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Abstract—: Although biodiversity has been extensively 
studied over the last centuries, recent evidences suggest that 
links between collected data are still be missing. In order to 
fill this knowledge gap and at the initiative of the CNRS 
Institute of Ecology and Environment (INEE), IndexMed 
<www.indexmed.eu>, a unique and multidisciplinary 
consortium consisting of ecologists, sociologists, economists, 
mathematicians, IT specialists and astronomers was created. 
Through exploratory projects, IndexMed develops new 
methods for analyzing data on Mediterranean biodiversity 
and implements solutions based on interoperability 
technologies already deployed in other disciplines. In 
particular, IndexMed aims to build a prototype of such data 
graphs and "data cubes". This paper will first explore the 
ability of tools and methods by means of graphs to connect 
biodiversity objects with non-centralized data. It will then 
introduce the use of algorithms and graphs to analyze 
environmental and societal responses and presents a 
prototype under development. 

Indexing data, data qualification, data traceability, 
decentralized information systems, data-mining, ecology 

I.  INTRODUCTION 
Although considered by most scientific disciplines and 

industries producing and using information as the most 
promising opportunity for progress and discoveries, the 
use of Big Data in Ecology is still lagging behind [34]. 
Information systems linking objects with qualifications 
(links) are omnipresent, the first object being the 
consumer. All these links can be used for data mining 
process. Data mining is the computational process 
allowing discovering patterns in large data sets («big 
data») and involves methods at the crossroads of artificial 
intelligence, machine learning, statistics, and databasing 

systems. (<www.kdd.org/>). Nowadays, many businesses 
have understood its huge analytical potential (insurance to 
manage risk, games companies to find cheaters, banks for 
investments, traders to increase their margins, advertisers 
and networks to increase their social/commercial impacts, 
etc.) Today, the environmental emergency requires a 
response through a shared system connected to local and 
global issues and beyond scientific questions such as: “Is 
this degradation related to this particular pressure?" instead 
addressing the following question: "How can we 
improve/preserve the ecological condition of an 
environment in the most efficient way?”. Such queries help 
identify the limits not to be exceeded, for a set of 
conditions which may have opposite or complementary 
effects. 

Data in ecology are extremely heterogeneous (Fig. 1). 
To get access to the different type of data and data formats, 
the system must be distributed, i.e. data remain where they 
were produced, although normalized flows are deployed 
and can be accessed by all members of the network, both 
at local and international levels and with an index to list 
and describe each record based on shared typologies. 
There are already some initiatives using Semantic Web 
technologies for retrieving Biodiversity data [1], Improve 
knowledge and developing methods for linking of 
biodiversity and environmental data, but they often 
concern only an "inventory" aspect  of biodiversity 
(collection, observations, repositories and distribution) and 
far less functional aspects (Catalog of life, Data-ONE 
[Data Observation Network for Earth], EMODnet 
[European Marine Observation and Data Network], GEO 
and EU-BON [Group On Earth Observations Biodiversity 
Observation Network] and [European Biodiversity 
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Observation Network], GBIF [Global Biodiversity 
Information Facilities], LifeWatch, OBIS [Ocean 
Biogeographic Information System], TDWG [Biodiversity 
Information Standards] - with Darwin Core and ABCD - 
are well-known examples of efforts for interoperability and 
standardizing data collection regarding biodiversity). 

The newly created IndexMed consortium has set a goal 
to build such a distributed system, with the help of 
institutes from different disciplines, in order to overcome 
skills lacking among ecologists. 

IndexMed was created by the axis “Management of 
biodiversity and natural spaces” of the IMBE 
(Mediterranean Institute of Biodiversity and marine and 
terrestrial Ecology) with the aim to develop the knowledge 
of databases and their effective use in the ecological 
research community. 

 

Figure 1. First summary of drawn conclusions in the MASTODONS 
(very large scientific datasets) meeting. Big Data in ecology are 
compared to astrophysics and particle physics data and demonstrate that 
diversity is the most important aspect to consider when dealing with 
such data. 
 
In particular, this consortium responds to project calls and 
uses databases and address ecological issues in the 
Mediterranean Basin, therefore promoting multidisci-
plinary and collaboration across CNRS [National Centre 
for Scientific Research] institutes, other research entities 
and universities. The projects developed by members of 
the IndexMed consortium must be based on various 
national and international initiatives and promote 
international collaborations, therefore connecting existing 
networks to initiatives at national and international levels. 

IndexMed’s short-term goal is to establish a platform 
indexing Mediterranean biodiversity data and environ-
mental parameters which are of interest for many 
researchers. This index will employ the tools and methods 
recommended at both national (SINP [National 
Information System on Biodiversity], RBDD [Network of 
Research Databases]) and international levels (MedOBIS 
[Mediterranean Ocean Biogeographic Information 
System], OBIS, GBIF, Life-Watch, GEO-BON, etc.) along 
with other research entities (i.e. IRD [Institute of Research 
for the Development] or MNHN [National Museum of 
Natural History]). 

The architecture of the proposed prototype of 
information systems for projects being developed is 
decentralized, and is a first step towards indexing, 

classifying, mapping and interfacing data from coastal and 
marine Mediterranean environments, essential in ecology 
research and natural spaces management tools.  

Building on the efficiency of this prototype, the project 
will develop an “object resolution service” (i.e. a web 
service that finds links and dependencies among indexed 
objects, based on unique objects identification). This 
object resolution service should allow an inventory of 
biodiversity descriptors, estimate the capacity of data to 
describe socio-ecological systems at temporal and 
geographic scales, and must permit links between 
economic and social approaches. It is based on large 
panels of participants, data and skills being developed. The 
project should also develop new trans-disciplinary 
methods of data analysis, focusing on open data, open 
source and free methods and development tools. 

II. METHOD 

A. Decentralized information systems 
Integrating databases into one large centralized 

database has been attempted by many programs, but 
always failed. Then, we must ensure our ecological, 
economics and social sciences data are interoperable, 
connectable and comparable, and to manage to analyze 
them without placing one above the other. 

The principle of information systems (IS) 
decentralization is unavoidable once one looks at the real-
time data analysis produced by different actors in various 
fields. Whether it is used for biodiversity studies or for the 
knowledge of socio-ecological systems, the production of 
data is expensive and rarely automated. The long time 
series and/or large spatial extent studies are difficult to 
conduct, and when dealing to “interpretive data” the use of 
too many observers affect the reliability of the observation. 

Reproducibility today is frequently questioned or even 
refuted. In the context of multi-source data production, it is 
essential to help each producer as well as external users to 
install and maintain a suited IS for their needs 
(maintenance, development of software, developments on 
the data scheme, scope and standards of data). This 
decentralization requires working on data models, their 
evolution, but must remain consistent with the data 
collection protocols and their evolution. 

A "modular" organization (for administering a type of 
object or data independently by the most competent actor) 
is preferred to centralized systems: in this interdisciplinary 
framework, based on systems observing at large scale, 
each participant cannot consolidate data from all 
disciplines. The data serve as a model and concern marine 
habitat and common terrestrial habitat for all disciplines. 
This type of methodology may be declined on many 
environmental models, including but not limited to 
terrestrial and marine habitats, organisms, communities 
and species assemblages. 

Standardization makes possible such a work, as well as 
a special task on interoperability qualities and accessibility 
of non-centralized data. It use aggregation for public 
display, multi-interface, multi-use and multi-format, and 
must permit (i) the connection between many databases, 
and (ii) the preparation of inter-calibration works. 



B. Indexing data 
Indexing is an alternative to centralization, which 

allows global approaches in ecology. Global ecology 
considers ecological systems and their complexity in terms 
of composition, structure and interactions. It identifies the 
parameters able to lay the foundations for sustainable 
management of resources and services they provide, to 
better understand and anticipate the risks and their 
consequences, and to participate in the improvement of the 
quality of life of societies. 

The IS data is the keystone of the linkage of different 
databases formats. It provides unique identifiers for data 
objects which can return metadata about themselves and 
which can be brought together into a distributed 
collaborative information system as recommended by 
GBIF [6]. It identifies each record, recordings of each state 
(version), and solving for each of these states all the data 
that have been used and their condition, in order to reach a 
new transformed state. It allows describing all the previous 
states, thus ensuring provenance, traceability and 
intellectual property of this data if it exists, to identify the 
adjectives that this new data can or cannot inherit, and thus 
it complements criteria that may serve as an additional 
descriptor for data mining. The resolution of these indexed 
web service relies on the unique identifiers of databases, 
creates some where none already exist, and also creates 
relationships between them where there is more than one. 

This Information System allows making an informed 
choice of data aggregation as nodes, because it does not 
contain data considered as sensitive by a data producer. 
These indexing nodes will be "clonable" on a discretionary 
basis with enrichment rules and sharing licenses 
corresponding to "creative common" type "sharing the 
same conditions", allowing others to copy, distribute and 
modify the index (Fig 2), provided they publish express 
any adaptation of the index under the same conditions 
(open-source, open data). These rules will encourage the 
emergence of standards to improve the interoperability of 
data and promote the participation of new contributor 
laboratories taking into account their contribution to the 
technical possibilities as and when the project develops. 

The prerequisites of these tasks are accessibility of 
data, normalized and qualified flow with open data 
accessible by means of fluxes. Tools to be improved are 
resolution service, unique identifiers, equivalence between 
identifiers, and reproducible indexing nodes. The main 
objective is availability and traceability of data; it should 
permit a heritability for data qualifiers in the future, stories 
of data / data life studies in ecology and associated 
disciplinary, mainly economics, sociology and law. 

C. Quality and qualification of data 
In a production framework of multi-source data, the 

equivalence of observation system’s problematics and 
inter-calibration of observers then become crucial. 
Increasingly, the need for integrative multi- or trans- 
disciplinary approaches becomes necessary, in the study of 
systems where data output in each discipline is 
discontinuous, imprecise and badly distributed. 

Yet all the variables of these systems interact in time 
and at each spatial scale (biotic, abiotic variables, 
anthropogenic and natural pressures, perceived and 
provided services, societal perception, etc.) [4] [9] [13]. To 

prepare a true integrated management biodiversity [10], 
the data collection protocols must allow a fine and 
standardized description with a shared typology about (i) 
conditions of measurement and ecological status, (ii) 
pressures on these areas, and (iii) economic and 
sociological context. All this knowledge is necessary and 
should be standardized on a large scale to enable decision 
support. 
 

Scientific challenges about data quality are 
complicated, given (i) their volume and the dynamics of 
their update, the update repositories and the standards 
necessary for administering the data, (ii) their intrinsic 
heterogeneity and complexity, especially related to cross 
biodiversity data and contextual variables, (iii) the 
heterogeneity of users, networks of producers actors and 
their motivations to maintain and supply their information 
systems. 

 

 
Figure 2. Global hardware architecture: it provides graph results from 
local or remote databases. Each partner will store data locally and the 
system will be able to get results using standard protocols. Graph results 
can be obtained by end users using a specific web frontend. 3 countries 
are testing the architecture under European programs and inventories of 
marine biodiversity (CIGESMED, DEVOTES, ZNIEFF) 
In addition, queries on remote databases are being tested (e.g. GBIF 
(species occurrences), Tela Botanica (French Flora), European Pollen 
databases. Other thematic databases will be integrated in the development 
of this project. 

 
Work on data quality and their equivalence is required. 

It firstly involves the analysis and description of the 
common elements of each piece of information, and what 
differentiates them (name fields, formats, update rate, 
precision, observers or sensors, etc.) These descriptions are 
added to the data and form a body of criteria used for data 
mining. Secondly, it is intended to give the equivalence of 
data, based on data dictionaries and thesaurus. Some 
database conjunctions allow to deduce other, using firstly 
their own ontology for each domain and multidisciplinary. 
Out of all these logical relationships, we can deduce new 
qualifiers that are either new data quality or a way to find 
common qualifier to heterogeneous data that can serve as 
an additional descriptor as part of the data mining. 

This work is possible by accessible and decentralized 
IS, commonly related by other systems and normalized, 
accessible and configurable stream of qualifications. These 
standards/data dictionary/thesaurus ontology are 



commonly constructed and will be improved over the next 
years in an open database. This work will allow jointed 
analysis of different data corpus, and inter-calibrations of 
data productions.  

III. FIRST RESULTS 

A. Data visualization and graphs 
The visualization prototype is initiated in the VIGI-

GEEK project (VIsualisation of Graph In transdisciplinary 
Global Ecology, Economy and Sociology data-Kernel). It 
currently involves representations of graphs, but in the 
coming years it will explore other types of heterogeneous 
data representations. 

A major goal is to produce a "multidisciplinary" tool 
for construction and graph visualization through 
IndexMed. These graphs are constructed from aggregated 
information through the nodes indexing and qualifying 
data concerning Mediterranean marine and coastal 
environment, in various disciplines (socio-ecology, 
econometrics, ecology [structural and operational], town 
planning, management, etc.) at the Mediterranean scale. 
The development of this prototype is to make 
customizable graphs to search and visualize 
multidisciplinary data putting on the same level socio-
ecological, economical, ecological, molecular and 
functional data types (trophic relationships, functional 
traits, etc.) Each object or concept describing biodiversity 
can be a node, and the terms of the attributes that describe 
them are as many links which can give specific properties 
(attraction or repulsion of other objects). Particular graphs 
can mix heterogeneous objects, if these different objects 
share identical terms for any attributes (Fig. 3). 
 

 
 
Figure 3. IndexMed project graphic sample using IMBE dataset: 
different objects (3 in this case: species, quadrat photo samplings and 
localities) can be linked if they share the same attribute modality. This 
interface allows a generic integration of different objects when links are 
possible with common attribute values. This enables the design of graphs 
which are then analyzed thanks to the stream generated in JSON or 
XML. This flow will be operated by the algorithms selected by a 
decision tree, depending on the type of objects generated graph (not yet 
developed). The computing infrastructure will be used to browse these 
graphs. 
 

The interface use Neo4j <neo4j.com/>, a graph 
database implemented in java and released in 2010. The 
community edition of the database is licensed under the 
free GNU General Public License (GPL) v3. The database 
and its additional modules (online backup or high 
availability) are available under a commercial license. 

Neo4j is used to represent data as objects connected by 
a set of relations, each object having its own properties. 
When the database is requested, a graph appears and it is 
possible to interact with it, using the web browser. 

In Neo4j, everything is stored in form of either edge, 
node or attribute. Each node and edge can have any 
number of attributes. Both the nodes and the edges can be 
labelled and colored. 

IndexMed technical staff is developing a specific web 
frontend using Ajax/Jquery language. It may be possible to 
request a database asking for specific objects and specific 
relations between them, without using a technical query 
language such as SQL or Cypher. The prototype is 
developed for a generic and is enough to integrate any type 
of data in the form of "object, attribute, and attribute 
value" (Fig. 4). 

This prototype will be available as an open-source format 
to develop, on the medium term, usage of these graphs for 
decision support in environmental management and as part 
of a research project to be submitted to European calls for 
projects (BiodivERsA, ERDF, SeasEra, H2020…) 

 

 
 
Figure 4. Data visualization coming from our specific web frontend: 
different types of objects can be mixed, and relation between them is due 
to the value of terms which describe them. Links and nodes can be 
selected or colored by values of term. Fluxes content and generated 
request are display in the front of this interface. At this state, databases 
on marine benthic environment, terrestrial flora and pollen databases are 
tested. Others data content (dendrology, archeology, economic and 
social data) will be included after works on common thesaurus and 
attributes value (which permit to construct links).  

B. Testing other data devices: the astronomy example 
(“CHARLIEE” project with IndexMed consortium) 
Astronomy is a good example of interoperability of 

data and associated service. Since the first works of 
Messier and the NGC catalogues (first typology of 
astronomic objects in 1888), all the extragalactic 
astronomical objects have been identified and have been 
associated with a unique identifier. Each new object is 
defined with a specific ID, and with a combination of its 
position in the sky at a given time and epoch of the 
observation. 

In 2002 the International Virtual Observatory Alliance 
(IVOA <www.ivoa.net>) has been created to gather efforts 
on data standardization and dissemination. Since then, the 
Virtual Observatory (VO) allowed to spread validated data 



all over the world and to use data from
earth. Infrastructure, standards and 
developed to easily search for data and 
structured objects. From Solar system an
galactic objects, theoretical data and 
covering several quantities such 
photometric, spectroscopic data. Most of
of the objects have been characterize
Format exchanges have been described a
serialized as XML formatted data. By
access protocols have been setup to acce
tabular and temporal data. For several 
being developed to facilitate the cross-us
astronomical data. Among the most used sof
ALADIN (http://aladin.u-strasbg.fr/) 
TOPCAT (http://www.star.bris.ac.uk/~mbt/topcat/) 
VOSPEC (http://www.sciops.esa.int/index.php?project
Such tools hide the complexity of the VO
facilitate the use of data. 

The goal is to transcript the ecolog
formatted data in order to use the exis
tools in the study. Data will be transla
Content Descriptors (UCDs). This will
astronomical tools in a comparative way
can use the density maps (Fig 5). 

 

 
Figure 5. TOPCAT density map. The intensity 
reflects the number of points that fall within its b
interactive graphical viewer and editor for tabu
provides most of the facilities that astronomers 
manipulation of source catalogues and other tabl
for analysis and visualization of extremely cr
IndexMed framework, TOPCAT will be used for e
and/or sociological data visua
(http://www.starlink.ac.uk/topcat/) 
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dealing with the intrinsic space-time of the ecological 
phenomenon. It will use indexed data, data qualification, 
and data traceability for discovering patterns in the data 
values conjunctions with scientific significance. In the 
IndexMed Project, supervised clustering, graph algorithms, 
statistical ecology [17] and collaborative clustering 
methods [12] are planned to be used. Another issue is to 
use "unsupervised" mode, raising the possibility to 
compare the results of different algorithms to achieve 
consensus, which acts / results in the most likely scenario. 
The data mining helps finding managerial values such as 
scenarios, and provides standardized descriptors essential 
for approaches such as machine learning. The ambition of 
IndexMed consortium is to achieve operational objectives 
in terms of decision support, based on the exploitation of 
these complex multidisciplinary graphs. Scientific 
challenges concerning the quality of data are complicated 
by the heterogeneity of sometimes contradictory norms 
and standards between disciplines. However, adopting too 
many standards can prevent the pooling of heterogeneous 
objects. A process of simplification and approximation 
will probably be necessary. 
The ongoing more advanced initiatives concerning open 
linked data construct analyses with data mostly linked by 
geographical approaches (see [40]). One challenge raised 
by the consortium IndexMed consists to achieve common 
ontologies between several disciplines, and to offer new 
dimensions of analysis beyond the usual geographical and 
time fields (see [1]), usable by intelligent decision support 
machine.  

C. From artificial intelligence to intelligent decision 
support 
The area of Decision Support Systems (DSS) focuses 

on development of interactive software that can analyze 
data and provides answers to relevant decisional questions 
from the users, thus enhancing a person or group to make 
better decisions. Early DSS [24] used simple monitoring; 
later, model-based simulation introduced what-if analyses. 
Intelligent DSS (IDSS) [26] included specific domain 
knowledge and automatic reasoning capabilities. Till now, 
important efforts to develop dedicated (I)DSS are required 
for every particular application [41][36] and some 
successful experiences appear in several fields, like self-
care management [27], water management [32], forest 
ecosystems [30] or air pollution [31]. However, upgrading 
of these platforms to incorporate new risk factors control, 
new sensors connections or to take into account new 
predictive models becomes costly and time consuming. 

New generation IDSS provides sufficient integration 
for achieving a really holistic approach (taking into 
account not only monitoring of isolated parameters, but 
also information from the different data sources available, 
activities developed in the community and all types of 
available information (images, measures, qualitative data, 
knowledge, documents, tweet, etc.) and to get a 
sufficiently flexible DSS system architecture to make easy 
adaptation of the system to advances in the ecological state 
of the art, and new architectures must be designed to 
permit flexible upgrades or domain-changes of these kind 
of platforms in an easy way [3] [29]. Today, it seems clear 
[35] [37] [16] that IDSS must combine data-driven, 
analytical and knowledge-based models (including prior 

declarative expert knowledge), as well as some 
standardized reasoning [21] [19] [39] to provide a relevant 
support to managers, even if there are not yet much real 
experiences on-going under this approach. 

Ecology belongs to a set of critical domains where 
wrong decisions may have tragic consequences. Decision-
making performed by IEDSSs should be collaborative, not 
adversarial, not only finding optimal or suboptimal 
solutions, but making the entire process more open and 
transparent. The system will have to deal with inherent 
uncertainty of decisions and decisions must inform and 
involve those who must live with the (consequences of the) 
decisions. 

D. Preservation of heterogeneous data 
The scientific data is collected with large material and 

human efforts and tend to be unique due to the ever 
increasing experimental complexity and because of the 
time-stamped nature of the data itself, as it is very often in 
ecology studies. The data preservation is therefore of 
crucial importance and may open new avenues for research 
at low cost, and for instance when older data sets are 
combined with newer data in order to enhance the 
precision or to detect time-dependent variations. Various 
disciplines have organized the preservation of larger or 
smaller samples of experiments in a different manner, most 
of the time adjusted to the community needs [6]. However, 
there is a large potential for improvement and unless an 
immediate and massive action is started, the danger to 
simply loosing unique data sets remains significant. 
Investigations in a multi-disciplinary context have revealed 
many similarities across heterogeneous data sets within 
some scientific disciplines; for instance, several 
experiments in high-energy physics may choose to 
standardize their preservation approaches [2] and 
astrophysics data is massively mutualized in the IVOA. 
Moreover, there are similarities and constructive 
complementarities in the scientific needs and methods for 
data preservation across different scientific disciplines. 
These arguments suggest that a rigorous approach of the 
heterogeneous data treatment, from collection, treatment 
and access to mining, visualization and storage can also be 
beneficial for the long term preservation. In addition, the 
preservation of data sets already collected can be 
reorganized through novel algorithms in order to enhance 
the robustness of the data preservation systems, thereby 
extracting more science and enhancing the original 
investment in experiments and data collection. Due to 
these considerations, this is one of IndexMed Consortium 
goals. 
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