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Plant and animal checklists, with conservation status information, are fundamental 
for conservation management. Historical field data, more recent data of digital 
origin and data-sharing platforms provide useful sources for collating species 
locality data. However, different biodiversity datasets have different formats 
and inconsistent naming systems. Additionally, most digital data sources do not 
provide an easy option for download by protected area. Further, data-entry-ready 
software is not readily available for conservation organization staff with limited 
technical skills to collate these heterogeneous data and create distribution 
maps and checklists for protected areas. The insights presented here are the 
outcome of conceptualizing a biodiversity information system for South African 
National Parks. We recognize that a fundamental requirement for achieving better 
standardization, sharing and use of biodiversity data for conservation is capacity 
building, internet connectivity, national institutional data management support 
and collaboration. We focus on some of the issues that need to be considered for 
capacity building, data standardization and data support. We outline the need for 
using taxonomic backbones and standardizing biodiversity data and the utility of 
data from the Global Biodiversity Information Facility and other available sources 
in this process. Additionally, we  make recommendations for the fields needed 
in relational databases for collating species data that can be  used to inform 
conservation decisions and outline steps that can be  taken to enable easier 
collation of biodiversity data, using South Africa as a case study.
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1. Introduction

1.1. The need for collated, standardized species data

Protecting biodiversity requires knowing what plants and animals occur in and around 
protected areas. As such, the Convention on Biological Diversity (CBD) requires biodiversity 
monitoring and maintenance of biodiversity information (United Nations, 1992). Despite the 
inherent value of readily available biodiversity data, biodiversity data management is often 
overlooked in conservation organizations. Relevant biodiversity data is often inconsistent, 
incomplete, inaccessible and unusable without relevant metadata (Stephenson et al., 2017). This 
is not for a lack of available systems, protocols and best practices (see Wilkinson et al., 2016; 
Hackett et al., 2019). Biodiversity data standards have been produced, such as Darwin Core, 
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which enables comparable data sharing through standardizing data 
fields and requires certain ancillary data (Wieczorek et  al., 2012). 
Additionally, the Global Biodiversity Information Facility (GBIF) 
provides a platform for sharing and accessing biodiversity data shared 
by others (Gaiji et al., 2013). Yet, conservation organizations fall short 
in their data management. The insights presented here are the 
outcome of conceptualizing a biodiversity information system for 
South African National Parks and provide considerations for building 
capacity to enhance conservation data management more generally, 
with the Supplementary materials detailing particular processes and 
tools that can be used for collating biodiversity occurrence data.

1.2. Challenges of making biodiversity data 
accessible

Biodiversity status and trend data are needed for making 
conservation decisions (Jimenez-Valverde et  al., 2010). However, 
accessing and sharing biodiversity data is a key challenge of 
implementing the CBD (Chandra and Idrisova, 2011), and even 
though data collected using public funds should be publically available 
(Costello, 2009; Chavan and Penev, 2011; Thessen and Patterson, 
2011), it often is not. In Africa, capacity and skills to collect, process 
and curate data is limited in many institutions (Stephenson et al., 
2017), with data sharing not being a priority. This is not surprising: 
biodiversity scientists globally resist sharing biodiversity data 
(Mandeville et al., 2021), partly because of the time required to make 
their data sharable (Enke et  al., 2012). Despite the multitude of 
conservation benefits of publishing biodiversity data (Tulloch et al., 
2018), historically, there has not been a data-sharing culture among 
biodiversity researchers (Huang et al., 2012; Costello et al., 2013), with 
many researchers being reluctant to share data before publishing 
(Huang et al., 2012) and not knowing how to share their data (Enke 
et  al., 2012). Funders and journals now require data to be  made 
available (see Costello, 2009), and this approach could be extended to 
institutions including data sharing as criteria for assessing job 
performance. However, shared data also needs to be standardized and 
usable (see Costello et al., 2013).

Disparate data are collected by different people (Alves et al., 2018) 
using different approaches (Berkley et al., 2001; Heidorn, 2008) to 
answer different questions, and limited human resources are dedicated 
to curating conservation data (Heidorn, 2008). In South Africa, one 
limiting area is data cleaning (Coetzer and Hamer, 2019), which is the 
correction or removal of inaccurate data and standardization of 
formatting to enable data to be more useful. However, some data 
management support and capacity building is being provided by GBIF 
nodes (Parker-Allie et al., 2021). In conservation organizations, there 
is often limited post-field processing and availability of expertise to 
guide this, and even where expertise exists, staff turnover and 
insufficient hand-overs can lead to substantial data loss (see Wiser 
et  al., 2001; Sato et  al., 2019). Therefore, although conservation 
organizations collect large quantities of biodiversity data, e.g., through 
rangers, these data need to be digitized, standardized according to 
protocols, checked for consistency through quality control procedures 
and collated so that they can contribute to decision making in 
conservation organizations (see Supplementary material 1). A further 
complication is obtaining accurate locality data for sensitive species. 
Locality records for sensitive species are necessarily obscured on data 

sharing platforms to protect these species from poaching, and 
obtaining this locality data can be challenging due to its conditional 
use and the limited data processing capacity of data holders and 
collators, such as the South African National Biodiversity Institute 
(SANBI).

1.3. The wealth of biodiversity data sources

Systematic long-term monitoring programmes are fundamental 
for assessing population trends (see Kamp et al., 2016), but they are 
resource intensive. Notably, there are unstructured sources of 
biodiversity data that can be integrated into monitoring programmes 
(Kühl et al., 2020; Stephenson and Stengel, 2020), including herbarium 
and museum specimen records and citizen science data (see 
Supplementary material 2). Most of these data are already collated by 
the GBIF, which enables access to data stored outside its country of 
origin, which is useful, as a substantial amount of biodiversity 
collections and data from the global south is in the global north 
(Tydecks et  al., 2018), and research published in journals may 
be inaccessible to staff of conservation organizations (see Veríssimo 
et  al., 2020). Additionally, there are increasing opportunities for 
volunteers to curate, identify and categorize data to assist with data 
analysis (see Supplementary material 2). However, uploading image 
and video files to online platforms requires having sufficient 
bandwidth, and many conservation organizations have slow internet.

1.4. Tools for managing biodiversity data

Although global biodiversity data systems are advancing (Farley 
et al., 2018) and many tools are available (see Gadelha et al., 2021; 
Figure 1; Supplementary material 2), awareness of and capacity to use 
these resources is limited, and there are limited data-entry-ready 
software options available to collate species data across the multiple 
available data sources, match names to accepted taxonomies and 
develop species checklists for protected areas. Database software, e.g., 
BRAHMS and Specify, has been developed for specimen data, but it 
does not have the flexibility to incorporate other data types, such as 
iNaturalist and CyberTracker (see Ansell and Koenig, 2011) 
observation data, which can be collected and curated much faster than 
traditional specimen-based data (see Kays et al., 2020).

Making species data available to inform protected area 
management requires standardizing existing biodiversity data (see 
Supplementary material 1), incorporating data from global sources, 
e.g., GBIF, applying a consistent approach to naming species using 
taxonomic backbones, using a relational database with relevant fields 
and formats (Supplementary material 3), implementing data 
management systems and best practice quality control (Michener 
et al., 2011; Veiga et al., 2017; Ball-Damerow et al., 2019), and making 
these data available on a user-friendly platform.

1.5. Taxonomic backbones

Taxonomic backbones are essential foundations of biodiversity 
information systems (Thomson et  al., 2021) and require regular 
updates. They are exhaustive taxon- and area-specific checklists of 
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names that include unique identifiers for each name, taxonomic 
information (family, order, phylum, kingdom etc.), taxonomic status 
(accepted, synonym, inclusive, misapplied), and the unique identifier 
and accepted name for each synonym. All species names in a database 
or checklist should be checked against an authoritative taxonomic 
backbone (Costello and Wieczorek, 2014). There are many online 
taxonomic backbones that enable checking for accepted names 
(Grenié et al., 2022). The Catalogue of Life (CoL; Hobern et al., 2021), 
which is the primary source of names for the GBIF, incorporates many 
taxonomic databases. Keeping taxonomies up to date is challenging 
because of continuous changes in nomenclature requiring historical 
lists to be updated. These updates are complex, as species can change 
names, swop names with another species, be combined with another 
species, or a name could apply to several species that were split since 
an identification was made (Godfray, 2002). Additionally, the 
subspecies or variety, which may be of conservation interest, is often 
not specified or ‘aff.’ (similar potentially new species) or ‘cf.’ (uncertain 
identification) is associated with a listed name.

In South Africa, SANBI is mandated to maintain national species 
checklists and has made efforts toward compiling checklists of 
accepted species names in the country. The most comprehensive of 
these lists is the annually-updated South  African National Plant 
Checklist (SANPC; SANBI, 2022a), which is part of the taxonomic 
backbone of the Botanical Database of Southern Africa (BODATSA). 
Updates to this checklist are guided by a policy that requires that only 
published name changes are included in the checklist, and updates to 
the checklist have to be checked by taxonomic experts and approved 
by a committee, which includes three SANBI taxonomists and six 
external taxonomists (Victor et  al., 2013). The BODATSA is 
maintained in BRAHMS software, and the published version of the 
checklist includes the necessary information required to form the 
basis of a taxonomic backbone for South African plants in a new 
species database.

One challenge with using the SANPC, and likely many other 
national checklists, is that there is no accessible species matching tool. 
This is problematic for the staff of conservation organizations, who 
often have outdated species lists without authorities and lack the 

technical skills to automate name matching. Matching to online lists, 
such as World Flora Online, is relatively easy with the use of available 
fuzzy matching tools, e.g., the Taxonomic Name Resolution Service 
(Boyle et al., 2013) and an R package called WorldFlora (Kindt, 2020). 
Additionally, GBIF names are easily matched using GBIF’s species 
lookup tool1, which would be even more useful if the accepted names 
of synonyms could be included as part of downloads for matched 
species names. More manually-intensive methods are available in the 
absence of a matching tool, including the use of functions in MS Excel 
(see Supplementary material 4) and R. Another challenge with the 
SANPC is that it does not include all alien species that are found in 
the country: it only includes those species that are considered 
naturalized, and some nationally-regulated alien species are missing 
from the list. This necessitates having a standardized way of capturing 
the scientific names of non-naturalized alien species found on 
protected area species lists. While GBIF or the Global Register of 
Introduced and Invasive Species (see Pagad et al., 2018), which is 
available on the GBIF platform, could be used, ideally, the SANPC 
should be updated. It would be useful for SANPC names to be used 
across organizations in South  Africa, and not just herbaria, to 
standardize national name usage annually and inform more accurate 
species assessments and conservation prioritization. Using a national 
checklist can help keep names relevant and useable, and users can 
submit relevant published updates, changes and errors.

In contrast to the SANPC, there is no comprehensive animal 
checklist that has been produced by SANBI. The animal names used 
by SANBI are also overseen by taxonomic experts and a committee. 
These taxonomists consult specific databases for different groups, 
e.g., the Amphibian Species of the World database hosted by the 
American Museum of Natural History for amphibians (Frost, 2021) 
and The Reptile Database for reptiles (Uetz et al., 2022). There is 
limited capacity to develop the animal list, particularly given the 
large variety of species groups, which have been focused on in 

1 https://www.gbif.org/tools/species-lookup

FIGURE 1

Tools to improve the collation of standardized biodiversity data for conservation. Further examples of resources for accessing biodiversity occurrence 
data to inform conservation decisions are provided in Supplementary material 2.
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isolation, and to date, only some vertebrate and freshwater 
invertebrate names have been included on SANBI’s national animal 
checklist (see SANBI, 2022b). In the absence of a comprehensive 
national list of animals, one interim solution is to use an easily 
available source of animal names, such as iNaturalist or GBIF, which 
incorporates the CoL.

1.6. The use of GBIF and iNaturalist to 
inform conservation

Extensive data sources are easily accessed through the online GBIF 
data platform (Gaiji et  al., 2013). However, locality data specific to 
protected areas are not easily downloaded (see Supplementary material 5 
for how to access species locality data for a protected area using 
Geographical Information System software). An option to download 
locality data by protected area administrative boundaries would be a 
useful addition to the GBIF data platform, as conservation organization 
staff often do not know how to access biodiversity data for protected 
areas. While GBIF includes functionality to filter data by IUCN Red List 
threat status, it would also be useful to be able to filter by occurrence 
(indigenous or alien) status per country.

iNaturalist data are available directly from the iNaturalist website 
and research grade data, which are observations for which two-thirds 
or more than two iNaturalist identifications concur, are available from 
the GBIF. iNaturalist provides a wealth of data, which can be used to 
inform conservation (Dobson et  al., 2020), particularly when 
iNaturalist is used in bioblitzes and by specialist groups.

iNaturalist data are often organized into projects and places on the 
iNaturalist website, making it easy to access and curate locality data 
for protected areas. However, similar to the case for museum and 
herbarium specimen data, a key caveat is that not all identifications 
are accurate. The accuracy of iNaturalist records can be assessed by 
considering who made the identification, as all iNaturalist users are 
not equal. Specialists can be asked to verify identifications that are not 
made by taxon experts. Experts can be identified by looking at the ‘top 
identifiers’ tab and asking one of the reliable ‘top identifiers’ to verify 
the species identification. Unlike Cybertracker or Cmore2 data, the 
images that accompany iNaturalist data make identifications easier to 
verify. iNaturalist users should also be  encouraged to submit 
diagnostic pictures, such as flowers, seeds and male and female 
specimens. Further, data users should be  aware that because of 
obscured locality data records may appear at locations where species 
do not occur. iNaturalist also has a powerful curation tool to assist in 
rapid and efficient identification of large volumes of records.

2. Discussion

Although species, and lower taxonomic rank, data are a vital 
aspect of conservation management, these data are not easily available 
and regularly updated for many protected area networks. Given the 
parameters that need to be  considered for collating, storing and 
sharing species and locality data for protected areas there are some 

2 https://www.csir.co.za/cmore

minimum requirements that need to be  considered for plant and 
animal locality databases, which should form part of organizational 
data management plans (see Donnelly et al., 2010; Strasser et al., 2011; 
Michener and Jones, 2012; Hampton et  al., 2013). Additionally, 
capacity building, such as the training provided by GBIF’s biodiversity 
data mobilization course3 and training on using OpenRefine and 
Wikibase software, is vital but under resourced.

2.1. Recommendations for collating 
biodiversity occurrence data

Species databases should include the wide range of heterogeneous 
species occurrence data (Kühl et al., 2020, Stephenson and Stengel, 
2020; see Supplementary material 2), and a relational database should 
be used with some compulsory fields, such as unique taxon numbers 
(see Anderson et al., 2020), to allow updates to taxon names and 
conservation statuses in the taxon table and link to the rest of the 
database. Although more sophisticated software is available, such a 
database can be  set up in MS Excel with a taxon table in one 
spreadsheet and occurrence records in another spreadsheet and the 
use of functions or Power Pivot to link the data between the tables. 
Additionally, a protocol is required for updating databases regularly 
to incorporate new data from data sources that are constantly being 
updated, e.g., searching GBIF for particular time periods and 
accession dates.

There are several standardized fields that are required to develop 
a database that will be  useful for informing conservation (see 
Supplementary material 3). Consistent, standardized and accepted 
naming systems are needed, and while these should ideally be driven 
by taxonomists, available taxonomic backbones, such as the GBIF 
backbone taxonomy, provide a work around where resources are 
limited. Incorrect taxonomic identifications and inaccurate 
coordinates are well-known issues. Ideally, detail is needed about the 
accuracy of the locality information (GBIF, 2010; Faith et al., 2013) 
and the source and reliability of the identification to determine the 
validity of the identification (Anderson, 2012; Costello and Wieczorek, 
2014). For data generated in a conservation organization this would 
include noting who made the observations and identifications of 
species. Occurrence status (endemic, indigenous, extralimital, alien) 
for the protected area and conservation classifications are also needed 
as these are relevant to conservation management.

2.2. Enabling easier collation of biodiversity 
occurrence data

The accessibility of biodiversity data for informing conservation 
in South Africa could be improved through enhanced institutional 
data management support, inter-organization collaboration and 
capacity building to enable the use of standardized electronic data 
capture and data sharing protocols, templates and tools and the use of 
standardized names for all taxa for species reporting, listing and 
conservation status assessment.

3 https://docs.gbif.org/course-data-mobilization/en/
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Increased data collation and sharing by researchers, conservation 
staff and specimen collectors is possible through the use of iNaturalist, 
which provides a useful platform for uniform data sharing and access. 
Additionally, prerequisites and available support for researchers to 
upload biodiversity occurrence data to GBIF would improve data 
availability and reduce the data management burden on conservation 
authorities. An agreed set of backbones for taxa names, e.g., GBIF, that 
can be used by organizations nationally and national species lookup 
tools for looking up scientific names would improve consistent name 
usage nationally. For example, it would be useful if the SANPC could 
include all alien plants in South Africa to assist with managing and 
reporting on alien species in a standardized way at the national level. 
Name matching to the SANPC could also be made easier through an 
Application Programming Interface being made available for linking 
the SANPC to existing species matching tools.

Having the functionality to download species occurrence data 
from global and national platforms using protected area boundaries 
and the incorporation of GBIF data into local and national biodiversity 
information systems would improve the accessibility of data to the 
staff of conservation organizations. The inclusion of a term, such as 
protectedAreaName, in Darwin Core, through engagement with the 
TDWG (Biodiversity Information Standards), would also be useful. 
Further, it would be useful for conservation organizations to have easy 
ways to securely access occurrence data for sensitive species from 
SANBI to enable effective monitoring of these species, which is 
currently constrained by limited access to data as a consequence of 
human resource constraints.

To conclude, biodiversity data needs an overhaul, with a focus on 
data sharing, to improve data availability and standardization for 
biodiversity data to become more useful for informing conservation 
decisions. Incentives, institutional support and capacity building are 
needed to enhance the sharing of biodiversity occurrence data to data-
sharing platforms, such as GBIF, and enable conservation 
organizations to access this data.
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