Preparation and publication of national species lists
Consensus procedure for Latin America and the Caribbean GBIF nodes 
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Species lists are a key component for all biodiversity information systems, as they are necessary to exchange and integrate biodiversity information for many activities, either scientific or other types. Within these lists, there should be validated nomenclature data organized according to consistent taxonomic standards. There is a problem here: the vast majority of Latin American and Caribbean countries lack documentation in their native language to compile checklists of local or national species. As a result, we currently have fragmented information without common standards, which hampers the compilation of regional lists, limiting research and conservation actions within the region.

The CESP2018-011 project, funded by GBIF, was based on the experiences of the GBIF nodes of Argentina, Brazil, Chile, Colombia, Ecuador, Guatemala, Mexico and Uruguay with CyTeD and AndinoNET associations. This project defined consensus procedures for the development of national species lists. It focused on achieving database compatibility with the existing ones. To cover a wide range of users, the results were published in Spanish, Portuguese and English. Through the program "train trainers", the knowledge gained from events of capacity dissemination can be replicated in national and specific contexts. In addition, at least one pilot species list per country was published in the GBIF data network.

The main purpose of this document is to review the existing documents of best practices, as well as the tools currently available to publish a species list in GBIF, to identify concepts and processes that are still in force and the necessary improvements that, as a regional group, have been detected during the development of the CESP2018-011 project. This conceptual and methodological document proposes good practices for the creation and sharing of species lists aimed at strengthening the GBIF Taxonomic Backbone.

[bookmark: _Toc29920156]2. Why is it important to publish a national species list in GBIF?

National lists are of great value, as they gather basic and standardized information of the species present in a country, and are used as a starting point for creating biological inventories, species diversity estimates, detection of information gaps, monitoring efforts, and conservation and sustainable use of biodiversity. In addition, several other reasons why it is important to publish national lists can be mentioned, among the main ones are:

1. Have a national or regional registry of species included in global lists
2. Constitute a referent of the names and taxonomic status of species distributed in a given country
3. Contribute with records of species not included in global databases
4. In case of including synonymy, to expand the possibility of searching for species names registered in a country, as well as their relationship with the currently valid/accepted name
5. Have a taxonomic referent of the species in a given country and of the context in which a given list is being considered
6. Serve as a taxonomic standard for different users, because the content is standardized and accessible
7. Facilitate the consultation and exchange of taxonomic information with other species databases.
[bookmark: _Toc29920157]3. Introduction
To date, most species lists are published in arbitrated scientific journals, in various online databases focused on certain taxonomic groups (e.g., wTaxa, Index Fungorum, Mammal Species of the World, Plants of the World online, among others) and in National Official Journals (e.g., Official Gazette of the Federation in Mexico, Neotropical Mastozoology, as well as other journals that publish national lists). Each of these platforms has its own requirements, which hampers the comparison and exchange of information.

Since the beginning of the classification of living organisms, different authors described and considered the creation of species lists. The concept of each one, as well as the formats, vary and depend on the objective of the list, the public of interest, as well as where it will be published (e.g., journal, book, website, database, information system, etc.).

This is not the first "manual of good practices" for the creation of national species lists that is written in the context of GBIF, other documents such as GBIF (2011a) and (2017), Hamer et al. (2012), Nozères et al. (2012), Remsen et al. (2012), have been of fundamental use so far.

Considering the diversity of existing proposals and manuals, the present manual, although supported by the previous works mentioned above, differs from them in some fundamental aspects. Firstly, it is the result of the joint work of a diverse group of people with different scientific knowledge in various taxonomic areas and groups, as well as with direct experience in management and conservation. On the other hand, its preparation has been focused on responding to the reality and needs of a particular region, Latin America, which has an extraordinary biological diversity but also faces great challenges in its management and conservation.

In this document, we will understand by "National Species List" a list of scientific names assigned to a set of species, which have been recorded in a given territory. The standard case of territory is a country, and thus we talk about "national lists", although lists can be applied to other areas such as states, provinces, departments, etc., fitting perfectly into the concept and procedures discussed in this document and hence considered herein. The most common criterion that groups the species in a list is taxonomic (e.g., birds, amphibians, plants, etc.), but it can be of another nature (e.g., invasive, protected, commercial interest species, etc.).

These lists constitute a primary tool, for both management and conservation of natural resources and advancement of scientific knowledge, and hence the importance of making them properly. As we will see later on, there is a considerable variety of scenarios and objectives in which a list is created, and these will limit the method to be applied for the elaboration of the list and the elements it will contain.

It should be considered that what we refer here as "National lists" or simply "lists", in other contexts might be referred with other terms, such as "Checklists", "Authority or reference lists", "Official species list", “Standard species list", etc. For the purposes of this document, we will consider all of them as synonyms.
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· [bookmark: _Toc29920159]Definitions and concepts

A national list is understood as the one that gathers the scientific names of the species distributed in a given country or in major regions in which a country or parts of it are included (e.g., North America, the Greater Caribbean, Mesoamerica, Tropical Pacific, South America, etc.). National lists can be developed by taxonomists that are experts in a certain biological group, or by non-experts who have a good knowledge of taxonomy and nomenclature, with access to specialized literature and the ability to interpret it correctly to compile an updated list.

National lists should ideally be organized based on recent classification systems and recognized by the scientific community, as well as supported by references that endorse the current status of each taxon included in the list.
It is important to note that the entry of taxonomic information is based on the rules established by international nomenclature committees, such as ICZN (www.iczn.org), ICNB (https://www.iaptglobal.org/icn), among others.

· [bookmark: _Toc29920160]Available tools 
Recently, two tools that facilitate the development of national lists for users with different experience and knowledge of the Darwin Core standard were published at the GBIF portal (DwC, Wieczorek et al. 2012). 

1. Lists of species from records of specimens and observations (occurrences) 
Once an occurrence dataset has been generated in the GBIF portal, using the tool available at https://discourse.gbif.org/t/new-feature-download-lists-of-distinct-species-contained-in-occurrence-searches/687, a .CSV file can be downloaded with the list of taxa present in the dataset with all classification information by ranks from Kingdom up to the level of the name in the registry. The final product is equivalent to what we consider in this document as “Nomenclatural List” (See section List Types). This tool allows obtaining a list of species based on the records for the territory.

2. Recipe for species list of the TrIAS project
The use of this tool, available at https://github.com/trias-project/checklist-recipe/wiki, requires a basic knowledge of R and GitHub. It is necessary to have a taxonomic dataset that provides information to generate a species list in an interoperable format with Darwin Core. A species list of any of the types that we consider in this document can be achieved at the end. This tool generates ready to publish files compatible with Darwin Core.

Both tools can be used in a complementary way with what is described in this document.
· [bookmark: _Toc29920161]Key aspects to consider for the development of a list

1. Purpose of the list. Before starting to develop a national list, it is necessary to be clear about the purpose and for whom to do it. This will allow defining its scope and content. A national list can be a management or a scientific list.
2. Type of list to publish. Besides the purpose, it is important to consider what type of list to elaborate, depending on the information available. In the next section, we include the list types most frequently considered.
3. Types of list users. This point goes hand-in-hand with the list purpose. The list users can be very diverse, from specialists to decision-makers; therefore, the type of information to include in the lists should contemplate the different levels of understanding and experience of the users and should be clear and accessible to a public less familiar with the subject.
4. Existence of lists published in scientific areas. These types of lists have been subjected to the scrutiny of the scientific community, and therefore from them, the development of a national list is facilitated. The relevance of this point is the ability to migrate the information correctly to a different but constrained format since the journal publication formats are usually diverse.
5. Information available in various scientific publications. The development of national lists from scattered information reduces the possibility of publishing a national scientific list in a short time. However, once the basic information has been compiled (see next section, Nomenclatural List), the list can be enriched gradually.
6. Absence of published lists. A starting point to consider when there are no species lists published previously, are the databases with aggregate presence records, such as GBIF, SNIB of Mexico, SIB of Colombia, which integrate information on biodiversity from various universities and scientific institutions and citizen science projects. Creating a national list from these types of records is a first step to visualize the level of knowledge available for a given biological group. The GBIF tool for creating lists from the presence records mentioned above is very useful in this and the following case.
7. Absence of expert taxonomists in certain biological groups. The starting point to create a list in this scenario is similar to that described in the previous step, based on the presence records. If there are specialists in the group in another country or region, its revision is strongly recommended.

- Types of lists and information to include in each type (level)

a) Nomenclatural list: lists of valid or accepted species of a particular taxonomic or biological group. Besides the species names, the author (s) and year of description (citation) are included. These lists are most commonly used for management.
b) Taxonomic list: more exhaustive nomenclature lists that include synonyms, as well as the relationship of basionyms and corresponding synonyms with each valid or accepted name. This list also includes the higher-rank taxonomy of the species, based on classifications recognized by the scientific community. They are scientific, but if the information is simplified, they can be useful for management.
c) Annotated list: complete taxonomic lists that include all information associated with the taxa, such as nomenclature citations, distribution –state or regional-, common names –with language and region-, bibliographic references supporting the associated information, etc. This type of list is usually more scientific and directed to specialists, although it can be useful for educational projects, for example.
d) Descriptive sheets (or taxonomic sheets): species sheets are essential for information access at national portals. Although they do not have their format under the Darwin Core (Plinian Core) standard, they compile both taxonomic, ecological and graphic information (photos, videos). They are of great interest to national species inventories in national portals, for example.



· [bookmark: _Toc29920162]List format, structure and examples
For a detailed view of this item, access the document “EN-Table Type-Subtype-CheckList”
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The use of unique identifiers has been discussed widely since 2005 (Page, 2005; Chavan et al., 2005; GBIF, 2011b). At the 2007 Biodiversity Information Standards - TDWG conference, it was concluded that the use of unique Life Sciences Identifiers (LSIDs) was a solution and their use was promoted for 10 years. The main purpose of unique identifiers was to ensure the unequivocal exchange between taxonomic information databases. However, the 2017 TDWG recognized that its use had not been that projected due to its low perseverance. Despite the existence of global name databases (such as Catalog of Life, WoRMS, The Plant List, etc.), and the long-term search for unique taxa identifiers, it has not hitherto been possible to associate the names with a unique, global and persistent identifier. Currently, each database uses its own identifier, which can be either numerical or alphanumeric and is created with the rules defined by each institution.
· [bookmark: _Toc29920164]List updating: frequency
National species lists aim to gather the most recent taxonomic and nomenclatural information accepted by experts. However, due to day-to-day changes in the taxonomy of all biological groups, derived partly from the development of auxiliary tools in taxonomic studies, it is difficult to keep them updated, even when they are published in digital format. Therefore, it is necessary to look for consensual updated rules among those who publish national lists in GBIF, especially in the case of biological groups of great demand.

[bookmark: _Toc29920165]5. Towards the creation of regional lists (the case of Latin America and the Caribbean)
[bookmark: _Hlk29917558]The use case is described in the following document: Acosta Bueñano, N. A., Amaya Montano, L. S., Buitrago, L., Coitiño Banquero, H. I., Ferreira Portela Nunez, R., Gutiérrez Peralta, H., Hernández Robles, D., Ojeda Cabrera, L. M., Pando de la Hoz, F., Savini, V. & Plos, A. Publication of Species List: Study case for management – taxonomic type lists, version 1.0.
[bookmark: _Toc29920166]6. Credits and use permits
We want to thank the participation in this project by Paula Zermoglio and John Wieczorek (VertNet).
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