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Abstract

Biodiversity related observational data are collected in a variety of ways and for a variety of purposes, mostly in the
form of some sort of organised data collection action. Data management solutions are often developed to manage the
data collection processes and organise the data, which may work well on their own but are less compatible with other
data management tools.

In a continuous development process, we have created the OpenBioMaps (OBM) biodiversity data management plat-
form, which can be used as a self-hosted data management platform and as a free service, hosted by several institutions
for biological database projects. OBM has the ability to integrate biological databases without any structural or functional
constraints, allowing a high degree of flexibility in data management and development; it provides interfaces to facilitate
communication between different end-user communities, including scientists, citizens, conservationists and educational
staff. We have also established a network of OBM services based on collaboration between government, educational and
scientific institutions and NGOs to provide a public service to those who lack the capacity or knowledge to set up or
manage their own self-hosted servers.

OpenBioMaps uniquely focuses on the entire data management process, from building the data structure to data col-
lection, visualisation, sharing and processing.
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Introduction Although there is a broad consensus that data should be
made the most accessible for researchers (e.g. Nelson 2009;

Management of biodiversity data varies considerably  Costello et al. 2014; Powers and Hampton 2019) and there
depending on its purposes, tools and user community. are a number of recommendations (Moritz et al. 2011;
Costello et al. 2014; Costello and Wieczorek 2014) and tools
(e.g. Mudunuri et al. 2009; Wieczorek et al. 2012; Robert-
son et al. 2014; Global Biodiversity Information Facility,
GBIF 2016; Clark et al. 2016) in this regard, however, there
>4 Miklés Ban are no general solutions for managing data, especially in
banm@vocs.unideb.hu everyday work environments, that can greatly facilitate this.
Daily work with biodiversity data usually involves the
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There are two important focus groups in terms of usage:
the data collectors and the data curators (Tammaro et al.
2019). In a well-functioning data management system, the
needs of both collectors and curators must be considered
during development, otherwise the data management pro-
cess will become hampered and hence slow.

In addition to meeting all these conditions, other indis-
pensable goals may emerge, especially for long-term data
collection projects, such as linking data or certain work-
flows to other tools or processes and thus ensuring integra-
tion (Heberling et al. 2021).

Thanks to the large number of open source and freely
available commercial or community-based tools and solu-
tions, it is quite easy to build a new workflow for biodiversity
data management that meets the above criteria. However,
maintaining a private system in the long run is usually not
a simple task (Bastow and Leonelli 2010; Reichman et al.
2011). Nevertheless, it is common practice to develop a
new, private data management workflow. For example, in
Hungary, where millions of new biodiversity monitoring
related occurrence data are recorded annually by employees
of the regional nature conservation authorities, the national
parks direcorates, many different data management systems
existed side by side. Other Hungarian governmental organ-
isations such as the Ministry of Agriculture also developed
their own biodiversity data management system (Takacs and
Szilagyi 2004). In addition, Hungarian conservation NGOs
also have developed private management solutions, the
details of which depend on their financial or technical back-
ground. Furthermore, researchers from scientific institutes
and university research groups are also developing custom
tools to implement data management processes (e.g. Mol-
nar etal 2007). Generally speaking, the technical diversity
of data management practices discourages the development
of collaborations, which would, however, be very desirable
(e.g. McShane et al. 2004, Bennett et al. 2017, Carmen et
al. 2015). Therefore, new collaborations usually require the
development or creation of new tools and interfaces for data
exchange or sharing, which hinders the implementation of
the FAIR (Findability, Accessibility, Interoperability, Reus-
ability) principles (Wilkinson et al. 2016), and resulting
leaving large amounts of data in the ‘dark’ (Heidorn 2008)
in more or less isolated databases. In most cases these iso-
lated databases are hard to discover and are inaccessible to
the public (Blair et al. 2020), sometimes even to the target
group whom it is created for.

Our aim was to develop a complex and flexible software
solution that supports the management of biodiversity data
throughout its lifecycle and is suitable for handling both
public and sensitive data, further facilitating communi-
cation between conservationists, educators, government
officials and scientists. We also created a public and free
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service based on this software components for building eas-
ily manageable biodiversity-related databases, which then
can facilitate the open sharing of data. All these software
components are compatible with open standards (e.g. Wiec-
zorek et al. 2012) and entirely based on open-source solu-
tions and customizable with user-contributed extensions.
Finally, we have initiated and developed a formal collab-
oration that encompasses several institutes (following the
‘bigger is better’ advice (Costello et al. 2014)) to guarantee
the long-term support of these services and to oversee the
software development.

Design and implementation
Rationale for the design of the system architecture

OpenBioMaps is a grassroots project and does not have a
fixed budget. All features and tools are driven by user needs.
Economic sustainability was therefore a key factor in the
design of the OpenBioMaps system. In addition, we were
designing for a user community whose members (research-
ers and conservationists) already had tools and routines to
perform certain tasks, to which our newly created tools had
to adapt. Therefore, all the tools we developed are charac-
terised by a low level of connectivity support and a high
level of flexibility.

For the above reasons, we have developed using only
open source and freely available tools and do not rely on
any large development framework to keep external depen-
dencies low. Although we follow mainstream development
practices, we always choose the most stable and maintain-
able solutions.

The main server components (such as PostgreSQL and
MapServer) are externally accessible and can be integrated
into independent systems. In addition to this support for
technical accessibility, the creation of SQL structures sup-
ports interoperability by creating structures for data man-
aged in OpenBioMaps that are understandable to humans
and can be used in other application environments without
any special transformations. In other words, the structure
of the managed data is only minimally complemented by
OpenBioMaps and is basically optimised for interoperable
data entry and querying.

Application logic and tools

OpenBioMaps is mostly used to digitize and manage biodi-
versity data collected in the field. Its toolkit follows the life
cycle of the data and offers a range of customisable solutions
at all levels (Fig. 1). These levels are: (1) database initialisa-
tion, (2) filling the database with data, (3) data curation and
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Fig. 1 OpenBioMaps overview from a data lifecycle perspective

organisation, (4) data processing and evaluation and (5) data
sharing and supporting the publication process.

(1) Database projects with new custom structure and set-
tings (access, visualisation, upload-forms) can be created
via the Web UL And can be maintained through a Web based
system administrator application and there is and other Web
UI application for the project management. (2) Data col-
lection is supported by a mobile application that allows
offline data collection for Android and iPhone users. The
mobile application manages data collection forms accord-
ing to the settings of individual database projects and can
display the collected data. Data collected by other tools can
also be uploaded through the Web U], also using customis-
able forms that allows for the processing of various files. (3)
Once uploaded, the data can be further organised and trans-
formed (e.g. validation, extending attributes, adding meta-
data) automatically using background processes (any kind of
non-interactive software can be integrated as a background
job), or manully using map or data filters and modification
tools. (4) Data stored in the database can be accessed from
Postgres/Postgis client applications and the map data can
be accessed by WMS, WES clients. All the stored data can
be accessed with external tools through OBM API which
let users integrate the data workflow into external applica-
tions. There is an OBM R package that makes data access
easy and scriptable in an R environment, and a built-in R
Shiny application interface that helps to review the con-
tents of data tables using interactive charts. Also, there is
an interface to run analysis remotely, managing access to
distributed computing capacity and providing tool support

for computationally intensive analyses. (5) Finally, Web Ul
provides interface to place analyses files, processed data
or raw data in remote repositories with detailed metadata
to support publication tasks. Web UI also provides inter-
face with persistent identifiers for raw data sharing. These
features help improve the data findability and, while also,
opens the way towards the reusability.

System architecture

The architecture of the system is presented from the per-
spective of the central web application (Fig. 2). This is a
system of more or less independent web applications with
multiple entry points, forming a unified system with con-
nections built across an internal API and an external API.
These independent applications are (Table 1):

(1) Map and text query and data management interface
(Fig. 3). The map interface is built using MapServer through
an internal MapProxy application, which is an authorization
tool in front of Mapserver; (2) Data upload interface (file
uploads and web forms); (3) Project administration inter-
face (user profile settings, invitations, new project creation,
module settings and all additional project settings); (4) Sys-
tem administration application where system updates and
maintenance can be performed.

The External API allows data queries and data uploads
to external applications. The Internal API is an API inter-
face, called Rest API but without web requests, for manag-
ing standardised communication between separate internal
components. The web application suite can be installed
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Fig.2 OpenBioMaps server architecture
Table 1 Main software components of the web application
Software component Software environmnet Comments

Web UI for data query and visualization.

Mapserver proxy

Web UI for data file uploading and individual data records via
WEB forms

Web UI for project management

Web UI for system administration
External API

Internal API
Docker descriptive files for building OBM server environment.

Php/JS (JQuery, OpenLayers) web
application

Php application

Php/JS (JQuery) web application

Php/JS (JQuery, VUE) web
application

Php/JS (JQuery) web application
Php application

Php application
YAML files

With flexible access control

Access control interface for Mapserver
Sheet formats, shp, images, fasta, and
other custom formats

Create new projects, manage users,
create data input forms, manage jobs

System updates and maintenance
For mobile app, QGIS, R and other
future applications

the core system. These components can be connected to the
core system elements through internal or external APIs and
their presence depends on the specific design of the project
(Table 2).

These applications are:

using Docker environment for great portability and flexibil-
ity and this lets users easily create a self-hosted database
portal.

The overall system also includes a number of other tools,
which are best characterised by their place in the data pro-
cessing workflow, as they are not mandatory elements of
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Table 2 Other software components
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¥

€

Software component Software environmnet

Comments

Mobile application

and Android
R package R application
R Shiny application R shiny application

Computational server Php/R/Docker application

Modules Php/JS

External repository interface tools Php/JS/R

Geometry mapping web application Php, JS, OpenLayers
Jobs Php/R/Bash/Python

React native app for iPhone

Collecting observation data without permanent online server
access

Easy data and report access — a postgres interface
Dynamic data exploration and plotting

Remote computational server and computation capacity manage-
ment interface for scientific data analysis

Using Dataverse based repositories to deposit and publish datasets
Standalone map application create and test custom geometries.
Standalone applications with a standard interface

Mobile application for fieldwork by biologists (Fig. 4),
R-package, R-Shiny application and compute server appli-
cation for data analysis.

Modules to extend the functionality of the web user inter-
faces. Some modules allow the integration of additional
custom software components (plug-ins), while all modules
can be replaced by custom code versions on demand. There
are currently more than 40 modules.

The remote repository interface (currently implemented
only for the Dataverse system) communicates with the
remote repository API via an internal repository proxy, over
which it creates its own management layer. This is neces-
sary to allow a project to communicate with the repository
system through a single repository user, instead of register-
ing individual users.

The GIS Mapping web application is a tool open for
external use and is involved in several internal processes.
This application has its own API.

Finally, Jobs are standalone applications, controlled by
a scheduler and run in the background. Jobs have their
own GIT repository, which is directly accessible from
projects, thus supporting dynamic custom development.
The retrieved Jobs are often cutomised with the integrated
CodeMirror based text editor.

Public online service

Although OBM is a portable system and many institutions
deployed private OBM servers to serve their own projects,
some large institutes have set up public servers to provide
freely available capacity for smaller projects. Currently,
there are four OBM public server nodes, hosted by two uni-
versities (University of Debrecen and Eotvos Lorand Uni-
versity), the Duna-Ipoly National Park Directorate and the
European Open Science Cloud (EOSC). These OBM nodes
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are interconnected with each other via a private network
forming the OBM network to share some resources, e.g.
backup storage or computational capacity.

A list of known servers is available in an OpenBioMaps
database created for this purpose. Servers registered in the
open OpenBioMaps Networks Database (2016) can be
accessed from the mobile application.

Examples of usage and facilities

There are currently about 60 active database projects run-
ning on 11 independent OBM servers, which approximately
contain seven million records with spatial reference of
about 20,000 species from various biodiversity data col-
lecting studies. A list of known servers and databases is
available from openbiomaps.org. In this list, databases are
categorised as stable, test or experimental, which is only
indicative information about the maturity of the database.
An additional flag is used to indicate the openness of the
database and the data it contains. This flag indicates how
open the database is to uploading, reading and modification.

The largest users of OBM are currently the Hungarian
national park directorates and nature conservation NGOs.
In addition OBM is used in research projects e.g. the “Sex
Ratio in Vertebrates” database (Liker et al. 2021, Sex Ratio
in Vertebrates database 2017); Global Plover Database
(Halimubicke et al. 2020; Global Plover Database 2017),
Debrecen DNA Bank (2018), Flora Atlas of Hungary (2018)
and Balkanherps (2017). There are also several examples of
using OBM in CitizenScience projects, e.g. Eurasian Kur-
gan Database (Deak et al. 2019, Eurasian Kurgan Database
2019), OpenBirdMaps (2013) and OpenHerpMaps (2019)
in Romania and Public Nestbox Breeding Data (2016) in
Hungary. Finally, there are examples of use in educational
projects e.g. Birds of Debrecen (2019) where student col-
laborative work and field data collection can be performed
on OBM basis.

Examples of workflows using OpenBioMaps

One of the largest OBM project currently is the Pannon
Bioregion Biotic Dataset (2012), assembled by the Danube-
Ipoly National Park Directorate in Hungary. This spatial
database contains more than two million occurrence records
of about 10 000 different species. Majority of the records
were collected in the field using handheld GPS devices, with
high spatial accuracy. However, it also comprises records
of natural history collections with weak spatial accuracy,
some of which are over 100 years old. Recently, most of
the data has been collected through the OBM mobile appli-
cation, by both professionals and amateurs (volunteer data
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collectors). OBM instances operated by other national parks
directorates, replaced a previous data management system
and integrated all data from there. A significant amount of
records has been uploaded from data files produced in other
applications.

Data curators play a key role in the system, as they do
the bulk of the non-mobile data uploads, review the data
input and liaise with data collectors. In addition, they cre-
ate a number of data collection forms for each data collec-
tion and, finally, they continuously organise and populate
the SQL database with data from other sources (e.g. raster
maps, official government databases), which data users use
mostly in QGIS or OpenBioMaps environments to carry out
their daily work. This database is closed to the public, but
data for certain questions is shared upon request.

The largest public database is OpenBirdMaps (2013),
operated by the Milvus Group Association, an NGO in
Romania. It is dedicated to collect and freely publish infor-
mation regarding the spatial and temporal distribution of
wild birds in Romania. In April 2022 about 80% of the total
number of 1,511,000 records from this database were public
(excluding sensitive data). It has over 300 users, who mostly
upload their records through the OBM mobile application.
The curators have built a number of data management tools
that can be used to perform automated daily routine tasks
around the database, such as simple checks and corrections
or linking observation-list data and transferring the data to
other databases in a specific format. OpenBirdMaps is a
partner of the EuroBirdPortal initiative, a project run by the
European Bird Census Council (EBCC 2022) in partnership
with more than 80 institutions from 29 countries in Europe.
Data transfer to EuroBirdPortal is an automated daily pro-
cess using a background job.

In the Hunviphab (2021) project, a LIFE project (https://
www.rakosivipera.hu/), monitoring coordinators are carry-
ing out at least seven different monitoring programmes on
around 5,000 hectares, involving more than 30 volunteers
and professionals each year, from February to November.
Data is collected using the OBM mobile app and DCLR
cameras. Data collected with mobile phones are usually
automatically uploaded to the database (depending on the
setting) and participants check and update their field data
as needed (e.g. uploading and matching camera photos
with data). In this project, tracklogs of data collectors in
the field are critical information for calculating accurate
search effort, so the tracklogging feature of the mobile
app is used to collect large amounts of tracklog data. The
monitoring coordinators, as curators of the data, have cre-
ated several R-scripts available in the hunviphab R pack-
age to continuously process and validate the different types
of data that are coming in. Their R-scripts use the OBM R
package to retrieve data from databases, and use a number
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of database-level functions to transform the incoming data
(e.g. compiling tracklogs with observations), and prepro-
cess datasets for statistical analyses such as abundance esti-
mation applying n-mixture models for the focal species, the
Hungarian meadow viper (Vipera ursinii rakosiensis).

The Eurasian Kurgan Database (Deék et al. 2019, Eur-
asian Kurgan Database 2019) has two types of data, detailed
and simple. They are managed in the same data table, but
have different map views and can be uploaded using two
separate forms available as mobile field and web-based file
upload forms. The simple data form is publicly available
and contains only the coordinate, date, observer and option-
ally a photo field, while the detailed data form is only avail-
able to project members and contains the parameters for a
detailed survey of a kurgan (botanical and environmental
condition survey). In this way, the database is partially open
for uploading and reading, as the simplified version of the
data is freely accessible, while the detailed data is only
available to members.

The majority of the data is received from Asian and Euro-
pean countries in excel files, which are uploaded by the data
curators using the file upload version of the forms above.

The data has been checked once so far, and this process
took place outside OpenBioMaps, so the entire database
was re-imported at the end of the validation process.

Anyone can register their nest box in the Public NestBox
Breeding Data (2016) and upload their breeding observa-
tion data. However, this database is currently mostly used
for research projects around the University of Debrecen
campus, where there are about 400 wooden nesting boxes
from various research and citizen projects over the last 20
years. These nest boxes are located in an area of about 50
hectares around the campus and are difficult to monitor dur-
ing the breeding season.

The project curators created online colour maps (using
Mapserver in the OBM interface) and automatically updated
online tables based on database queries for fieldwork stu-
dents to visualise and organise the following monitoring
events, to ensure that all observations are made in a timely
manner, as even a day’s delay can mean a complete data
set is lost. In addition to the custom forms created in the
mobile apps, fieldwork students also use the online database
interface to keep track of the most up-to-date information
available on nest boxes.

They use different data collection methods depending
on the type of experiments and lab work, and create cus-
tom data tables for specific examinations, but link it all to
the main tables of the projects, basically PostgreSQL level
solutions.

The data structure and SQL solutions developed in this
project have been adopted in several other research proj-
ects using OBM, where regular observations are linked to
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permanent observation sites and these observation events
can be accompanied by additional associated event data
tables.

Discussion

We have developed an online, non-centralised system based
on open source tools to provide a sustainable and reliable
framework for the various communities that develop and
operate biodiversity-related databases. The OBM provides
flexible interfaces to standard back-end services (relational
database, map server) and includes a number of tools to
facilitate the development of biodiversity data structures
and the exchange of information stored in the databases
with other applications and databases. We have also created
a reliable public service based on this system for those who
would like to run self maintained data management proj-
ects without their own infrastructure. These infrastructures
and services can do much to promote the use of biodiversity
data, in particular by significantly accelerating the data life-
cycle from generation to use, while also contributing to the
implementation of the FAIR principles.

Software availability and requirements

The OpenBioMaps server can be self hosted, or can be
deployed on cloud architecture using the same Docker based
installation method. The software components of the Open-
BioMaps platform for a self hosted deployment are avail-
able through GitLab (https://gitlab.com/openbiomaps) and
GitHub (https://github.com/openbiomaps). This repositories
are group repositories which includes the Docker descrip-
tion of the server installation (docker/obm-composer), web
application (obm web-app),web application modules (web-
app modules), job applications (web-app jobs), customis-
able landing page application (obm-web-mainpages), and
customisable style application for web ui (openbiomaps-
styles). Furthermore, these repositories are hosting Open-
BioMaps client applications such as the Mobile application
(openbiomaps-mobile), R package (obm.r), R Shiny appli-
cation (obm-rshiny) and the Sphynx based documentation
(documentation).

To maintain a self-hosted private OBM server in a pro-
duction environment, we recommend a minimum of 4 CPU
cores, at least 8 Gb of memory and 100 Gb of storage space
for smooth operation.

The internationalisation of the entire platform is publicly
available through a private Weblate instance (a community-
based translation application) on https://translations.open-
biomaps.org.
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The cloud based deployment of OpenBioMaps server is
available via EOSC Marketplace (https://marketplace.eosc-
portal.eu/services/openbiomaps), where different deploy-
ing options offered from the automatic server deploying on
cloud infrastructure to different kind of server intergrations.

The OBM mobile application is available through Google
Play and Apple’s App Store.
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