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Abstract: The paper describes the interfaces implemented in the AMUNATCOLL IT system, which enable access to and 
exploration  and manipulation of data available in the database containing unique natural collections from the Faculty of Biology 
of Adam Mickiewicz University in Poznań (FBAMU). Data can be accessed using the two available interfaces: graphical and 
programming application interfaces. The first is implemented in two forms: a portal, which is the main interface for accessing  
the data stored in the database, and a mobile application that complements functions related to field research and creating 
private collections. To deliver the required set of operations, the portal was equipped with simplified and advanced searching, 
statistical analysis and spatial processing (BioGIS). Data openness and the ability to collaborate with other solutions and systems 
are key elements in achieving synergies in conducting research on biodiversity. AMUNATCOLL IT offers an opportunity to 
respond to these challenges, enabling data export for independent processing with external tools related to portal functionality 
or giving access to data directly using an application programming interface. Graphical interfaces are subject to numerous 
requirements and restrictions reflected in the graphic design and accessibility issues related to the accommodation of disabled 
individuals. These interfaces must properly address both groups of target recipients, considering their different goals and level 
of knowledge, as well as adjusting the level of interaction due to the limitations of using the interface.
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1. Introduction

 The dynamic development of information technolo
gies enabled the launch of the process of digitisation 
and the wide availability of large amounts of informa
tion on biodiversity. Much of this information has been 
systematically collected for several hundred  years by 
several scientific institutions around the world. As a 
result, millions of specimens from all groups of organ
isms have become visible in every corner of the world 
that the internet has reached. The Faculty of Biology of 

Adam Mickiewicz the University in Poznań joined this 
global trend through the AMUNATCOLL IT project.  
The project is carried out in joint cooperation with 
PSNC supporting design and conceptual errands with 
a particular emphasis on IT tasks. The overall purpose 
of this endeavour is to meet the world’s standards in 
digitisation and to share information on biodiversity 
(Jackowiak et al. 2022). This publication aims to present 
the AMUNATCOLL IT system with a special emphasis 
on the implemented interfaces and their purposes, types 
and characteristics.
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Functionality
Global Biodiversity 

Information 
Facility

The herbarium at 
the Royal Botanic 

Gardens Kew

Muséum national 
d'Histoire naturelle 

in Paris
Tropicos® database Natural History 

Museum

Browsing +   + +

Simple search + + + + +

Advanced search + + + + +

Specimen 
comparison     

Georeference GPS coordinates Region or 
GPS coordinates Region + Up to the region 

GIS tools Average  
Average

(geographic 
specimen search)

Average

Iconography + + + + +

User owned 
database

+
(for testing 

reasons)
   

Mobile application     

Publication 
reference    +

General reference 
to the type in the 

publication

Profile
Open access to data 
about all types of 

life on Earth

Wide range of 
plant specimens 

representing 98% 
of the genera in the 

world

Vascular plants

Comprehensive 
overview of 

species, taxonomy, 
images, references, 

DNA, etc.

Entomology, 
zoology, botany, 
palaeontology, 

mineralogy

Number of 
specimens Almost 2 billion Ca. 7 000 000 

specimens

Over
5 500 000
specimens

Over
5 000 000
specimens

Almost 5 000 000 
specimens

Notes

The biggest 
collection of Earth 

life specimens 
based upon 

external database 
contributions

Herbarium 
digital images of 

specimens: 609 197 

Linked to GBIF, 
JSTOR and 

Tropicos

Over 930K digital 
images

Linked to Plant List 
and International 

Plant Names Index

Linked to 
Biodiversity 

Heritage Library, 
Catalogue of Life, 

GBIF

Table 1. Comparison of functionalities offered by exemplary NHC database systems

 AMUNATCOLL IT offers multiple ways of inter
acting with digitalised data through a portal, mobile 
application and an application programming interface 
(API 2021). These applications are based on the resour
ces and the specificity of their description provided by 
Adam Mickiewicz University in the taxonomic database 
(stores specimen descriptions) and the iconographic 
database (contains multimedia materials).
 Considering the graphical interaction perspective, 
the assumed form of the data presentation and pro
cessing includes both the portal and the mobile ap
plication. The portal is the primary means of access 
to data sources available in the database, while the 
mobile application is intended to provide supplementary 
functionality  for facilitating fieldwork and the creation 

of userowned databases. The design assumptions of the 
AMUNATCOLL IT project that provide unrestricted 
access to data based upon FAIR principle (FAIR 2021) 
complementary solutions were introduced. Within this 
strategy, exporting data in open format by means of 
portal functionality and providing direct access to data 
via programming interfaces constitute the fundamental 
range of services offered by the system. The implemen
tation of the human interface is associated with taking 
into consideration the numerous conditions in the area 
of provided functionalities, transparency and facilities 
for people struggling with various physical and mental 
dysfunctions. This means that the way in which com
munication with users occurs should consider different 
levels of knowledge and intentions as well as gene rally 
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Smithsonian 
National Museum 
of Natural History

Integrated 
Digitized 

Biocollections
AMUNATCOLL

Quick browse of 
selected specimens + +

+ + +

+ + +

  Graphical 
comparison

Region or 
GPS coordinates GPS coordinates GPS coordinates

 Average Advanced 

+ + +

  +

  +

  +

Anthropology, 
botany, 

entomology, 
mineral sciences, 

paleobiology, 
invertebrate and 

vertebrate zoology

Mostly Animalia 
and Plantae; 
minority of 

Fungi Chromista, 
Protozoa, 

Eubacteria and 
Algae 

Botanical and 
zoological 
specimens

10,691,864 
specimen records Nearly 130 million Over 2 000 000 

specimens

Only part of the 
Smithsonian 

NMNH collection 
is digitized. 1.5 
million records 
georeferenced. 

1704 datasets, 
ambition to 
integrate all 

U.S. biological 
collections

Linked to GBIF

 The first example is the Global Biodiversity Infor
mation Facility (GBIF 2021), an international research 
network and infrastructure funded by governments 
around the world dedicated to providing open access to 
biodiversity data on Earth. The next example is the Kew 
Herbarium Catalogue of the Royal Botanic Gardens 
Kew (KEW 2021), which publishes an online digital 
herbarium catalogue containing scans of specimens and 
their metadata. Another example consists of the plant 
collections of the Muséum National d'Histoire Naturelle 
(Sonnerat) (MNP 2021; PVM 2021), which provides 
digital access to collections containing specimens from 
France and Europe, as well as from the former French 
colonies and the present overseas territories of France. 
In addition to herbarium collections, a digital botanical 
library of scientific publications is also made available 
online by Tropicos (TRO 2021), one of the largest online 
databases of plant information run by the Herbarium of 
the Missouri Botanical Garden. The Natural History 
Museum in London (NDP 2021) not only runs an exhibi
tion but also offers a large set of collections (5 million 
specimens). Records are organised into five collections: 
entomology, zoology, botany, palaeontology,  and mine
ralogy. The Smith sonian National Museum of Natural 
History (SMI 2021) has one of the most impressive col
lections of records originating from seven departments 
(anthropology, botany, entomology, mineral sciences, 
paleobiology, invertebrate and vertebrate zoology). 
Vertebrate zoology has special divisions for amphibians 
& reptiles, birds, fishes and mammals. In total, it con
stitutes almost 10.7 million specimen records currently 
available online. The overall goal of Integrated Digitised 
Biocollections (iDigBio 2021) is to develop infrastruc
ture that supports the advanced digitisation process 
of biodiversity collections. Its goal is to integrate all 
U.S. biological collections by enabling digitisation to 
facilitate the discovery and increase the understanding 
of biological diversity. This process is combined with 
the use of edge standards and practices in the field 
of the digitisation process itself and building a cloud 
environment for storing and sharing the collections. 
Currently, iDigBio hosts nearly 130 million specimens 
and more than 43 million media records organised in 
1700 datasets. Most of the specimens originate from 
kingdoms such as Animalia (48%) and Plantae (45.9%), 
with many fewer from the Fungi (5.3%), Chromista 
(0.5%), Protozoa kingdoms and Eubacteria and Algae 
domains. Data collected in iDigBio can be explored 
natively through the portal interface as well as using 
an API to directly access the data and utilise functions 
that are not available through the portal.
 The creation of the AMUNATCOLL IT interfaces 
was preceded by a comparison of the website interfaces 
of the above databases and considered the following 
categories (Table 1):

accepted standards for the design of interfaces for 
people with disabilities.

2. Interfaces of online databases of biodiversity 
information: an overview of selected websites

 Many systems on the internet related to the presen
tation of biodiversity information can be encountered. 
They differ in the purposes and scope of functionality 
offered to their users. As part of the work on determining 
the functional scope of the implemented interfaces, we 
learned the experience of renowned scientific institu
tions and IT databases, with a particular emphasis on the 
online databases, which are one of the most widespread 
within the scientific users.

Biodiv. Res. Conserv. 65: 4967, 2022
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• Browsing – simple browsing of the database content 
without using a search function; it can be either the 
usual functionality that allows users to freely navi
gate through the collections or driven by specific 
categories.

• Simple search – search using one field solution.
• Advanced search – search with multiple fields de

fined; it is advantageous if logical operations are 
able to be implemented.

• Specimen comparison – ability to compare two 
or more specific specimens at one page; the com
parison can be implemented either by a generation 
collation table where specimen data are presented 
(metadata comparison) or by the juxtaposition of 
pictures (graphical comparison).

• Coordinates of specimen locations – information 
about geographical referencing along with preci
sion data; data may be given with varying accuracy 
(continent, country, region, descriptive locality, GPS 
coordinate).

• Spatial analysis (GIS) tools – if a database has a 
functionality to show up specimens on a map, the 
functionality of the spatial analysis tools can be 
divided into three categories: elementary (just map 
representation), average (simple manipulation of 
data represented on a map by filtering), advanced 
(advanced search and data manipulation with GIS 
functions).

• Iconography – if a specimen description is accom
panied by multimedia data.

• Userowned database – the ability to create datasets 
(databases) owned by the user.

• Mobile application – if the system is facilitated by 
a mobile application.

• Publication reference – whether there is an asso
ciation between the specific specimen and the 
publication(s) where it is mentioned.

• Collection profile – information regarding whether 
the collection is specialised with specimens be
longing only to a specific group or if it is a multicate
gory collection. The exemplary categories include 
entomology, zoology, botany, palaeontology, mine
ralogy, anthropology, mineral sciences, palaeobio
logy, invertebrate zoology, amphibians and reptiles, 
birds, fishes, mammals. etc.

• Number of specimens – information about the num
ber of records stored in the database.

 The comparison of those systems is a very cumber
some process, mainly due to different approaches to the 
offered functionalities resulting from different expecta
tions and needs of target users as well as the level of 
technological advancement and IT solutions used at the 
date of their implementation.
 Basic offerings, such as browsing and searching 
in both simple and advanced ways, are provided by 

almost all databases, which is natural and expected. 
The comparison of at least two specimens at one page 
is a rather unique feature. This operation seems to be 
particularly useful when a detailed analysis is carried 
out to detect differences between the digitised objects. 
Georeferenced information is commonly provided 
across investigated systems but is subject to the accu
racy of the information provided. In some cases, only 
the region where the object was harvested is provided, 
while in other solutions, more accurate GPS coordinates 
are mentioned. However, in all cases, we cannot transfer 
these coordinates to the map; these tools also differ in 
the possibilities of available data manipulations while 
presented on the map. Iconography (scans and pictures) 
is omnipresent, and the only difference is the quality 
of the photos offered. The presence of such services as 
the possibility of building a private database based on 
one's own observations made using a mobile applica
tion is now extremely rare. In our comparison, this is 
only offered by the AMUNATCOLL IT system, which 
we consider important, as this type of functionality 
potentially increases social commitment and sensitivity 
to biodiversity issues. The next functionality relates to 
the publication references, which is quite useful when 
one wants to read more about the specimen presented 
in the database. It is sporadically encountered in the 
analysed systems and presented in two ways: the re
ferences refer either to a given specimen or generally 
to a given species in publications.
 In summary, it is worth mentioning that many 
databases  closely cooperate with other systems, which is 
very beneficial due to the completeness of the offered data.

3. Portal

 The portal is the firstchoice tool to obtain access 
to the database for users of all kinds. Essentially, the 
functionality of the portal includes data search, viewing  
the list of specimens, displaying information about 
the specimen, presenting aggregate information about 
specimens, and viewing iconographic data. In addition, 
the portal has integrated tools for coordinators that ena
ble data editing and checking usage statistics, such as 
number of visits, number of users, and number of data 
downloads.
 The user interface allows efficient execution of 
typical scenarios of working with the portal. These are 
obtaining general information about AMUNATCOLL 
and the natural history collections database, retrieving 
information from the database, applying analytical 
tools, obtaining more information about the portal, 
obtaining assistance in using the portal, and contact
ing the authors. The main portal menu reflects these 
typical usage scenarios. Profiling the access methods 
and displaying data is aimed at adjusting the scope and 
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the functionality to the requirements of target groups, 
e.g., state and local government units, state services 
and officials,  teachers, students, research workers and 
doctoral students, nongovernmental organisations, and 
all other nature fans.

3.1. Data exploration

 The portal allows searching by a variety of criteria 
and using an interface tailored to different needs and 
capabilities of the target audience. A simple, general 
search engine is provided on the main page of the portal, 
is available to all users, and is unregistered. It searches 
for elementary information on specimens based on 
scientific names of species and genera of plants, fungi 
and animals, offered in Polish or Latin.

3.1.1. Specimen and taxa browsers

 The form consists of a single field solution with 
a value  that is used to search for specimens by the 
following  fields: species, genus and higher taxa. The 
result of the search is a list of specimens, which contains 
up to several thousands of items. The list of retrieved 
specimens is presented in a few tabs: (1) Genera – re
trieved specimens grouped by genus; (2) Species – re
trieved specimens grouped by species; (3) Specimens 
– a list of individual specimens; (4) Iconography – scans 
of specimens identified taxonomically; (5) Multimedia 
– other images of nature that are unrelated to the stored 
specimens.

 The results are presented as a paged list. The number 
of items per page is the user’s choice. Detailed informa
tion about each specimen in the list can be displayed 
(Fig. 1). Information about the retrieved specimen is 
grouped under several tabs. When a photo is associated 
with a specimen stored in a collection, it is displayed on 
the left side of the screen. The picture can be enlarged or 
displayed in fullscreen mode. If there are more scans or 
photos of a specimen, they can be viewed one at a time. 
The right side of the screen presents information about 
the specimen. There is also a preview of the location 
on a map where the specimen was harvested and the 
information about citations in scientific papers. The list 
of specimens can be downloaded as a file in XLS, XLSX 
or CSV format with the functionality that is enabled for 
login users only.
 Complementary to the simple search engine, spe
cialised engines are also accessible for logged users and 
offer three search perspectives: (1) Simple – selected 
number of fields with the possibility of defining the 
search area on the map; (2) Extended – enables the 
selection of a number of fields of user interest where 
fields can be defined as inclusive and exclusive (Fig. 
2); (3) Advanced – allows the user to freely define the 
searched fields and combine them into logical AND, 
OR and NOT formulas.
 In the specialised search, only Latin names of 
plants, fungi and animals and higher systematic units 
are exa mined.  The specialised engine results are 

Fig. 1. The specimen details view
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similar to those of the general search results, but two 
additional tabs are presented: (1) Map – cartographic 
presentation of the found specimens on a world map; 
(2) Report – presentation of search results in aggregate 
form.
 Another way of searching for data is to browse the 
database by systematic classification or by collections; 
sets of specimens are organised by systematic groups, 
region of origin, or collector's name by the FBAMU. 
The systematics view presents a tree of taxonomic units 
along with the number of specimens of a given unit in 
the database. This allows easy orientation in the con
tent of the database and access to the specimens in the 
selected branch of the systematic tree. The collection 
view is organised in a very similar way; after selecting 
the type and kind of a collection, one can browse the 
specimens that are part of it.

3.1.2. Multimedia browser

 Multimedia data in the form of images, films, maps 
or sound recordings may be associated with the deposi
ted specimens (e.g., a scan of a herbarium page) or may 
be independent of the specimens (e.g., a photo of a 
habitat) and form a multimedia database complementary 
to the deposited specimens. Searching for multimedia 
materials is possible using the following fields: title, 
author, photo number, country, protected area, and date. 
The photos are presented in the form of thumbnails, and 
once selected, the large photo is shown on the right side 
of the screen with related information below (Fig. 3). 

The photo can be zoomed in to view the details. All at
tributes of the media material are presented next to the 
photo. It is possible to select any pair of photos from 
the database and compare them by displaying them side 
by side.

3.1.3. Remaining search engines

 In addition to specimens and multimedia files, the 
collection database also includes information on sam
ples (e.g., soil samples), bibliography, and educational 
presentations.
 Soil is the habitat of many different species of ani
mals that live both in the ground and on the ground. 
The result of soil sample testing is the identification of 
the specimens about which the information goes to the 
taxonomic database. There are still unidentified speci
mens in the soil samples that may be tested in the future. 
The advanced search engine is used to search such soil 
samples, which enables the selection and specification 
of the selected fields.
 The AMUNATCOLL IT database enables the storage 
of information on bibliographic sources in which data 
on specimens from the FBAMU collection were cited. 
A dedicated search engine was prepared for searching 
this part of the database. The search can be carried out 
according to the following criteria: citation, authors 
and editors, year of publication, title of publication, 
keywords and publication type.
 A very interesting solution used in AMUNAT
COLL IT is the possibility of generating educational 

Fig. 2. Extended search engine view
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presentations. They are created on the basis of one or 
more specimens from the database with the possibility 
of adding a related description. Educational presen
tations explain the biological aspects of a given group 
of organisms  and are intended for different groups of 
users, including students, officials, and nature lovers. 
The links to the presentation are gathered on one or more 
pages, enabling browsing and selecting the appropriate 
one.

3.2. BioGIS tools

 Based on the textual description of the specimen 
locations, all records have been geotagged; i.e., their 
geographic coordinates are determined (Nowak et al. 
2021). This enables spatial analysis using GIS tools 
built into the portal. Seven BioGIS tools (from the 
Geographical Information System of Biodiversity) 
have been implemented in the AMUNATCOLL portal. 
This solution enables users to perform online geopro
cessing. Each devised tool considers the specimen 
location represented by a point and brings the outcome 
map.
 The map functionality is supported by a toolbar con
sisting of the following functionalities: (1) a specimen 
search engine as a required step for map preparation, 
(2) map settings enabling the personalisation of the map 
style and the use of labels for specimen localities on the 
map, (3) map description (i.e., map title and author). 

Moreover, apart from records of the AMUNATCOLL 
IT database, the user is welcome to show their own 
observations collected in the field experiments with 
the AMUNATCOLL IT mobile application on the map. 
This functionality is available in the separate part of 
the portal called “My observations.” Furthermore, the 
“Thematic Layers” toolbar functionality makes it pos
sible to display  predefined layers, such as a UTM grid, 
countries, and nature conservation areas. The “User 
layer settings” functionality is dedicated to persona
lising the style of point, polyline and polygon layers, 
which can be added on user demand as an additional 
space for creating new features on the map. All layers 
created by the user can be exported in the GeoJSON 
format. The user is allowed to import his or her own 
spatial data through KML (2021) format and add new 
Web Map Services (WMS 2021). These two functiona
lities are called “Save layers/Add data.” When all steps 
leading the outcome map are applied, the “Save Map” 
template functionality can be used. The last functiona
lity, “Manage map tools,” enables the display or hiding 
of useful features, such as map scale windows, zoom 
slider tools, basemap managers, specimen labels, and 
map exports for filing or drawing tools.
 Several types of map preparation can be distin
guished depending on the purpose they are used 
for. Therefore, a few methods were proposed for 
visua li sing  the AMUNATCOLL IT database data 
and user observation data. The first approach to map 

Fig. 3. The result of the multimedia search view
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preparation, dot distribution, allows the visualisation 
of the spatial distribution of each specimen location 
regardless of the scale level used (Fig. 4a). The second 
tool, the area class map, allows users to present the 
distribution of specimen locations using the approach 
of the pre sence/absence data within several types of 
base areas, such as the UTM grid or countries (Fig. 
4b). The third tool is the choropleth map, which enables 

users to prepare  the distribution maps where a set of 
predefined areas is coloured in proportion to a statisti
cal variable that represents  an aggregate summary of 
a geographic characte ristic within each area, e.g., the 
number of specimen individuals (Fig. 4c). A more 
extensive version  of the choropleth map presents the 
diagram map as the next example of BioGIS tools. This 
tool makes it possible to use the pie charts within the 

Fig. 4. Maps of the Epipactis genus performed by BioGIS tools
Explanations: a – dot distribution map, b – area class map, c – choropleth map
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choropleth map (Fig. 5a). The consecutive tool, the clus
ter map, enables a presentation of specimen localities as 
clusters of points. The size and the number of clusters 
depend on the abundance and spatial scale applied to 
the map (Fig. 5b). The opportunity to visualise the dis
tribution of specimens using their attributes is possible 
because of the tool calling the attribute grouping  map 
(Fig. 5c).

3.3. Statistical analysis

 The statistical analysis tool enables users to present 
their search results in an aggregated form considering 
that the report aggregation can be made by any defined 
field. The result is presented as a table showing the per
centage distribution of specimens against the selected 
field. It is allowed to define multiple aggregation fields. 

Fig. 5. Maps of the Epipactis genus performed by BioGIS tools
Explanations: a – diagram map, b – cluster map, c – attribute grouping map

Biodiv. Res. Conserv. 65: 4967, 2022
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The report against the next aggregation field is shown as 
a consequence of selecting the downstream aggregation 
row. It is possible to present the results as a pie chart or 
a bar chart (Fig. 6).

3.4. Exporting data

 The portal data are made available on an open access 
basis. Users have access to uptodate, open, searchable 
data, with the exception of data that are related to the 
physical storage organisation of specimens. Wherever 
required by law, the exact location of the collection 
site is also restricted (e.g., for protected specimens). It 
is worth noting that data are made available using an 
open data format for registered users only. The data that 
can be retrieved by users using the portal including the 
following: (1) a list of taxa resulting from the search in 
CSV, XLS or XLSX format. For performance reasons, 
data export is limited to 10000 records; (2) a list of 
taxa from aggregated reports in CSV, XLS, or XLSX 
format; (3) prepared maps in PNG format; (4) user 
layer points on the map in KML or GeoJSON format; 
(5) photographs in JPG format; (6) other multimedia 
materials, e.g., audio or video files; (7) albumbased 
presentations in PDF format.
 The ability to download data in an open format en
ables processing using other, unrelated software of user 
preference. This may be highly desirable when the user 
uses a different application on a daily basis or when it 
is required by the nature of the work.

3.5. Data modification

 The AMUNATCOLL IT portal integrates functiona
lities for users and for data administrators. Users with 
the data editor role are able to use the portal to gener
ate new specimen records and modify them. It is pos
sible to add a new record or to import a set of records 
from exported spreadsheet files. The form of specimen 
details in view mode can turn into edit mode, where a 
modification of attribute values is feasible of a single 
record straight in the portal (see edit switch in Fig. 1). 
Edit mode is also available in the statistical results view, 
where the editor can correct attributes for many records 
at the same time. Another option for a mass update is 
a spreadsheet import tool used in update mode. All 
specimens adding and modifying operations go through 
a validation procedure to verify that the data are compli
ant with the metadata specification.

3.6. Portal administration

 The user with the highest privileges is allowed to use 
the administration interface of the AMUNATCOLL IT 
portal. This includes access to statistics about the use 
of the portal, tools for managing user roles, and tools 
for importing and editing data. For all data types in the 
AMUNATCOLL IT database, including specimens, 
samples, multimedia materials, and bibliography, it is 
possible to edit any field describing a given record. For 
the sake of correcting values for multiple records, one 

Fig. 6. Statistical analysis results for the genus Epipactis
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is able to use the collective editing mode. In the “Ana
lytical Reports” tool, the offered functionality enables 
changing in the search results the corresponding value 
of the aggregation criterion. It permits a specific value 
of many records, for example, a typo in the name of the 
author, to be corrected at a single step.

4. Mobile application

 The idea of the mobile application was devised based 
on the analysis of the needs of target groups, where 
the overriding value was to increase the involvement 
of target  groups in the interaction with the AMUNAT
COLL IT system. The developed concept allows you 
to create and save observations conducted in the field 
and export them to the AMUNATCOLL IT database. 
This information becomes available from the portal 
level, which in turn allows for their editing and the use 
of existing  analytical and georeferencing tools. Using 
this approach allows increasing the involvement of 
target  groups, as well as reaches external users who 
utilise the AMUNATCOLL IT system by creating their 
own collections of specimens and other natural observa
tions.
 Data collected in the field, e.g., information on the 
locations of plants, fungi, and animals, are described 
with a birth certificate and documented with a photo. 
After conducting the export procedure, the data are 
stored in the AMUNATCOLL IT system in the user's 

private space, which ensures their separation from the 
main database containing only verified information 
about specimens and natural objects deposited at the 
FBAMU. Data from a private database are available 
only to their owner; however, after consent is given and 
the appropriate verification procedure is completed, they 
can be included in the AMUNATCOLL IT database. 
This is possible because the structure of the data col
lected in the mobile application is consistent with the 
target AMUNATCOLL IT metadata structure.

4.1. Creating a project

 The mobile application uses the principle of a project 
that allows you to group your observations within one 
set, which favours better organisation of the collected 
information. The project itself is equivalent to a direc
tory in the operating system. As part of the created 
project, the application user adds further observations. 
The scope of the fields to be completed is defined at the 
initial stage of creating the project. The field can be a 
simple text input field, but it can also be a more complex 
field, e.g., an editable selection list or a field defining a 
location of the object.
 The first operation the user needs to do is to create an 
empty project, name it, select the number of applicable 
fields, which they can edit later on when gathering in
formation on the observed object, as well as the optional 
default location for the observations in the project (Fig. 
7a). The fields for a detailed description of the object 

Fig. 7. The process of creating field observations using the AMUNATCOLL IT mobile application
Explanations: a – project configuration as an initial stage of creating observations, b – creating an observation with attached photos, c – using the map com
ponent to set the exact location of the object
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are divided into 4 sections: common fields (aka header), 
taxonomic fields, fields related to habitats, landscapes, 
phenomena or natural processes and research trial fields. 
A corresponding tooltip is prepared for each field to 
guide the user to properly fill in a certain field (Table 2).

Table 2. Parameters and tooltips of the observation form in a mobile application

Field name Tooltip

Observation name Name of observation assigned by author

Observation id Observation id assigned by author
Type of observation Collected specimen / photo / note
Author of observation Possibility of adding successive persons
Date Date of observation
Longitude Longitude in decimal notation
Latitude Latitude in decimal notation
Altitude Height above sea level in meters
Location e.g. name of locality, street; distance from road, lake
Habitat e.g. deciduous forest; pine forest; moist meadow, xerothermic sward

Area of observation e.g. area determined on the basis of standard measurement or derived from tool 
measurement “measure area”

Plant/vegetation coverage e.g. percentage coverage of tree, bush layer, layer of herbs as well mosses and 
lichens 

Remark Working area of author of observations
Species name e.g. common pine, Pinus sylvestris
Quantity e.g. 10% or 2.2 in BraunBlanquet scale
Gender e.g. female, male individual, monoecious
Age e.g. 5 years
Phase e.g. nymph, larva, seedling
Dimensions/Measurement e.g. 33 cm
Natural habitat e.g. Natura 2000 habitat with code
Other objects e.g. brickyard, church
Persons Names of persons shown on photograph
Description e.g. photograph title, key words describing content of photo
Sample number A figure used to show the position of a sample in a series
Location/plot Exact place where samples were collected
Type of sample Qualities and features of the sample
Method of collection The way in which samples were collected

Merocenosis A part of a biocenosis consisting of a group of organisms inhabiting a certain section 
of the natural environment

Type of merocenosis Qualities and features of merocenosis

Merocenosis host An animal species whose body and habitat are a merocenosis inhabited by other 
organisms

Merocenosis position in relation to the ground The distance and positioning of an object relative to the ground surface

Merocenosis type of bird nest The characteristics of the bird nest

Dead wood merocenosis: extent of decay The degree to which dead wood has already rottened

Merocenosis diameter of tree trunk The measurement of the tree trunk in the centre

Merocenosis length of tree trunk The measurement of the tree trunk from one end to the other

Merocenosis species of tree The typical characteristics of the tree

Sample humidity The amount of water in a sample

Additional information Supplementary description

4.2. Gathering information on observed objects

 The interface of the mobile app has been designed 
to meet the user’s basic expectations working in the 
field. In the AMUNATCOLL IT mobile app, the user 
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is requested to fill up a minimal, desired number of 
attributes (Fig. 7b). Some fields of the form may be 
completed automatically, e.g., date and author of the 
observation, observation ID or GPS position. It is also 
possible to automatically rewrite data repeated in sub
sequent observations.
 The app provides customised controls or entire 
views to store even more complex data types in the 
easiest way. To exemplify how location coordinates of 
observed objects are delivered to the system, let us fol
low regular user procedures. As mentioned above, the 
position is one of the properties automatically detected 
and saved. Sometimes we face the situation when the 
current position that the user (mobile device) is located 
in does not correspond to the position of the observed 
object. In this case, the user needs to point the location 
on the map using the full screen map component. There 
are two options supported by the app to find a solution: 
use the default project location if it was set while the 
project was created and read the position from the EXIF 
metadata of the photos. It is a user’s choice where one 
of the location sources is most accurate for a given case. 
The third attainable solution is to tap on the map and 
mark the location where the object was observed (Fig. 
7c). If a more advanced GPS source (e.g., an external 
device) is available rather than a receiver included in 
the mobile device, there is a possibility to easily enter 
the latitude and longitude into proper fields of the form. 
Two notations are acceptable: decimal or classic with 
degrees, minutes and seconds. The app will translate 
the units under the hood. Furthermore, to improve 
the orientation on the field, the app offers extra WMS 
overlays, which can be simply added to the base map.
 Another feature offered by the application is tracking 
the path that the user follows for their work. Once the 

user turns this option on in the project configuration, the 
location change is stored and shown as a route on the 
preview map of the list of observations and on the map 
component of the object under information collection.  
The user of the AMUNATCOLL IT mobile app is able 
to attach multiple pictures to the observation. Another 
possibility for taking notes is a voice recorder. It is worth 
mentioning that all the media created in the mobile app 
could be easily exported or shared with other apps. 
An example is the use of an external plant recognition 
application based on photos imported from the AMU
NATCOLL mobile app.

4.3. Data export from the mobile application 
to the portal and their processing

 Data collected in the field using the mobile applica
tion can be analysed using the tools implemented in the 
AMUNATCOLL IT portal. The data export procedure 
allows you to transfer both individual observations and 
entire projects. This process is completely under the 
control of the user (Fig. 8).
 The first step is to create a project on server (1). 
In response, the application receives a remote project 
identifier (2). The program then performs another 
observation  in the project, sends the data from the form 
(3), and obtains the remote observation ID (4). Then, 
all media files are uploaded to the server (5). Assuming  
the result (6) of uploading the last media file in the ob
servation is successful, the observation is available for 
further work in the “My AMUNATCOLL” section of 
the IT AMUNATCOLL portal. In the event of a techni
cal error during the upload process, the work chain is 
saved, and the background engine tries to continue the 
process later.

Fig. 8. Sequence diagram showing the process of uploading data from the mobile application to the portal
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4.4. Mobile data in My AMUNATCOLL

 “My AMUNATCOLL” represents the part of the por
tal functionality that allows users to create and manage 
their own, private space and populate them with the data 
harvested in the field research. It is also a specific place 
on the portal where the user may store albums and maps 
designed upon both AMUNATCOLL and private data. 
This part of the portal is available and operated exclu
sively to registered users. Field observations made on 
the mobile device are transferred to a separate database, 
which is available through the portal in the section “My 
Observations”. This information is independent of the 
data that make up the AMU natural history collection 
database and is only reachable to a user and authorised 
persons. The “My Observations” view contains a list of 
projects and their constituent field observations added 
using the mobile application. The user of the portal 
has the possibility to compare their own observations 
with images originating from the AMUNATCOLL IT 
database and present them on a map. It enables conduct 
analysis where the user’s own observations are shown 
against the distribution of specimens from the main 
database.
 On “My Albums”, users can create their own data
sets. They can include specimens taken from the taxo
nomic database, multimedia materials coming from the 
iconographic database, and user observations (Fig. 9). 
Such a personalised assemblage permits quick access 
to interesting content and makes the preparation of 
educational presentations possible.

5. Graphical and WCAG aspects

5.1. Graphical project

 The graphical design of the AMUNATCOLL IT por
tal meets a number of requirements regarding usability, 
appearance and accessibility. The work on the graphical 
interface began with adopting the assumptions of the 
portal goals, content architecture, defining the audience, 
and then creating a functional model and graphic design. 
A very important task was to understand who the user 
is, what their expectations are and how the website is 
used.
 Users originate from different groups: academics, 
teachers and students, representatives of the state and 
local administration involved in nature protection, 
state services and officials responsible for the protec
tion of species, representatives of nongovernmental 
organisations and simply nature fans. Their needs and 
experiences in using IT solutions differ; therefore, it 
was necessary to design an appropriate UX (user expe
rience) and UI (user interface) so that each user could 
find exactly the content they expected.
 According to the UX rules, it was necessary to 
anticipate the steps taken by users to gain access to 
functionalities or information, also known as the user 
flow. The content of the website is available for people 
who are not logged in, as well as for users who need 
additional information and functionality available after 
logging in. Both of these groups have a defined path 
to access information. Most of the pages are available 

Fig. 9. View of ‘My albums’ presenting the user's own datasets
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from the top menu, whose structure was intuitively 
implemented.
 Another principle made in the AMUNATCOLL IT 
portal concerns appearance. It must be considered that 
the portal serves both its content provider and recipient. 
This goal is achieved by using an appropriate colour 
palette. A wellchosen colour palette enhances a posi
tive impression of using the website. Complementary 
colours create balance and overall harmony. Using 
contrasting colours for the text and the background 
makes it easier to read. The website uses the whitespace 
principle – “white space”. Whitespace is a space that 
separates the elements of a website. Empty spaces have 
a very positive impact on the reception of content on the 
AMUNATCOLL IT portal. First, they give the impres
sion of spaciousness on the site, and thus, eliminate the 
feeling of tightness between the individual elements of 
its content. Because we use additional spaces, they are 
much more readable. Whitespace highlights the most 
important parts of the page and allows the reader to fo
cus their attention on them. One such element consists 
of the calltoaction buttons on the home page in each 
module. Forms and advanced search engines are located 
in empty fields. This increases the chances that they are 
noticed and filled.
 The graphic design of the subpages is prepared in 
accordance with the expectations of the Google search 
engine and the expectations of the user. The developed 
subpage template includes the header with the page 

title, the lead text introducing the page content and the 
actual content, where the text blocks are divided with 
graphics. In addition, when designing the pages, we 
consider SEO requirements (SEO 2021).
 The AMUNATCOLL IT portal is designed in ac
cordance with the responsive web design rule, so it has 
been designed and coded in such a way that it works 
and looks satisfactory regardless of the screen resolution 
from which it is viewed. The portal is prepared for proper 
operation on a large monitor, tablet or smartphone. Re
sponsive web design makes the user find and easily read 
all the information they are looking for without the need 
to reduce or enlarge individual elements of the portal.

5.2. Portal usability tests

 To verify that all the defined design rules are correct
ly implemented in accordance with their goals, usability 
tests were carried out. The purpose of the usability  test 
was to check the intuitiveness of using the user interface 
of the amunatcoll.pl portal. The course of the study was 
divided into the following stages: providing informa
tion about the course of the study, completing the first 
part of the form, performing tasks at the computer, and 
completing the second part of the form. The picture 
presented below depicts an exemplary visualisation 
of the heatmap for the selected interface operation. It 
shows the areas that the user observed (focused their 
eyes on) the longest period of time (Fig. 10).

Fig. 10. Heatmap for the specimen search on the map using the BioGIS form for defining parameters
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 It can be concluded from the test outcome that re
spondents:
• Quickly found the search form and the required 

functions (e.g., “search”).
• Expected the button to close the side menu on the 

right side of the modal window with the search en
gine due to the dynamics of the form, i.e., dropdown 
selection lists.

• Used the specimen and multimedia search engines, 
which shows how easy the portal mechanisms are 
to learn (before that, users got to know specimen 
search engines), very well.

• Spent a relatively long time getting to know all the 
options of the search form for statistical reports. 
Its operation was not difficult for the respondents. 
This finding drives us to the suggestion that guides 
explaining available functionality are essential.

5.3. WCAG

 Meeting the Web Content Accessibility Guidelines 
(WCAG 2021) requirements in the project concerns 
the access interfaces on which the user operates. 
They meet the requirements of the WCAG, which 
are vi si bility,  functionality, comprehensibility and 
relia bility. The content on the portal is prepared and 
available to people who have various limitations but 
still want to use the knowledge and the tools offered 
by the portal.
 The functionality increasing the availability of data 
is implemented in both applications constituting the 
interface with the user: the portal and the mobile ap
plication. However, depending on the access interface, 
various solutions are applied to increase the accessibility 
of the content and the services offered to people with 
disabilities. One of the examples is to deliver informa
tion presented on the photo, although the user cannot 
see or use the mouse but can only use the keyboard, 
enlarge the view of the pages, change their colours to 
be able to see better content, and change the browser 
settings to make the content more readable.
 On the portal, the user can find the declaration of 
the availability of the AMUNATCOLL IT portal, from 
which users can determine to what extent the website 
complies with the requirements of the act on digital 
accessibility  of websites and mobile applications of 
public entities. With respect to the portal, special atten
tion is given to the following:
• Visual adaptation – the ability to increase the size 

of letters and change the contrast of the page.
• Content structure – a clear structure that clearly 

reflects the relationship between its most important 
elements of the website, which makes it easier to 
understand the content presented.

• Keyboard accessibility – the offered functionalities 
are available using the keyboard, which allows 

people who have difficulties operating them in using, 
for example, a mouse.

• The dynamics of the website content – limiting the 
dynamic elements on the website is favourable for 
people, e.g., with impaired cognitive functions.

• Hints in forms – easier understanding of the scope 
of the content entered by the user.

• Descriptions of graphic elements – textual descrip
tion of the graphics makes them easier to read by 
a computer program, e.g., for visually impaired 
people.

 In the mobile application, by operating with the 
system settings, the user enables: adjusting the size of 
the user interface (scaling), adjusting the font size in 
the user interface, colour correction and its reversal, 
screenreader interface compliance and zooming in on 
the selected area of the application.

6. API interface

 API defines a set of rules for how data are exchanged 
between applications. It enables separation of the data 
logic layer from the presentation layer. Access to in
formation stored in the AMUNATCOLL IT database 
takes place via the access interface implemented in 
the HTTP technology. The same interface is used by 
the website and the mobile application. Most of the 
offered functionality is available only to the logged in 
user; therefore, access to individual interface methods 
is secured with the use of JWT tokens.

6.1. Backend API

 The portal implementation consists of two parts 
(Fig. 11). The server part (backend) was prepared in 
the Python language (PYT 2021) with the use of the 
Django programming platform (DJA 2021) with the 
Pandas (PAN 2021) and Gunicorn libraries (GUN 
2021). The browser part of the portal (frontend) was 
prepared in the SPA (Single Page Application) model 
in the JavaScript language using the ReactJS library 
(REA 2021). The BioGIS tools were prepared using 
the GeoJSON library (GEO 2021) on the database side 
and the Leaflet (LEA 2021) and Pixi.js libraries (PIX 
2021) on the frontend side. Communication between 
the frontend and backend is performed using HTTP API 
calls. Query authentication uses JWT token technology 
(JWT 2021).
 The API provides methods for accessing data. There 
are four groups of API endpoints in AMUNATCOLL 
IT:
• Access to data describing specimens, samples and 

bibliography API makes it possible to retrieve in
formation about a single specimen, a sample or a 
bibliography and to search records on the basis of 
the given para meters.
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• Access to multimedia data API allows us to re
trieve information about a single record describing 
iconographic or multimedia materials and to search 
records based on given parameters.

• Access to data created by the user on the portal API 
allows us to create and retrieve information about 
observations, albums, maps, search filters and re
ports.

• The user authentication API allows the user to log 
in, log out and refresh tokens. It is possible to log in 
using the user and password, as well as using external 
authentication services, such as Facebook, Google 
and Apple.

 The API supports the GET and POST requests and 
returns results in the JSON format.

6.2. Interaction among databases

 Another API interface implemented in the AMU
NATCOLL IT system is the one that provides open 
access to selected taxonomic data stored in the database 
that are made commonly available to external entities. 
For this purpose, “BioCASe Provider Software” (BPS) 
was used (Fig. 12), a middleware compatible with the 
“Biological Collection Access Service” (BioCASe 
2021). The BioCASe Biological Collections Access 

Fig. 12. Communication of the AMUNATCOLL IT system with external databases

Fig. 11. Architecture of the presentation system in the AMUNATCOLL IT project
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Service is a transnational network of biodiversity re
positories. It combines specimen data from wildlife 
collections, botanical/zoological gardens and research 
institutions around the world with information from 
large observation databases. Mapping that is developed 
for BioCASe services assures that structures used by 
both sites (BioCASe and AMUNATCOLL IT) are com
pliant.
 The Global Biodiversity Information Facility is an 
exemplary biodiversity database where the records 
will be exported to. It is an international network and 
research infrastructure funded by the world’s govern
ments and aimed at providing anyone, anywhere, open 
access to data about all types of life on Earth. Currently, 
approximately 2 billion specimens are deposited there 
by contributors from all over the world.

7. Conclusions

 In this paper, the overall idea of the AMUNATCOLL 
IT system interfaces is presented. Compared with other 
systems available on the internet of a similar domain, the 
AMUNATCOLL IT solution is found to be competitive 
with respect to the scope of stored data and functional
ity offered for exploring and processing biodiversity 
information.
 The portal, which is the main interface for accessing 
the data stored in the database, offers a number of ad
ditional capabilities that go beyond the simple browsing 
of records. Simplified and advanced searching, statisti
cal analysis, BioGIS processing, records modification 
directly from the portal, extensive administrative func
tions and finally the ability to export data to process 
them independently with external tools involved are the 
main parts of the possibilities offered by this interface.
 A mobile application is a valuable supplement to the 
portal's functionality. It supports effective field work, 
which is, after all, an inherent part of a biologist's work. 
The easy creation of projects according to a specific 
pattern, grouping of observations, various support for 
georeferencing, the possibility of attaching photos and 

voice notes and numerous functions supporting filling 
up the fields define the scope of the possibilities of this 
solution.
 Importantly, the implementation of interfaces with 
which users come into contact is subject to numerous 
requirements and restrictions, which are reflected both 
in the graphic design itself and in accessibility issues 
related to the accommodation of disabled individuals. 
A supplement to the considerations on interfaces is the 
discussion of solutions supporting software communi
cation in the field of data exchange between existing 
databases. There are two solutions of this type in the 
project: the backend API providing functionalities for 
interfaces, such as portal and mobile application, and 
an openly available API allowing for free data exchange 
with external systems.
 Implemented to the AMUNATCOLL IT system 
operational  and programming procedures we prepare 
this solution to accept data from other NHCs. Moreover, 
the AMUNATCOLL IT system, through the resources 
offered, substantially contributes to the global biodiver
sity information network, enriching information about 
the world's biodiversity.
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