change

Alien invasive species, habitat destruction and fragmentation,
overexploitation, climate change...

doi:10.1038/nature14910
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Increasing demand for biodiversity data

National and international policy goals

National Biodiversity
Action Plan

AICHI BIODIVERSITY TARGETS

' (4 =\
) o Convention on
: Biological Diversity

Target 9
By 2020, invasive alien species and pathways are identified and prioritized,

priority species are controlled or eradicated, and measures are in place to
manage pathways to prevent their introduction and establishment.

Target 12
By 2020 the extinction of known threatened species has been prevented and

their conservation status, particularly of those most in decline, has been
improved and sustained.




Increasing demand for biodiversity data

National and international policy goals
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Increasing demand for biodiversity data

National and international policy goals

_Intergovernmental Platform on
Biodiversity & Ecosystem Services

The assessment report on
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Towards global earth observation
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Group on Earth Observations (GEQO) = international and intergovernmental partnership
e 88 national governments and the European Commission
* 67 participating organisations (including about a dozen UN bodies)
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Group on Earth Observations

Biodiversity Observation Network
Climate
http://geobon.org/
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Vision
A global biodiversity
observation network that
contributes to effective
management policies for
the world’s biodiversity
and ecosystem services

Group on Earth Observations (GEQO) = international and intergovernmental partnership
e 88 national governments and the European Commission
* 67 participating organisations (including about a dozen UN bodies)
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Towards global earth observation

Mission of GEO BON
Improve the acquisition, coordination and delivery of biodiversity observations to decision
makers and the scientific community
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Mission of GEO BON
Improve the acquisition, coordination and delivery of biodiversity observations to decision
makers and the scientific community

Essential Biodiversity Variables (EBVs)
Ecosystem —> Key variables that are needed to detect

Community
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Function biodiversity change
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Essential Biodiversity Variables (EBVs)

The EBV concept

ECOLOGY

Essential Biodiversity Variables
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educing the rate of biodiversity loss
R and averting dangerous biodiver-

sity change are international goals,
reasserted by the Aichi Targets for 2020 by
Parties to the United Nations (UN) Conven-
tion on Biological Diversity (CBD) after fail-
ure to meet the 2010 target (/, 2). However,
there is no global, harmonized observation
system for delivering regular, timely data on
biodiversity change (3). With the first plenary
meeting of the Intergovenmental Science-
Policy Platform on Biodiversity and Ecosys-
tem Services (IPBES) soon under way, part-
ners from the Group on Earth Observations
Biodiversity Observation Network (GEO
BON) (4) are developing—and seeking con-
sensus around—Essential Biodiversity Vari-
ables (EBVs) that could form the basis of
monitoring programs worldwide.

Change (UNFCCC)(8). EBVs, whose devel-
opment by GEO BON has been endarsed by
the CBD (Decision X1/3), are relevant to deri-
vation of biodiversity indicators for the Aichi
Targets (9). Although CBD biodiversity indi-
cators are designed to convey messages to
policy-makers from existing biodiversity data
(1), EBVs aim to help observation communi-
ties harmonize monitoring, by identifying how
variables should be sampled and measured.
Given the complexity of biodiversity
change (3), the challenge of developing a
global observation system can appear insur-
mountable. Nearly 100 indicators have been
proposed for the 2020 CBD targets (ongoing
work seeks to identify a more limited subset)
(9). Two-thirds of reports recently submitted
by Parties to the CBD lacked evidence-based
information on biodiversity change (/0).

POLICYFORUM

A global system of harmonized observations is
needed to inform scientists and policy-makers.

potentially fit this definition. We developed
and tested a process, still ongoing, to identify
the most essential (/7). Dozens of biodiver-
sity variables were screened to identify those
that fulfill criteria on scalability, temporal sen-
sitivity, feasibility, and relevance. These vari-
ables were scored for importance, checked for
redundancy, and organized into six classes on
the basis of commonalities, general enough
for use across taxa and terrestrial, freshwater,
and marine realms (see the table).

Often, it is not possible to generalize
observations from point locations to the
regional scale. Variables selected as EBVs
harness remote sensing (RS) to measure con-
tinuously across space (e.g., habitat struc-
ture), or local sampling schemes that can
be integrated to enable large-scale general-
izations. For instance, citizen scientists con-

EBVs are

a minimal set of biological
variables, complementary to one
another, that can be obtained for

large parts of the Earth with the
aim to study, report and manage
biodiversity change at national
to global scales

Pereira et al. 2013 Science



Essential Biodiversity Variables (EBVs)

Scenarios for biodiversity
& ecosystem services (e.g. for IPBES)

High-level indicators of biodiversity
& ecosystem services (e.g. for CBD)

I I

Ancillary attributes Ecosystem-service
(slow changing) valuation & other data

Observations of policy
& management
responses

Observations
of drivers &

pressures

Essential Biodiversity
Variables

Community composition

Genetic composition

6 EBV classes
with 22

candidate
EBVs

Species populations /\ Ecosystem structure

Ecosystem function

Species traits

Primary observations of
change in state of biodiversity

In-situ Remote
monitoring  sensing

Pereira et al. 2013 Science



EBV class

Species
populations

Essential Biodiversity Variables (EBVs)

EBV examples

Population
abundance

Three examples of EBVs

Measurement and scalability

Population counts for groups of
species easy to monitor and/or
important for ecosystem services,
over an extensive network of sites
with geographic
representativeness.

Temporal
sensitivity

1year

Feasibility

Population counts underway
for a number of species. Most
of these extensive networks
are geographically restricted.
Much of the data are
currently being collected by
citizen science networks.

Relevance for CBD 2020 targets and
indicators

Targets: 4,5, 6, 7,8,9,10, 11, 12, 14,
15.

Indicators: Population and extinction
risk trends of target species, species
that provide ecosystem services;
trends in invasive alien species; trends
in climatic impacts on populations.

Pereira et al. 2013 Science



Essential Biodiversity Variables (EBVs)

Three examples of EBVs

EBV class EBV examples Measurement and scalability Temporal Feasibility Relevance for CBD 2020 targets and
sensitivity indicators

Species Population Population counts for groups of 1year Population counts underway Targets: 4,5,6,7,8,9, 10, 11, 12, 14,
populations abundance species easy to monitor and/or for a number of species. Most  15.
important for ecosystem services, of these extensive networks Indicators: Population and extinction
over an extensive network of sites are geographically restricted. risk trends of target species, species
with geographic Much of the data are that provide ecosystem services;
representativeness. currently being collected by trends in invasive alien species; trends
citizen science networks. in climatic impacts on populations.
Species traits  Phenology Timing of periodic biological events 1 year Several ongoing initiatives Targets: 10, 15.
for selected taxa/phenomena at (Phenological Eyes Network, Indicators: Phenology changes in
defined locations. Examples: timing PhenoCam etc.). relation to climate change

of leaf coloration and flowering.

Pereira et al. 2013 Science



EBV class

Species
populations

Species traits

Community
composition

Essential Biodiversity Variables (EBVs)

EBV examples

Population
abundance

Phenology

Species
interactions

Three examples of EBVs

Measurement and scalability

Population counts for groups of
species easy to monitor and/or
important for ecosystem services,
over an extensive network of sites
with geographic
representativeness.

Timing of periodic biological events
for selected taxa/phenomena at
defined locations. Examples: timing
of leaf coloration and flowering.

Studies of important interactions
or interaction networks in selected
communities (e.g. plant-pollinator
or plant-frugivore).

Temporal
sensitivity

1year

1vyear

5-25 years

Feasibility

Population counts underway
for a number of species. Most
of these extensive networks
are geographically restricted.
Much of the data are
currently being collected by
citizen science networks.

Several ongoing initiatives
(Phenological Eyes Network,
PhenoCam etc.).

Some studies have monitored
the structure of species
interaction networks

Relevance for CBD 2020 targets and
indicators

Targets: 4,5,6,7,8,9,10, 11, 12, 14,
15.

Indicators: Population and extinction
risk trends of target species, species
that provide ecosystem services;
trends in invasive alien species; trends
in climatic impacts on populations.

Targets: 10, 15.
Indicators: Phenology changes in
relation to climate change

Targets: 7, 9, 14, 15.

Indicators: Trends in species
interactions affecting ecosystem
functioning and services.

Pereira et al. 2013 Science



Essential Biodiversity Variables (EBVs)

Workflows and EBV data products

Datasets with measurements and Harmonized datasets (common format, Data inter- or extrapolated, \
observation protocols in right format standardized units, quality-checked) or statistically analyzed
C%%) EBV-useable EBV-ready Derived & modelled
datasets datasets EBV data

G I— @ B | S B 1. Identify and import raw data Bl 4. Combine and join datasets

and associated metadata

MY 7. Check data coverage and fit

from different sources for purpose, create input files

EUROPEAN
COMMISSION

8. Identify analysis tool (and
covariates if needed)

2. Check data sharing agree-

ments and licenses 5. Match taxonomy

6. Check data quality and clean
data (errors, outliers, dupli-
cates etc.)

3. Check data completeness and
consistency (e.g. dates, units,
spatial information etc.)

9. Apply statistical analysis

10. Calculate uncertainty

11, Visualize results

www.globis-b.eu
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K: Publish data and metadata ' 1 Publish data and metadata : . Publish data and metadata y
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Kissling et al. 2018 Biological Reviews
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Essential Biodiversity Variables (EBVs)

Workflows and EBV data products

f Raw data EBVs Indicators \
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EBYV data

Raw observations from Data sets with Harmonized data sets Data inter- or Changes in biodiversity
surveys, sensors, satellite measurements and (common format, extrapolated, or (e.q. aggregated trends in
remote sensing, DNA, etc. observation protocols in standardized units, processed with statistical population abundances)
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Kissling et al. 2018 Biological Reviews



Essential Biodiversity Variables (EBVs)

Challenges for building EBVs

Raw data EBV data cube Indicators
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Knowledge gaps

Presence-only records of plants from GBIF
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Pereira et al. 2012 Ann. Rev. Env. Res.



Knowledge gaps

Presence-only records of plants from GBIF Species interaction records from GloBI
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Knowledge gaps

Presence-only records of plants from GBIF Species interaction records from GloBI

1831-2017
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Knowledge gaps

Presence-only records of plants from GBIF Species interaction records from GloBI

1831-2017
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Knowledge gaps

Long-term observations Citizen science

Population
abundance

Phenology

Species
interactions

Stay or get involved in monitoring plant populations, e.g. at
long-term observation sites, with sensor networks or through
citizen science projects




Essential Biodiversity Variables (EBVs)

Challenges for building EBVs

Raw data EBV data cube Indicators
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Discovery and accessibility of data
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Data discovery and accessibility

Share your data and make them findable



Data discovery and accessibility

Share your data and make them findable

Supplementary material Digital data repositories Platforms with data discovery

GBIF

Global Biodiversity
Information Facility
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Supplementary Material Table S1: Frugivore classification and species list
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Data discovery and accessibility

Make data open with unrestricted access

Open access
P B With licence B Without licence

Creative Commons o0 4§ 27388
(CC) licenses CC BY @ ® | C § 288
CC BY-SA |@ 0J©; | é g ;‘88
CC BY-NC () O g E igg I I I

CCBY-NC-SA ()OO 2 0 e o2 g g )

S O g = 2

CC BY-ND (c0) DG g g g g “é é

ccBY-NCND  (c)DOG) | = & E 2

Provide license information in human and machine-readable format

Kissling et al. 2018 Biological Reviews Modified from Groom et al. 2017 J. Appl. Ecol.



Essential Biodiversity Variables (EBVs)

Challenges for building EBVs

Raw data EBV data cube Indicators
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Data and metadata standardisation

Kissling et al. 2018 Biological Reviews



Data and metadata standardisation

Standardise measurements and terms

Standardized measurement protocols

CSIRO PUBLISHING

Thustralian Journal of Botany, 2013, 61, 167234
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New handbook for standardised measurement of plant
functional traits worldwide
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Standardise measurements and terms

Standardized measurement protocols
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Standardized terms and vocabularies

A Terminological Resource for Plant Functional Diversity

HOME | FACETED SEARCH | HIERARCHY SEARCH | INDEX SEARCH ‘ REFERENCES | API | ADMINISTRATION |

Browse the Hierarchy

reeview

[=- Plant characteristics

E;I Environmental association

[ Plant trait
2 Flower and dispersule trait
i Dispersule dry mass trait
Dispersule fresh mass trait
Dispersule length trait
Dispersule mass trait
Dispersule thickness trait
Dispersule width trait
Flower color

-

Flower heterostyly type

Flower pollination syndrome

Plant dichogamy type

Plant dicliny type

Plant dispersal syndrome

Plant flowering begin trait

Plant flowering duration trait

Plant flowering end trait

Plant flowering phases number trait

Example plant phenology

Flowering time

Onset of flowering Julian day

Time of peak flowering Julian day
Flowering duration Number of days
Flowering frequency Number per year

http://www.top-thesaurus.org/; Garnier et al. 2017 J. Ecol.
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Data and metadata standardisation

Map data to ontologies

Example plant phenology

Pan European A Phenology DB

https://www.plantphenology.org/; https://github.com/PlantPhenoOntology/ppo
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Data and metadata standardisation

Map data to ontologies

Example plant phenology

- A SNPN© PHENOCAM
an European Phenology DB National B P

henology Network

https://www.plantphenology.org/; https://github.com/PlantPhenoOntology/ppo
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Data and metadata standardisation

Map data to ontologies

Example plant phenology

Pan European Phenology DB Natuonal henﬂyl}w‘;rk PHENOCAM

Ontologies describe
relationships among
concepts and vocabulary
terms in a machine- and
human-readable format

Plant Phenology Ontology (PPO)

" Global Plant Phenology Data Portal

https://www.plantphenology.org/; https://github.com/PlantPhenoOntology/ppo
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Data and metadata standardisation

Apply data and metadata standards

Darwin Core (DwC) Ecological Metadata Language (EML)

Occurrence M Ret™ .
occurrencelD | | recordMumber | recordedBy | individ unt | organismQuantity | organismQuantityType | sex | lifeStage | reproductiveCondition | behavior | o
ans | occur | preparations | disposition | i iz | i ] ] iatedTaxa | otherCatalogNumbers | knb ABOUT DATA SHARE TOOLS Jumpto: |DOlorlD  Go SIGN IN
occurrenceRemarks
Organism
D | organi | erganismScope | associatedOceurrences | dOrganisms | previousldentifications | or nark:
MaterialSample | LivingSpecimen | PreservedSpecimen | FossilSpecimen
it IS lelD =
fetenERamEe Ecological Metadata Language (EML)

Event | HumanObservation | MachineObservation
MIM\M\&MIM\M\MIM\M\MIMIM\M\

san it | samplingEffort | fieldNotes | e
Location Ecological Metadata Language (EML) is a metadata spegcification developed by the ecology discipline and for the ecology discipline.
: ) . Itis based on prior work done by the Ecological Society of America and associated efforts (Michener et al., 1997, Ecological

locationID | higherGeographyID | aphy | continent | | | island | country | countryCode | stateProvince | county | municipality | locality | o P % ) i

i I i i lavati | verbatimElevation | minimumDepthinMeters | maximumDepthinMeters | verbatimDepth | Applications). EML is implemented as a series of XML document types that can by used in a modular and extensible manner to
minimurr facelnMeters | maximumbistanceAb Ik dingTo | locationRemarks | decimalLatitude | decimalLongitude | geodeticDaturn | . . ; i : ;
coordinateUncertaintylnMeters | coordinatePrecision | pointRadiusSpatialFit | verbatimCoordinates | verbatimLatitude | verbatimLongitude | verbatimCoordinateSystem | document ecological data. Each EML module is designed to describe one logical part of the total metadata that should be included
verbatimSRS | footprintWKT | footprintSRS | footprintSpatialfit | georeferencedBy | georeferencedDate | georeferencePratocol | georeferenceSources | georeferenceVerificationStatus with any ecological dataset.
| georeferenceRemarks

Darwin Core (http://rs.tdwg.org/dwc/terms/) EML (https://knb.ecoinformatics.org/#tools)
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Data and metadata standardisation

Apply data and metadata standards

Darwin Core (DwC) Ecological Metadata Language (EML)

Occurrence — 2 ;
occurrencelD | ¢ | recordNumber | recordedBy | indivi unt | oroanismQuantity | organismQuantityType | sex | lifeStage | reproductiveCondition | behavior | .

tMeans | occur | preparations | disposition | i ia | i ] ] iatedTaxa | I | knb TOOLS Jumpto: |DOloriD  Go SIGN IN
occurrenceRemarks

D | orgar | organismScope | associatedOceurrences | associatedOrganisms | previousIdentifications | or nark:
MaterialSample | LivingSpecimen | PreservedSpecimen | FossilSpecimen
materialSamplelD -
Ecological Metadata Language (EML)

Event | HumanObservation | MachineObservation
eventlD | parentEventID | fieldNumber | eventDate | eventTime | startDayOfYear | endDayOfYear | year | manth | day | verbatimEventDate | habitat | samplingProtocol |
san e | it | samplingEffort | fieldNotes | e ke
Location Ecological Metadata Language (EML) is a metadata spegcification developed by the ecology discipline and for the ecology discipline.

: : . ) . Itis based on prior work done by the Ecological Society of America and associated efforts (Michener et al., 1997, Ecological
locationlD | higherGeographyID | aphy | continent | waterBody | | island | country | countryCode | stateProvince | county | municipality | locality |
verbatimLocality | minimumElevationInMeters | maximumElevationInMeters | verbatimElevation | minimumDepthinMeters | maximumDepthInMeters | verbatimDepth | Applications). EML is implemented as a series of XML document types that can by used in a modular and extensible manner to
minimurr facelnMeters | maximumbistanceAb | locat dingTo | locationRemarks | decimalLatitude | decimalLongitude | geodeticDaturn | . ; ; i : ;
coordinateUncertaintylnMeters | coordinatePrecision | pointRadiusSpatialFit | verbatimCoordinates | verbatimLatitude | verbatimLongitude | verbatimCoordinateSystem | document ecological data. Each EML module is designed to describe one logical part of the total metadata that should be included
vert | footprintWKT | footprintSRS | footprintSpatialFit | georeferencedBy | \cedDate | georeferencePratocol | g ces | georeferenceVerificationStatus with any ecological dataset.
| georeferenceRemarks

Darwin Core (http://rs.tdwg.org/dwc/terms/) EML (https://knb.ecoinformatics.org/#tools)

Integrated Publishing Toolkit (IPT)
https://www.gbif.org/ipt

s |
4 GBIF Darwin Core Archive = lmzmt el li@;h ¢/>

GIobaIBi_odiver;if:g S Core : I e
Information Facility ccurrence meta.xm Xm

extension
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You can help building EBV data products

1. Collect repeated and standardised measurements of plant
populations through in-situ monitoring, citizen science or sensor

networks (e.g. on plant species distribution and abundance, species traits and species
interactions)

2. Make your data findable and openly accessible (e.g. through data

repositories and online portals and by providing CCO and CC BY licenses in machine-readable
format)

3. Standardise data (e.g. use standardised terms and controlled vocabularies, apply data and
metadata standards such as Darwin Core/EML, map data to ontologies etc.)

participate in working groups, BONs, task groups, interest groups)

4. Getinvolved in GEO BON and other global biodiversity activities (e.g.
globa
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Governance structure of GEO BON
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Remote

http://geobon.org/
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Take home messages
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Essential Biodiversity Variables (EBVs)

Between raw data and indicators
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Data discovery and accessibility

Overcome problems in sharing data

Figure 8: Problems in sharing datasets in different subject areas (n=7,719)
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Essential Biodiversity Variables (EBVs)

Characteristics of EBVs
Relevant to scientific and policy questions
Responsive in policy-relevant time-frames
Biological state variables
Equally applicable at local, regional and global scales (scalable)
Measurable with available technologies at reasonable costs
Stable enough to allow measuring them for decades to come

Located between primary data observations (‘raw data’) and synthetic or
derived indices (‘indicators’)

Walters et al. 2013 SBSTTA notes



