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Abstract: DiversityNaviKey is designed as a diagnostic tool in the field of biology and related 
sciences to identify organisms as well as to interactively select other entities and objects related to 
research based on a set of predefined properties. It allows queries on structured sources of 
descriptive data (trait data) to diagnose groups of objects based on combinations of optionally 
modified descriptor-states or values that are selected consecutively during the diagnostic process. 
The Web App is implemented as a single-page application and contains the entire presentation 
logic to dynamically change a pre-generated HTML page in the browser. The content data is 
accessed via a web service as JSON packages. DiversityNaviKey is a progressive web application 
that uses caching mechanisms of browsers, such as Service Worker and IndexedDB. Thus, the 
main tasks are also available in offline mode. The current set up uses the SNSB technical 
infrastructure and data pipelines with PostgreSQL Cache Database and the data management tool 
DiversityDescriptions as backend. The exemplary data sources are from various domains, two of 
them are large datasets from the long-term projects DEEMY and LIAS. 
Keywords: Diagnosis, identification, PostgreSQL Cache DB, RESTful web service, single-page 
application, vue.js, offline use, use cases DEEMY and LIAS 

1 Introduction 

Early web-based identification keys were created by and for fauna, flora and mycota 
experts and ambitious naturalists [NV10, HRM10]. They are embedded as simple 
statically tagged HTML web sites in content management systems or in wiki-based 
community networks. Examples are the early LIAS keys for multi-access identification 
of lichens [Ra97] and the more than 1.100 dichotomous or table-oriented identification 
keys of Offene Naturführer (ON) [Of21, Ha10]. To allow a more responsive presentation 
of text and multimedia content on web servers, various types of browser-based 
applications have been set up with simple query capabilities on an underlying data 
source. In most approaches, the underlying backend structure is adapted to a defined 
domain-specific data schema, the requirements in a specific scientific field and often 
limited on the identification of a single organism group in a given geographical region 
(see FRIDA approach for lichens of Italy [NM20]). 
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Apart from the approaches mentioned above, there are a number of non-domain specific 
tools for advanced queries of highly structured data, either as output from backend 
databases based on a generic data model or by accessing data files structured according 
to the DELTA data coding and exchange standard [CLM10, Da80, DEL21a]. These 
types of generic interactive selection tools (web-based or not) are designed to support the 
identification of biological objects, mainly organisms, but also suitable for e.g. the 
diagnosis of plant and animal diseases, environmental damages as well as the 
recommendation of species for medical or agricultural and forestry use. This can also be 
done from large data sources with categorical or measurement data and different types of 
textual data. Binary data objects such as multimedia files may be included as additional 
resources, e.g. for defining the object representations and traits. Such frontend tools with 
various functionalities and mostly used by taxonomists, have been built on Perl, PHP, 
Java, and ASP [Ra14, Un10]. Examples include the NaviKey Java applet [Na21a, 
Na21b], Open DELTA [Op21], XPER 2, the XPER 3 platform [Xp21a, Xp21b, Xp21c], 
WEBiKEY [ADC16] and the commercial LUCID platform [Lu21].  

2 General background on structured trait data and (bio-)diversity 
items (objects)  

There are a number of theoretical approaches that address the general problem of 
handling and structuring morpho-anatomical and ecological trait data (= descriptive data) 
to finally be interactively selected for diagnostic purposes. Within the last decade, they 
focussed mainly on evolutionary aspects and data integration based on semantic web and 
recognised ontologies (e.g. [Da17, Vo17, Wa14]). 

Authors like Diederich [Di97], Hagedorn [Ha08], Rambold et al. [Ra19] and Harjes et 
al. [Ha20] discussed the conceptual and logical structuring of descriptions, descriptors, 
the definition of basic properties and the creation of concepts to organise hierarchies, 
dependencies, concatenations and other types of relationships between biological and 
non-biological objects and their properties. 

These concepts explain ‘descriptions’ of an item (= entity, = object) through a triple 
structure, namely ’item-descriptor-state’ or ’item-descriptor-value’ or ’item-character-
character state’ or ’entity-attribute-value’. The descriptors (= characters, attributes, 
properties) are not limited to morphological characters and functional traits, but can also 
be physiological, ecological, behavioural and survey parameters, molecular descriptors 
and descriptors of data content schemes. The descriptor-states or values that make up the 
item/description can be generalized to one of several data types (categorical, numeric, 
textual and other more specific ones). This term ‘backbone’ is used in the following for 
the DiversityNaviKey functions for the interactive selection of trait data and for 
DiversityDescriptions functions to store highly structured trait data [DD21].  
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In general, natural objects or items, especially from the field of biodiversity and 
geosciences, are circumscribed by various knowledge organization systems, such as 
terminologies, ontologies, categories, and classifications at various levels. Systems for 
categorising organisms are traditional taxonomies based on coding by taxon names to 
classify them according their nomenclatural status (rules of the International Codes of 
Nomenclature ICN, ICZN, ICNP) and to circumscribe them according one or more 
scientifically recognised taxonomic concepts (see, e.g. [Pu05]). Taxonomic concepts in a 
broad sense include those applied in molecular biology, e.g., that of exact sequence 
variants (ESVs) and operational taxonomic units (OTUs), concepts as applied in 
ecology, e.g. that of ecological functional units (EFUs) or that of ecological guilds, and, 
e.g., those used by citizen scientists with regionally applied vernacular names for 
species. Other biological objects or groups of objects may be named or categorized with 
codes, e.g. environmental samples, products from laboratory work or vegetation units. 
The circumscription of objects or items is a matter of research and taxonomic opinion. 
The same applies to (phylogenetic) classification aspects and the use of ecological and 
environmental vocabulary.  

Against this background, the diagnosis and identification of such objects or entities 
requires highly structured backend data sources. This is further complicated by the fact 
that there are a multitude of recognized vocabularies, terminologies and ontologies 
describing natural objects and items to be identified as well as characters or attributes of 
natural objects addressing their overall diversity. Linking data source items, descriptors 
and states with synonymous terms and recognised terminologies and ontologies needs to 
be organised, e.g., as part of an early data curation measure.  

2.1. Accessing highly structured backend data sources  

Data sources (datasets and databases) in biology vary in terms of data structure and 
content. There are tables and matrices from research studies with a high number of 
structured descriptors or matrices with few characters but numerous categorical states, or 
of a format with textual or numeric data types. The tables vary from small to large and 
the data content is often incomplete and leaves room for interpretation. In consequence, 
each backend data source can be considered a unique source with unique data structure, 
ontology and content. The direct web access to such highly structured backend data 
sources for interactive querying is challenging. It can only be successful and convenient 
if original data is reorganised and provided either via a flattened ‘cache’ database with 
well-documented generic data model or via standardised XML, JSON and CSV files. 
Such files might be standardized according to the TDWG Standard for Descriptive Data 
SDD (for SDD see [SD21], [Ha05], GFBio standards [GF21b] and GFBio type 3 data 
[GF21c]) or structured according to the DELTA data format and standard [DEL21a] as 
consumed by the DiversityNaviKey predecessor software, called NaviKey [Na21a]. 

The current set up for the new interactive DiversityNaviKey selection tool manages the 
access to highly structured data sources from various biological and environmental 
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domains via a web service and a PostgreSQL cache database as described in chapter 3. 
The highly structured data sources are primarily managed in MS SQL database 
installations of DiversityDescriptions with features to import and export SDD and 
DELTA files (see chapter 3.6). The ‘flattened’ PostgreSQL cache database for web data 
access is organised by DiversityDescriptions data pipelines (see chapter 3.4, 3.6). 
Several use case datasets are described below (see chapter 3.7). 

2.2. Constructing queries for interactive selection 

Constructing queries for interactive selection of the various types of descriptors has to 
fulfil special requirements [Ha08, Ha10]. For certain types of industrial products, it can 
be assumed that the characters of individuals of a series are uniquely defined and 
identical to other individuals and, accordingly, the specification of a query is fairly 
unambiguous. In such ‘ideal cases’, the predefined specifications of descriptor categories 
can be linked by AND (and more rarely OR) operators and the numeric values exactly 
defined and queried by ‘=’ or ‘≠’. In text search, fuzzy search logic is usually not 
required. While industrial products as objects can often be fully represented according to 
a given scheme of descriptors and complete data entries, biological items or objects from 
other disciplines of natural sciences in backend data sources are often incompletely 
represented due to deficiencies in the available field or laboratory data and proprietary 
schemes. These reasons make the diagnosis and interactive selection process for most 
types of items from the biological domain challenging. The categorical states of 
individual characters, for example, can be often better linked by OR (and more rarely 
AND) operators. This addresses a more flexible and subjective user view on descriptor-
states or values. For numeric characters/descriptors, it is also advisable to distinguish 
upper/lower ranges of values from their extreme values.  

In addition to functions for identifying biological objects, there should also be functions 
for text search that follow the logic of fuzzy search. Finally, it is desirable to have two 
query modes, namely a retrieval mode and a diagnosis mode, which differ according to 
how missing data is handled. 

In general, the processes ‘diagnosis’ and ‘identification’ have to be supported with 
maximum user guidance and flexibility. For instance, it must be possible to save the set 
of criteria in order to be able to document all or part of the process. Furthermore, each 
step of an interactive selection should be flexible enough to allow the query conditions to 
be changed. 

The software application described below is primarily aimed at professionals interested 
in object identification. Depending on the available data sources (see some use cases 
below), these may be flora, mycota and fauna experts, curators in (culture) collections, 
or experts e.g. in taxonomy, ecology, plant pathology, pedology and mineralogy. 
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3 Technical description of DiversityNaviKey identification software 
application and services  

The web app DiversityNaviKey (DNK) is realised to identify organisms or other objects 
that are part of or related to bio- and geosciences research by means of predefined 
characters or descriptors.  

A descriptor can be seen as a feature of an object with one or more states and values. 
Predefined descriptor-states describe objects and groups of objects or entities by 
descriptor-states as being values. DNK web app allows interactive queries on those 
structured sources of descriptive data, where the user consecutively defines descriptors 
and states as values either by selecting predefined options (categorical type) or by 
entering the values (textual and numerical types). An example is described in the section 
‘Data types and interactive query description’. 

DiversityNaviKey is a reimplementation of the Java applet and offline usable application 
NaviKey [Na21a] (in the latter version also integrated in the Diversity Navigator 
database client [DN21]). Primarily, DNK is designed as a Diversity Workbench (DWB) 
tool [DW21a] that uses DWB data pipelines as step up at the SNSB IT Center. This is 
described in detail under ‘Diversity Workbench data pipelines with 
DiversityDescriptions as the backend data source’. 

3.1 Progressive Web Application 

DNK is designed and implemented as a ‘Progressive Web Application’ (PWA). A PWA 
is a web application providing a native app-like experience through the browser itself. It 
combines web page and native app capabilities and, unlike a native app, is independent 
of operating systems or devices. The pages are responsive and adjust to the respective 
end device (desktop, tablet, smartphone). Modern browsers enable PWA functions with 
technologies like Service Workers and IndexedDB, opening up a new way for writing 
app-like web applications by supporting offline use and installation without an app store. 

3.2 DiversityNaviKey architecture 

The architecture of DiversityNaviKey is shown in Fig. 1. On the one hand there is the 
frontend with the web browser running the DiversityNaviKey PWA, on the other hand, 
there is the backend with a web service that delivers the data from a database to the web 
app and the installed web application that contains the entire view and logic of the DNK. 
The web app not only presents the view, but also contains the functionality of the search 
and filter methods. A web service gets the requested data from the database and sends it 
to the web app in JSON format. In an initial installation and implementation of DNK at 
the SNSB IT Center, the data comes from existing data sources managed via 
DiversityDescriptions. This software has the functionality to pre-process and transfer the 
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data into a PostgreSQL CacheDB. A detailed description of this process is given in 
chapter 3.6. The web service requests the data and converts the response into JSON 
packages that can be used by the DNK app. It works as a service for accessing different 
data sources of the CacheDB. All data sources defined in the web service are 
automatically read out by the DNK and provided in the database selection dialog of the 
web app. The web service is explained in the ‘Backend’ section. The data format and 
structure as well as the minimal requirements of the CacheDB data sources will be 
provided along with the source code (autumn 2021, information under [DNK21]). The 
DNK web app is designed as a generic tool, where the web service may be replaced by 
other web services fulfilling the interface. 

 

 
Fig. 1 DiversityNaviKey: Frontend (web browser) with Progressive Web Application (PWA) and 

backend (server) with web service and web application 

3.3 Frontend 

The DiversityNaviKey web app is a single-page application (SPA). SPAs are web 
applications that require only the loading of a single, pre-generated HTML page. This 
page contains the entire presentation logic for dynamically changing the page in the 
browser. The first time the DNK is called up in a browser, a request is sent to the server 
web application. The server responds with all the information of the app (HTML, JS, 
CSS). DNK includes a service worker that is installed the first time it is called. The 
service worker checks for updates of the app and enables offline use of the app by 
caching it (Fig. 1). The content data is retrieved via a web service and stored in the 
browsers IndexedDB. 
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Framework Vue.js 

Various JavaScript frameworks exist for the design and creation of user interfaces for 
single-page applications (SPAs), such as Vue.js, React and Angular. For the 
development of the SPA DiversityNaviKey, the Vue.js framework and its standard 
tooling Vue CLI are used [Vu21a].  

The Vue.js framework is an open source front-end JavaScript framework. It is very 
popular (185k stars on GitHub https://github.com/vuejs/vue, as of June 2021) and was 
originally written by Evan You and the open-source community. Vue.js was developed 
by taking the most popular ideas of frameworks like Angular or React. It is lightweight, 
flexible and easy to get started with. Vue.js is not backed by a huge corporation like 
Angular (Google) and React (Facebook), but is entirely community-driven. 

To provide the features of a Progressive Web Application (PWA), the plugin cli-plugin-
pwa was added. Based on the Vue core library, DiversityNaviKey uses the Vue Router 
[Vu21b], Vuetify [Vu21c] and Vuex [Vu21d] libraries. The Vue Router library is the 
official router for Vue.js, used to navigate between the different Vue components of the 
page. The Vuetify library is a complete UI Library developed according to the Material 
Design Specification [Ma21]. The Vuex library is a state management library. It serves 
as a global singleton, a central data store for the shared data of all components. It is 
reactive and has rules for state changes to ensure consistency of data. 

Data access and offline support 

After starting DiversityNaviKey, a data source can be selected from a list of available 
data sources. The current setup on the server infrastructure of the SNSB IT Center 
provides six exemplary data sources (Fig. 2), two of them, LIAS light [LI21] and 
DEEMY [DEE21], are described below. This list of data sources is queried via a web 
service. The architecture of the REST web service is explained below. It provides all 
data for a selected data source as JSON packages.  

Modern browsers support Service Worker and IndexedDB to enable offline support of 
PWAs. DiversityNaviKey uses a Service Worker for caching the application’s static 
assets and IndexedDB for caching the content data received via the backend data sources 
(Fig. 1). Since all logic and functionality is implemented in the PWA, the functions of 
the application are also available in offline mode. Users can choose between different 
data loading modes in DNK. In online mode, the web app always loads the data via the 
web service so that the data is always up to date. The online-first mode offers the 
possibility to access the browser’s data cache after a failed data connection. Conversely, 
the offline mode accesses the cache, which speeds up the loading of data at the 
beginning and avoids repeated downloading of data over the network. In offline-first 
mode, the remote data is accessed when no data is available in the cache. The limitations 
and dependencies of the browser are discussed in chapter 4. 

DiversityNaviKey Web Application 523



 

Dagmar Triebel et al. 

 
Fig. 2 DiversityNaviKey: User interface with picklist of available data sources (screenshot of test 

installation) 

3.4 Backend  

Web Service 

The single page app needs a web-based endpoint from which it can retrieve data. This 
endpoint is provided by a REST web service. REST (representational state transfer) 
means a stateless service that uses the HTTP protocol to deliver data to the calling web 
application. The resources available in the web services are addressed by URLs and the 
data is delivered in JSON. The implemented web service is the connection between a 
database and the web application. It translates the data into the required JSON format. 
The database backend is a PostgreSQL installation. The tables in PostgreSQL are 
preformatted to minimize the query overhead of the web service. This optimization is 
part of the data transfer from the DiversityDescriptions database to the PostgreSQL 
database. The web service is used as a defined interface for the web application to 
retrieve the data from the PostgreSQL cache database. As the web application contains 
all the functionality the web service is reduced to deliver the data only. It has no 
capabilities to query or filter the data.  
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Since the web service serves only ‘quasi’ static read-only data, the service’s responses 
are extensively cached to reduce response times. The responses follow the json:api 
recommendations in such a way that all data is stored in a JSON ‘data’ dictionary and 
the pagination links in the ‘links’ dictionary. The pagination was implemented to avoid 
sending too large data packages to the application, which could hinder the web app’s 
responsiveness. All responses are transparently compressed over the HTTP transport. 
This is important when the web app is used without a stable internet connection and 
when internet bandwidth is limited. The web service endpoints are structured 
hierarchically to provide meaningful URLs. The endpoints are documented according to 
the OpenAPI specification. 

The web service is implemented in Python using the Flask framework as an uWSGI 
service. It can be deployed on almost all current operating systems and can be used 
standalone or behind a web server such as Apache or Nginx. 

DB 

The database in the backend is a PostgreSQL database that is only used as a cache 
database (CacheDB). The CacheDB is not used for data management. In the DNK 
installation in the SNSB IT Center (Fig. 3), this CacheDB is filled by the 
DiversityDescriptions software. This data pipeline is explained in detail in chapter 3. The 
minimum requirements and the database scheme will be published and made available 
together with the source code of DNK (autumn 2021, information under [DNK21]). 
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Fig. 3 DiversityNaviKey: Frontend at user side and backend with data processing at the SNSB IT 

Center: Web App, Web Application, Web Service and DWB Databases 
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3.5 Data types and interactive query description 

Data types 

Objects or groups of objects are described with a descriptor-state-value triple. The 
descriptor can mean a feature, property, symptom, etc. The descriptor can be categorical, 
numeric and textual. The states are the different possible manifestation of the descriptor 
and stand for categorical values. 

Interactive query 

The web app DiversityNaviKey implements and offers various sorting and filtering 
options. The application does not use a backend for this filtering process. In order to 
optimize the query and enable a fast and efficient search within the frontend, the data 
stored in the CacheDB and retrieved via the web service is structured by pre-processing. 
For each descriptor-state pair, a list with all associated objects is stored. On the one 
hand, this can be used like an index to speed up the search, on the other hand it is 
suitable for a filtering approach, the so-called faceted search/navigation. This faceted 
navigation guides the user through his search. In each step, only the currently available 
options are displayed, and those that would lead to dead ends are eliminated. This 
minimises the likelihood of null results. Most website implementations with such multi-
select filters concatenate different facets conjunctively (AND), while values within a 
given facet are applied disjunctively (OR). This query mode is the default query in DNK.  

Fig. 4 shows an example of an interactive query using the LIAS light dataset (a 
description of this data set follows below). In the first step shown, the descriptor 
‘secondary metabolites compound’ was selected. A dialog opens to select the states, in 
this example ‘gyrophoric acid’ and ‘stictic acid’. The second screen shows all the criteria 
selected so far. By default, the DNK links the different descriptors, like ‘ascospores 
septa kind’ and ‘substrate kind’ with AND, i.e. all descriptors must match the specified 
state values, while the states within a descriptor, such as ‘stictic acid’ and ‘gyrophoric 
acid’ are linked with OR, i.e. one of the two must match. The example query results in 
seven remaining matches (see Fig. 5). These results can be listed and each of the results 
can be selected to see all the detailed information. 
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Fig. 4 DiversityNaviKey: Query user interface with LIAS data (screenshot of test installation, 

query for mobiles) 
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Fig. 5 DiversityNaviKey: Result user interface with LIAS data (screenshot of test installation, 

result for mobiles) 

 

As this kind of search does not cover all user requirements, DNK allows the settings for 
the AND/OR group to be changed. This opens up further query and retrieval options, 
such as an even more restrictive search by combining the values/states within a 
descriptor/facet conjunctively (AND) or extending the search for more results by 
applying the descriptors disjunctively (OR). Furthermore, the combination of different 
AND/OR groups within a single search is possible in the extended query mode.  

This type of search and filter approach covers the requirements of biologists who, on the 
one hand, want to identify natural objects with unclear and fuzzy features and, on the 
other hand, rely on descriptive data sets with incomplete and subjective data entries that 
are the result of interpretation by the data creators. 
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Selected query criteria can be saved in JSON format and reused as pre-sets. In particular, 
limiting the dataset to a subset that can be worked with effectively (e.g. a specific set of 
taxa for a specific region, country or continent) is essential in this context.  

DiversityNaviKey separates a ‘query mode’, which treats missing data as a given 
feature, from a ‘diagnostic mode’, which treats missing values as given in case of doubt. 
This ‘tolerance’ option has already been implemented in local diagnostic applications 
such as Intkey of the CSIRO DELTA package [Da80, CLM10]. 

Result list and descriptive information 

The matches or results from a given query are output as a list of matching object names 
in alphabetical order (Fig. 5). In the biology domain with a focus on organism 
identification, these objects are often represented by taxon names for which additional 
information may be displayed as part of the result, e.g. currently accepted taxon names. 
The description data are generated directly from the records. They are represented in 
tabular form (desktop version) or list view (mobile version). In a later version, additional 
information could be well presented by linking to internet sources, as is planned for the 
multimedia object information. 

Multilingualism 

DiversityNaviKey even supports a multilingual approach. In the LIAS light use case, 
content data is provided in more than 20 different languages. Switching between 
languages also affects labels and explanatory texts on the user interface. Multilingualism 
also includes the possibility to provide descriptors and descriptor values of a specific 
language in different levels of linguistic and content precision, from detailed to informal, 
and to select them depending on the context in the application.  

3.6 Diversity Workbench data pipelines with DiversityDescriptions as the 
backend data source  

Both the web service and the web application DiversityNaviKey are installed in their 
prototypic version at the SNSB IT Center (Fig. 3). The backend data sources come from 
a PostgreSQL database with a simple ‘flattened’ data structure, i.e. the 
DiversityDescriptions cache database. This database is a direct backend and is 
dynamically generated by data export, filtering and transformation mechanisms from one 
or more DiversityDescriptions installations [DD21].  

DiversityDescriptions (DWB-DD) itself is a relational MS SQL database application 
with a rich client. It is a component of the Diversity Workbench (DWB) database 
framework [DW21a], which is set up to manage research and collection data in study 
projects. DWB-DD can be installed as part of a DWB environment, but can also be used 
as a stand-alone application. The ten DWB core modules have rich clients adapted for 
interaction with users from biology and related sciences.  
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All modules, except DWB-DD, are based on a specific digital object domain (e.g. 
specimen and occurrence data, taxon data, agent data etc.; DWB – Software [DW21b]). 
DWB-DD, on the other hand, is generic and built on a model corresponding to the Entity 
Attribute Value Model (EAV) [En21], an ‘open schema’. The design and ER data model 
of DWB-DD have been published (see under ‘DWB – Information models’ [DW21c]).  

The DWB-DD rich client has functions for organising research data from environmental 
studies [Ha20] and can be used for curating schema elements [Ra18, Ra19]. It is also a 
tool for taxonomists to manage descriptive data from monographic studies and for 
internal diagnostic purposes. There are functions to import and export SDD- and 
DELTA-structured digital objects [Ha20]. The client is capable of managing character 
hierarchies and dependencies, combining object descriptions (e.g. specimen 
descriptions) into a summary description (‘taxon or species description’) and is ready to 
link knowledge organization systems, e.g. taxonomies available as web services or as 
part of DWB cloud services [DW21d]. Identity and rights management can be set on 
user request. In summary, DWB-DD is well suited to serve as a back-end data 
management system to enrich and optimize data sources in preparation for data 
transformation to DiversityNaviKey. 

3.7 Two use cases of biodiversity datasets from long-term projects 

The prototype version of DiversityNaviKey has been tested and realised with several 
DNK use cases and access to six backend data sources. The content of the datasets is 
shortly addressed on the introductory web page of DNK [DNK21]. LIAS light [LI21] 
(Fig. 4, 5) and DEEMY [DEE21], are by far the largest among them. These data 
originate from two long-term projects with continuous data curation by domain experts 
[Ra97, RA97, Ra14, Ra16, Tr10]. They include two sets of data on morphology, 
secondary metabolism, geoinformation and ecology of mutualistic associations: lichens 
and ectomycorrhizae. Both data sources are comprehensive, with DEEMY being mainly 
based on original data from field and laboratory analysis, and LIAS light on the 
compilation of data from reference literature. LIAS light contains more than 11,000 
species descriptions and DEEMY descriptions of 550 species or taxonomically 
unassigned fungal-tree associations. The data are highly structured, with the LIAS data 
source containing more than 70 descriptors and more than 2,900 predefined values, and 
DEEMY providing 500 descriptors with more than 1,300 categorical values. In addition 
to categorical descriptors, both data sources also contain textual and quantitative 
descriptors. DEEMY uses its own image resources, LIAS uses external resources. 

The data is managed in DiversityDescriptions, quality-controlled and curated with 
respect to current standard vocabularies, taxonomy and classifications, and dynamically 
made available for use with DiversityNaviKey (Fig. 3). Both data sources are not only 
established for diagnostic purposes, but also provide a range of non-diagnostic characters 
for other purposes.	
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The DNK use cases LIAS light and DEEMY will be made accessible via their respective 
web sites. 

4 Discussion and future 

A Progressive Web App like DiversityNaviKey is a web application that provides an 
app-like experience through the browser. Unlike native apps, it is independent of 
operating systems and devices, but depends on the browser’s capabilities of supporting 
PWA features such as Service Worker and IndexedDB. Popular modern browsers 
(Firefox, Edge, Chrome, Safari) support the Service Worker API (see 
https://caniuse.com/serviceworkers; June 2021), which enables offline support for the 
PWAs. DNK uses the browser’s Service Worker for caching the web application 
(HTML, JS, CSS). The browser’s IndexedDB is used to cache the content data from the 
web service. If a browser does not support the IndexedDB for data storage, e.g. if private 
browsing mode is selected, DNK can still be used in online mode. Since browsers have 
their own tools to calculate and keep track of memory and remove data if necessary, in 
rare cases the browser itself may delete cached data. In such cases, the user must go 
online before the web app can be used in offline mode again. The descriptive 
information of all items in DNK may be a large dataset, e.g., LIAS light with 
approximately 11,000 taxon descriptions. Therefore, DNK does not load and cache this 
data by default, but the user is offered an alternative option to do so.  

DNK is implemented by using the popular open source Vue.js framework, which is 
supported by a strong open-source community. Only highly supported and maintained 
libraries (Vue Router, Vuex, Vuetify) are used as extensions to the core Vue.js 
framework to ensure future support. The DNK web app is designed as a generic tool that 
provides the possibility to integrate different data sources via the web service. There is 
also the possibility to extend the DNK web app to replace the web service with other 
web services that fulfil the interface. The DNK software architecture is designed to 
support future extension with new search and filtering algorithms.  

Upcoming DiversityNaviKey versions will address character and state dependence 
shortcomings and improve the display of linked web-based multimedia resources. Future 
plans also include software enhancements to facilitate data export from the web app in 
CSV format. This could support ideas to use DNK for simple species monitoring 
approaches to record the occurrence of taxa at a given spatial location and export search 
result files. For such purposes, DNK could be an alternative solution for the 
DiversityMobile app [DM21, Ja09], but only in its basic functions. DiversityMobile was 
a successful tool for species monitoring projects over years but is now outdated due to 
the underlying Windows Phone platform. With data export in CSV format the user might 
also get the option of data exchange with Xper 2 and the Xper 3 platform [Xp21a, 
Xp21b, Xp21c], with DELTA IntKey [DEL21b] and the Open DELTA network [Op21].  
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The Java web interface NaviKey [Na21a] was the predecessor of DiversityNaviKey. 
Since 2007 it has been used by a number of projects worldwide [Na21b] with a 
PostgreSQL database as backend. Because of security reasons, Java applet technology 
was generally abandoned. With the new web app DiversityNaviKey, all these projects 
might have a chance of revival, provided the backend data source is adapted.  

DiversityNaviKey is not primarily designed as an identification tool for Citizen Science 
projects that focus on educational and science communication aspects. Its target groups 
are scientists and other professionals. DNK structures and queries data and makes 
existing (published) knowledge of taxonomists or other bio- and geodiversity experts 
usable for (scientific) diagnosis and identification. Some recent approaches for 
identification keys in citizen science projects are implemented as PWAs [Ba20]. 
However, most are realised as native apps for a single user community. In these cases 
the targets are primarily those appealing to citizens, such as butterflies, birds, mammals 
and flowering plants. In addition, most tools are optimized on processing and analysing 
multimedia data (images, sounds). Some implement and use computer vision and 
machine learning techniques for (semi-) automatic identification approaches [Fl21, 
WM18, WM19]. Future collaboration to compare the technical design and data of the 
diagnosis tool implementations for citizens on the one hand and DiversityNaviKey for 
professionals and scientists on the other hand could be promising.  

An important vision for the future may be that individual biodiversity researchers or 
research groups use the option to manage research projects with descriptive data in their 
own local DWB-DD installation. Alternatively they use DWB-DD installations hosted 
by a recognized domain-specific data repository or installations offered by a recognized 
technical service provider, e.g., GFBio e.V. (keyword: Software as a Service, SaaS). At 
some point, researchers decide to make their data available for open access via data 
publishing services (e.g., as EML-SDD structured data files) and – in parallel – to make 
the data openly and freely available via DiversityNaviKey diagnostic and identification 
services. Those services could be well integrated into the application layer of cloud 
computing architectures.  

DiversityNaviKey outside the Diversity Workbench in a comprehensive data 
infrastructure 

The DiversityNaviKey PWA with the web service is technically completely independent 
from the Diversity Workbench database suite (see chapter 3 and Fig. 1, 3). The 
components can be dockerised to allow an easy deployment of static data sources. In this 
way DNK might become one of the envisaged “practical tools” of the 
NFDI4BioDiversity [Gl20, NF21]. NFDI4BioDiversity is one of the consortia of the 
evolving German National Research Data Infrastructure (NFDI). As part of the 
application layer of the NFDI Research Data Commons (NFDI-RDC) [Gl20] it might be 
a useful completion to the GFBio tool for analysis and visualisation (VAT) [Be17, 
GF21d]. Similar to what the GFBio data portal and VAT tool already do for ABCD-
XML-structured data, a DiversityNaviKey service might support the usage of SDD-
structured XML trait data as already now available via the GFBio data portal [GF21c]. 
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In its envisaged extension DNK related services will transform the SDD-XML files to 
suit the database schema of a cloud-based DNK PostgreSQL cache database and DNK 
web services. With this realisation, the data can be handled by a DiversityNaviKey web 
app for identification and diagnostic purposes. 

The DiversityNaviKey programming code with web application and web service 
including documentation of the underlying DiversityDescriptions cache database 
(PostgreSQL) as backend will be available under https://github.com/snsb. The 
DiversityNaviKey app with exemplary data sources will soon be available on a server of 
the SNSB IT Center under https://divnavikey.snsb.info.  

The LIAS and DEEMY long term web projects will directly integrate DiversityNaviKey 
services. 
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