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Biodiversity Virtual e-Laboratory
An e-Infrastructure and e-Science environment supporting research 
on biodiversity



• Aims to foster cooperation in the community by:

– Discussing scientific use cases

– Identifying and deploying important Web Services

– Designing and offering workflows

– Training scientists

• Aims to create a “Service Network”

– Web services for interdisciplinary
analysis of biodiversity

• And “workflows” for science

Ecological niche modelling
Ecosystem modelling
Metagenomics
Phylogenetics
Population modelling
Taxonomy
Geospatial visualization

An international network of experts connecting 2 
scientific communities: biodiversity and ICT,

to create a general purpose Virtual e-Laboratory



Part of a workflow to study the 

ecological niche of the Horseshoe crab

(Limulus polyphemus)

Workflows, pipelines and other applications 
are built from “services”

• Run studies and experiments to process 
vast amounts of data, repeatedly
– Select and apply successive “services”

(data analysis and processing steps)

– Import data from own research and/or from 
existing public sources

– Choose input parameters

• Libraries allow re-use existing workflows
– Reduces research time and overheads

• Service nesting
– Services can themselves be made up of 

combinations of other services or of workflow 
fragments



Service sets driven by science and policy needs

• CO2 emissions continuously increasing
– 10 GtC in 2010; Sequestration is the sustainable 

process to mitigate the effects

• Over the past 50 years, humans have changed 
ecosystems
– resulting in a substantial and largely irreversible 

loss of biodiversity

• Invasions of alien species
– A leading cause of biodiversity loss and related 

economic damages. They degrade ecosystem 
services, generate human health problems and 
impact outdoor recreation.

“transportation with
ships is a high risk to 
spread the species
to these spots”

Stelzer et al 2013

Source: NOAA



Workflows for phylogenetics

• Protein coding sequence alignment (PCSA)
– http://www.myexperiment.org/workflows/2933.html

• Phylogenetic inference with mrBayes (BPI)
– SEM (select evolutionary model)+BPI

http://www.myexperiment.org/workflows/3404.html

– GUI (graphic user interface for model definition)+BPI

http://www.myexperiment.org/workflows/3409.html

– BPI

http://www.myexperiment.org/workflows/3406.html

• Fast Maximum Likelihood Phylogenetic Inference 
Workflow(FMLPI)
– SEM+FMLPI, FMLPI

• Biodiversity Profiling Workflow (BPW)
http://www.myexperiment.org/workflows/3570.html?version=2

http://www.myexperiment.org/workflows/3569.html?version=2

http://www.myexperiment.org/workflows/2933.html
http://www.myexperiment.org/workflows/3404.html
http://www.myexperiment.org/workflows/3409.html
http://www.myexperiment.org/workflows/3406.html
http://www.myexperiment.org/workflows/3570.html?version=2
http://www.myexperiment.org/workflows/3569.html?version=2
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OSD Workflows 1-6

OSD Sample

Ex-situ 
measurements 

Immediate
in-situ 
measurements

Sequencing for 
Identification 
(amplicons)

Sequencing for 
function (WGS)

5. Metagenomic
Traits  Analysis

2. Microbial Community Phylogenetics

4. My Microbial Community
6. Single Gene
Cluster Analysis

Environmental 
Data Matrices

Gene Function 
Matrices

Taxonomic 
Matrices

3. Microbial Assemblage Prediction

1. Environmental data WF



What is a Virtual e-Laboratory?

• Like a physical laboratory
– A place “inside computers” 

where you can analyse data 
and do digital experiments

– Like a physical lab, it’s 
equipped with everything you 
need

• Project investigates 
equipping the laboratory
– Workflows approach

– Service network approach

– Human aspects

In our e-laboratory
• Services for processing and analysis 

are the items of glassware
• Workflows are configurations of 

glassware to perform specific 
experiments

• Data is the reagents you pour in



Users need to be able to build and use 
workflows

Technical
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Science

PAL

Domain
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Concept KnowledgeWorkflow design, compute Domain science
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http://portal.biovel.eu/



Audience categories for workflows

A. Commissioned work
– e.g., from conservation managers, scientists acting in policy-making 

capacities and other decision-makers. Workflows packaged as support tool.

B. Scientists – individuals, targeted.
– “Average ecologist” has heard about workflows or is an R user, but not 

expert. Often excited and interested. But, they go back to their spreadsheets
or don’t their own data yet ready to analyse.

C. Workflow developers and modifiers
– Technical persons who build new workflows for scientists, etc. or modify 

existing workflows to adapt them to a new situation or to local needs.

D. Application Builders / Portal builders / e-Lab builders
– Technical persons who build workflow ‘instruments’ into other apps and 

portals



Science PAL Tech PAL
Documentation

4

Tutorial3

Dissemination2

(talks, posters)

Showcase1 Scientific ms5

Training6

External review
and benchmarking

WF 
publication7

consolidation scientific usedevelopment

Use case

Conferences

Workflows need a lifecycle

Source: Matthias Obst, University of Gothenburg



Why shouldn’t we just do it all in R?



A grouping of Web services having related 
functionality is called a ‘Service Set’
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Service sets driven by science and policy needs

• CO2 emissions continuously increasing
– 10 GtC in 2010; Sequestration is the sustainable 

process to mitigate the effects

• Over the past 50 years, humans have changed 
ecosystems
– resulting in a substantial and largely irreversible 

loss of biodiversity

• Invasions of alien species
– A leading cause of biodiversity loss and related 

economic damages. They degrade ecosystem 
services, generate human health problems and 
impact outdoor recreation.

“transportation with
ships is a high risk to 
spread the species
to these spots”

Stelzer et al 2013

Source: NOAA

Modelling
ecosystem services

Modelling
CO2 sequestration

Calculating 
measures of genetic diversity

Assessing adaptation
to changing conditions

Supporting processes
of conservation

Assisting invasive
species management



An international network connecting 2 
communities: biodiversity and ICT

Discipline

Scientists

Scientific PAL

Technical PAL

Scientific and Technical Service Providers
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Application
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• Connecting biology and IT communities
– Distinct languages, different understandings

– Service Network approach connects them

• Supporting use cases we know today ...
– … and use cases in the future that we cannot 

yet imagine

• Different Service Providers are good 
(competent) at different things

• Deals with multiple jurisdictions and 
supports a business model
– Leading to sustainability

What’s the real problem?
How can we establish a landscape in which services 

are both discoverable and interoperable?

Scientists’ perspectives
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Biodiversity studies & experiments

Services for biodiversity science

compose to support 
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combine to deliver
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What is a Service Network?

• A set of Web service (WS) instances that interact 
together to perform an application objective
– In our case: multiple objectives, varying over time and 

from one user to another

• Usage and hence composition needs to be dynamic

• In a Service Network:
– Instances may join and leave

– Instances are discoverable

– Managed to a greater or lesser extent

WS1 WS2
WS4

WS5

WS3



Geographically distributed services MUST be secure, 
scalable, reliable, and well-documented

Users’ workflows and 
applications

Sustained Service and 
Data Providers
GBIF, CoL, ITIS, OBIS, WoRMS,
EBI,  BGBM, CRIA, EoL, BHL, 
ALA, etc. + many many more

Recognised and stable 
Infrastructure Providers
National, EGI.eu, PRACE, 
commercial, EUDAT, etc.



Services SHOULD be implemented according to 
recognised ‘best practices’

• Best practices for improving ease of use and scalability
– “The perfect API” : What would be its characteristics?
– Wider adoption of standard data and parameter formats to 

promote interoperability

• Classes of “shims”
– Utility, Format handling, Data from sources

• Founded on standard infrastructure
– Use of standard approaches 

• to e.g., authentication, authorization

– For data storage and staging
– For persistent identifiers
– For metadata generation
– Etc.



Services MUST be discoverable

www.biodiversitycatalogue.org
A fully curated, well-founded catalogue of

Web services for biodiversity science

http://www.biodiversitycatalogue.org/
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BioVeL is funded by the 

European Commission 

7th Framework Programme (FP7).

It is part of its e-Infrastructures activity.

BioVeL contributes to LifeWatch and GEO BON.

BioVeL products are free to access.

www.biovel.eu

Under FP7, the e-Infrastructures activity is part of the Research Infrastructures programme, 

funded under the FP7 'Capacities' Specific Programme. It focuses on the further development

and evolution of the high-capacity and high-performance communication network (GÉANT), 

distributed computing infrastructures (grids and clouds), supercomputer infrastructures, 

simulation software, scientific data infrastructures, e-Science services as well as on the adoption 

of e-Infrastructures by user communities.


