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The complexity of biodiversity 

change 
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Monitoring initiatives rarely 

cover all major dimensions 

of biodiversity change 



The state of national biodiversity 

monitoring 
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Gaps on biodiversity monitoring 
Living Planet Index Populations 
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The need for Essential Biodiversity 

Variables 
• What are the most important variables to monitor to 

understand global biodiversity change? 
– Biodiversity observation systems would be structured around 

these variables: protocols, sampling schemes, etc. 

– Biodiversity information systems would also be structured 
around these variables 

• Users of the EBV’s: 
– Scientists will use the data for the study of global biodiversity 

change 

– Conservation professionals would assess effectiveness of 
management strategies 

– NGO’s would develop communication tools (e.g. indicators) 

– Policy-makers would be able to assess both national targets 
and global targets 

 



The questions EBVs must help 

answer 



The questions EBVs must help 

answer 

1. How is biodiversity change?  

2. Why is biodiversity changing? 

3. What are the consequences for human well-being?  

4. Are responses being taken effective? 

5. What is the future risk of harmful biodiversity change? 

 

 



Essential biodiversity variables 

• Characteristics of EBV’s 

– Ability to detect change (temporal sensitivity) 

– Scalability 

– Feasibility 

– Relevance 

– Biological 

– Emphasis on State  

• Cover the different dimensions of 
biodiversity 
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Essential Biodiversity Variables 



EBV Classes 
EBV Class EBVs (examples)  How to measure Current efforts 

Genetic 

composition 

Allelic diversity 

for selected species 

Genetic samples of selected species (e.g. 

endangered species and domesticated species) at 

multiple locations (statistically representative of 
the species distribution), at generation time 

intervals. 

Data available for many species and for several locations, but no 

global systematic sampling for any taxa. 

Breed and variety 
diversity 

 

Number of animals of each livestock breed and 
proportion of farmed area under each local crop 

variety, at multiple locations at 5-10 year 

intervals. 

Large datasets have been compiled by national organizations and 
FAO for livestock breeds, but there is insufficient systematic 

sampling for coverage of local crop varieties. 

Species 

populations 

and ranges 

Abundances for a 

representative set 

of species  

Population counts for groups of species easy to 

monitor and/or important for ecosystem services, 

over an extensive network of sites with 
geographic representativeness, at 1-5 year 

intervals.  

Population counts underway for a significant number of species 

in each of the following groups: birds, butterflies, mammals, 

plankton, important fisheries, coral reef fishes. Most of these 
extensive networks are geographically restricted. Much of the 

data are currently being collected by citizen science networks. 

Distributions for a 
representative set 

of species 

Presence surveys for groups of species easy to 
monitor, over an extensive network of sites with 

geographic representativeness, at 1-25 year 

intervals. Potential role for incidental data from 
any spatial location.  

Presence surveys are available for a larger number of species 
than population counts and can make use of existing distribution 

atlas. Some global efforts for data compilation and integration 

exist (GBIF, IUCN, Map of Life). There is an increasing trend 
for data contributed by citizen scientists (Observado, iNaturalist).  

Species traits Phenology of 
selected functional 

groups 

Examples include timing of leafburst or leaf 
coloration measured with satellite remote sensing 

over large regions, and at in situ validation sites, 

at 1 year intervals. 

Several on-going initiatives from global to national scales 
(Phenological Eyes Network, Phenocam, ClimateWatch etc.), 

some resorting to citizen science contributions. 

Body mass for 

selected species 

For example, body mass (mean and variance) of 

species under harvest pressure, at exploitation 

sites, at 1-5 year intervals. 

Data available for many important marine fisheries, but little data 

available for bushmeat and other exploited species groups. 

 



EBV Class   EBVs (examples)  How to measure Current efforts 

Community 

composition and 

interactions 

Overall taxonomic 

diversity for selected 

locations 

Multi-taxa surveys (including by morphospecies) 

and metagenomics at selected in situ locations at 

consistent sampling scales over time, every 5-10 
years. Hyper-spectral remote sensing over large 

ecosystems at 1-year intervals. 

Many intensive long-term research sites have excellent but 

uncoordinated data, and there are abundant baseline data for 

many locations in the terrestrial, marine and freshwater 
realms. Metagenomics and the possibilities of remote sensing 

are emerging fields.  

Species interactions Studies of important interactions or interaction 
networks in selected communities, such as plant-

bird seed dispersal systems, at 5-25 year 

intervals.  

Some studies have monitored the structure of species 
interaction networks such as mutualistic networks (pollination 

and seed dispersal), soil food webs, host-parasite and 

herbivore-plant interactions. There is a lack of global or 
regional representativeness of these studies.  

Ecosystem 

extent and 
structure 

Ecosystem extent 

and fragmentation 
for a range of 

ecosystems 

Local (aerial photo and in-situ monitoring) to 

global mapping (satellite observations) of 
natural/semi-natural forests, wetlands, free 

running rivers, coral reef live cover, etc., at 5-10 

year intervals. 

Global maps of forests, assessment of fragmentation for major 

river basins, and local to regional maps of coral reefs already 
exist, but comparable observations over time are limited and 

distinction between natural and modified ecosystems (e.g. 

natural forests versus plantations) is often not made. 

Ecosystem structure Remote sensing measurements of cover (or 

biomass) by height (or depth) classes over space, 

and of spatial aggregation, at 1-5 year intervals.  

LIDAR regional and global products are becoming available, 

a fast developing field of observation technology useful for 

ecosystem structure monitoring. 

Ecosystem 

function and 
processes 

Net primary 

productivity 

Global mapping with modeling from remote 

sensing observations (FAPAR, ocean greenness) 
and selected in-situ locations (eddy covariance), 

at 1-year intervals. 

A network of regional networks of in-situ measurements 

exists (FLUXNET), and some global maps based on models 
and remote sensing are available. GCOS is also addressing 

this EBV. 

Nutrient retention Ratio of nutrient output from the system to 
nutrient input, measured at selected in situ 

locations at 1-year intervals. Can be combined 

with models and remote sensing to extrapolate 
regionally. 

Some intensive monitoring sites have nitrogen saturation 
monitoring is some acid-deposition areas; phosphorus 

retention monitoring in some impacted rivers and estuaries. 

 

EBV Classes 



EBVs and Ecosystem Services 

Functional groups 

Species populations 

Ecosystem extent 

Ecosystem function 

Beneficial species trends 
(hardwood spp, medicinal spp,  

fish stocks, endangered spp) 

Provisioning 

Regulating 

Supporting 

Cultural 

Beneficial ecosystem extent 
(Forests, estuary nurseries, 

wetlands, mangroves, coral reefs) 

Beneficial functional traits 
(raptors  biocontrol, pollinators) 

Beneficial functions 
(photosynthesis, respiration,  

carbon sequestration, erosion control) 

Genetic composition 
Beneficial genes 

(breed diversity, crop diversity) 

EBV category EBV useful to measuring ecosystem services ES 
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Developing the EBV’s 

• An on-going process 

– First steps at GEO BON adequacy report (2011) 

– Frascatti workshop dedicated to identifying EBV’s 
with 35 experts (2012) 

– Paper with the EBV concept in review 

– Report 

• An open process 

– Feedback is welcome and will be formally 
requested over the next few months, from 
scientists and other users 
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