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Marine biodiversity
discovery: the metrics
of new species descriptions
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Based on the World Register of Marine Species (WoRMS), there are currently c.
242,000 known valid marine species living in the world's oceans and marine
biota continue to be discovered and named steadily at a current average of 2,332
new species per year. The “average” newly described marine species is a benthic
crustacean, annelid, or mollusc between 2 and 10 mm in size, living in the tropics
at depths of 0-60 m, and represented in the description by 7-19 specimens. It is
described after a shelf life of 13.5 years in an article with two to three authors in a
journal with an IF <1, published by an academic institution or society or a small
commercial publisher. It is highly likely that the description is not accompanied
by molecular data and that its authors do not work in an institution in a region of
the world where the new species comes from. At the current pace of discovery
and characterization, it will take several hundred years to describe the remaining
1-2 million unknown marine species. With increased facilitation of access to
literature, marine taxonomy will increasingly rely on retired professionals and
citizen scientists. The barriers to new marine species descriptions are in part
technological (access to habitats that are difficult to sample) and educational
(training to generate and use molecular barcodes), but mostly institutional
(funding of taxonomic work) and regulatory (restrictions imposed by access
and benefit sharing legislation).

KEYWORDS

taxonomy, marine biodiversity, World Register of Marine Species, impact factor, Nagoya
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1 Introduction

Since Erwin’s seminal paper on the number of arthropod species in tropical forests
(Erwin, 1982), scientists have speculated on the magnitude of biodiversity of the planet,
with projections ranging from 8.7 + 1.3 (Mora et al., 2011) to 390 million (Larsen et al.,
2017) eukaryotic species. Simultaneously, there is undisputed evidence that we have
entered into a Sixth Mass Extinction (Cowie et al., 2022), generating debates on how to
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accelerate species descriptions before many species will actually
become extinct (e.g., Marshall and Evenhuis, 2015; Sharkey et al.,
2021; Naggs, 2022; Zamani et al., 2022).

Whether or not the call for accelerating the exploration of
marine biodiversity (e.g., Anonymous, 2022; Rogers et al., 2022) will
actually have tangible effects in the next decade in terms of species
descriptions will at best remain an expert opinion unless we have a
baseline to measure current marine species discovery. There are
currently c. 242,000 valid marine species known to live in the world
oceans (WoRMS, 2023; Table 1). Figure 1A demonstrates a dip in
species descriptions during the World Wars and two clear peak
years—1758, when Linnaeus published the 10th edition of his
Systema Naturae, and 1977, when a single publication described
over 1,700 new species of marine Foraminifera (McCulloch, 1977)
—and there is no sign that species discovery is reaching an
asymptote (Figure 1B): biota continue to be discovered and
named steadily at a current average of 2,332 new species per year
(see further down), with total number of known and unknown
projected to be anywhere from 0.3 million (Costello et al,
2012; Costello, 2014) to 2.2 million species (Mora et al., 2011).
However, there does not currently exist detailed metrics of marine
species discovery and their taxonomic descriptions in the
scientific literature.

In order to provide this metric, and assuming that they are
representative of the taxonomic effort of the late 2010s, we focus on
taxa described in 2013-2017 and we examine in particular:

(1) What is the nature of the new species being discovered?
Where in the world ocean do the new species come from in
terms of geography and bathymetry?

(2) Who are the authors describing the new species? Where are
the new species descriptions being published?

(3) How do the newly described species stand the test of time,
and how many will be relegated to synonymy?

We conclude by examining the barriers to the discovery and
description of marine species.

2 Materials and methods

There is a time lag between the moment a species is newly
described in the scientific literature and its indexing in WoRMS
(Supplementary Material S1). For this reason, we targeted new
marine species described in 2013-2017, amounting to 11,662
species. We have considered all species originally described as
new, irrespective of whether they have subsequently been
synonymized; however, 157 nominal taxa originally described at a
rank lower than species (i.e., subspecies and/or, in the case of taxa
under the Code of Botanical Nomenclature, variety) are not
included. Prokaryotes and viruses were not included. We then
randomly selected 600 from these 11,662 species (Supplementary
Material S2), consulted the original publication containing their
descriptions, and documented (Table 2) attributes of the species and
its ecological/geographical origin, the context of its discovery, and
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TABLE 1 Partitioning by Kingdom-Phylum of the 241,521 valid marine
species known to live in the world oceans according to the World

Register of Marine Species, January 2023.

Name Acc. species

Biota 241,521
Kingdom Animalia 206,378
Phylum Acanthocephala 514
Phylum Annelida 13,738
Phylum Arthropoda 58,100
Phylum Brachiopoda 413
Phylum Bryozoa 6,451
Phylum Chaetognatha 132
Phylum Chordata 23,941
Phylum Cnidaria 11,998
Phylum Ctenophora 205
Phylum Cycliophora 2
Phylum Dicyemida 122
Phylum Echinodermata 7,526
Phylum Entoprocta 198
Phylum Gastrotricha 518
Phylum Gnathostomulida 100
Phylum Hemichordata 132
Phylum Kinorhyncha 341
Phylum Loricifera 45
Phylum Mollusca 50,655
Phylum Nematoda 6,529
Phylum Nematomorpha 5
Phylum Nemertea 1,315
Phylum Orthonectida 25
Phylum Phoronida 13
Phylum Placozoa 3
Phylum Platyhelminthes 13,214
Phylum Porifera 9,267
Phylum Priapulida 22
Phylum Rotifera 182
Phylum Tardigrada 217
Phylum Xenacoelomorpha 455
Kingdom Bacteria 2,094
Phylum Acidobacteria 1
Phylum Actinobacteria 83
Phylum Aquificae 15
Phylum Bacteroidetes 238
(Continued)
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TABLE 1 Continued

Phylum Chlamydiae 2 Phylum Apusozoa 2
Phylum Chlorobi 7 Phylum Choanozoa 148
Phylum Chloroflexi 4 Phylum Euglenozoa 257
Phylum Cyanobacteria 770 Phylum Loukozoa 2
Phylum Deferribacteres 5 Phylum Metamonada 13
Phylum Deinococcus-Thermus 4 Phylum Percolozoa 16
Phylum Firmicutes 91 Phylum Picozoa 1
Phylum Fusobacteria 4 Phylum Sulcozoa 2
Phylum Lentisphaerae 1 Kingdom Archaea 116
Phylum Nitrospirae 1 Phylum Crenarchaeota 17
Phylum Planctomycetes 5 Phylum Euryarchaeota 96
Phylum Proteobacteria 813 Phylum Thaumarchaeota 3
Phylum Spirochaetes 1 Kingdom Fungi 1,378
Phylum Synergistetes 3 Phylum (Division) Ascomycota 1,026
Phylum Tenericutes 2 Phylum (Division) Basidiomycota 91
Phylum Thermodesulfobacteria 2 Phylum (Division) Chytridiomycota 28
Phylum Thermotogae 13 Phylum (Division) Microsporidia 221
Phylum Verrucomicrobia 25 Phylum (Division) Zygomycota 8
Kingdom Biota incertae sedis 3 Kingdom Viruses 115
Kingdom Chromista 20,381
Phylum Bigyra 74 the scientific publication and its authorship. To analyze the Impact
Factor (IF) of publications with new marine species descriptions, we
Phylum C 247
yim Lereozon used the IF value for 2018.
Phylum Ciliophora 2,663 The random selection of 600 marine species was done directly
Phylum Cryptophyta 104 on the Aphia infrastructure (Vandepitte et al., 2015) through a
RANDOM SQL-query on the whole database, taking into account
Phylum Foraminifera 8,903 . . . .
the following parameters: marine and/or brackish extant species
Phylum Haptophyta 371 only, excluding prokaryotes and viruses and being described in the
Phylum Heliozoa 7 time period 2013-2017. This random selection was then made
available in an Excel file, which formed the basis for all added
Phylum Myzozoa 3,122 . . . .. .. .
information retrieved from the original publication, as listed
Phylum Ochrophyta 4,367 in Table 2.
Phylum Oomycota 45
Phylum Radiozoa 467
Kingdom Plantae 10,418 3 Resu lts
Phylum (Division) Bryophyta * 3.1 The nature of newly discovered species
Phylum (Division) Charophyta 37
Phylum (Division) Chlorophyta 2538 The random 600 new species dataset included species across 23
out of 65 eukaryotic phyla (Figure 2). Phyla not represented in the
Phylum (Division) Rhodophyta 7,520 d . .
ataset are taxa with a very small total number of species (e.g.,
Phylum (Division) Tracheophyta 296 Cycliophora, Nematomorpha) or a very small number of species
Kingdom Protozoa 638 described in 2013-2017 (e.g., Chaetognatha, Brachiopoda) and that
were inherently sensitive to the random selection of 600 species; in a
Phylum Amocbozoa s few cases (Euglenophyta, Chromista-Ciliophora, Ascomycota),
(Continued) ~ however, this may also reflect the weakness of the WoRMS
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FIGURE 1

Discovery rate of valid marine species. (A) Number of valid marine species described per year; (B) Cumulative number of valid marine species. Data
extracted from WoRMS January 2023. Numbers for 2021-2022-2023 are an underestimate of the actual situation, as marine species descriptions of
these years are not yet fully entered into WoRMS.
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TABLE 2 Attributes of the new species and new species descriptions that have been analyzed.

Attribute

Attribute description

AphialD

ScientificName

Unique identifier within WoRMS for the species

Scientific species name as retrieved from WoRMS in the random selection of 600 species

ScientificNameAuthority

Authority of the scientific species name as retrieved from WoRMS in the random selection of 600 species

Environment indication for the species, as retrieved from WoRMS. 1 = Marine; 0 = NonMarine; NULL = Undocumented for

[sMarine the marine environment
IsBrackish Environment. indica?ion for the species, as retrieved from WoRMS. 1 = Brackish; 0 = NonBrackish; NULL = Undocumented
for the brackish environment
Kingdom Higher classification information, as retrieved from WoRMS
Phylum Higher classification information, as retrieved from WoRMS
Class Higher classification information, as retrieved from WoRMS
Order Higher classification information, as retrieved from WoRMS
Family Higher classification information, as retrieved from WoRMS
Genus Higher classification information, as retrieved from WoRMS
Subgenus Higher classification information, as retrieved from WoRMS
Species Higher classification information, as retrieved from WoRMS
NamePublishedIn Full reference of the original description

NamePublishedIn_SourcelD

Unique identifier within WoRMS of the full reference of the original description

Available through WoRMS (Free - upon

request)

Indicates the availability of the PDF through WoRMS. YES = available, NO = not available

Available/Accessible online (Y/N)

Indicates the online accessibility of the paper via the publisher= YES, not accessible via publisher = NO
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TABLE 2 Continued

Attribute Attribute description
OpenAccess (Y/N) Is the paper Open access? YES = open access
Year Year of publication of the original description article

I t facts ding to WoS
fripact ‘actor according to Wo Impact factor according to the Web Of Science (WOS)

(InCites)

Book/journal Is the original description published in a book or a journal

Journal Journal or book name

Publisher Publisher name

# co-authors on species Number of authors for the species

# countries of origin Number of different countries of origin of the authors

Country of institute of first author Origin of first author

# co-authors on publication Total number of authors on article

Total # species described in paper Total number of newly discovered species in article, excluding redescriptions

# specimens involved in description Total number of specimens used to for the description (holotype, paratype, isotype, etc. (‘additional material’ not included))
Type locality (description - copy) Complete type locality, as documented in the original description

Type locality (country/sea area) The country, sea area or ocean of origin of the species

Type locality latitude Latitude of the type locality, as given in the original description (incl. full ranges)

Type locality longitude Longitude of the type locality, as given in the original description (incl. full ranges)

Latitude retrieved from mr When latitude was not given in the original description, it was derived by mapping the locality description to Marine Regions

‘When longitude was not given in the original description, it was derived by mapping the locality description to Marine
Longitude retrieved from mr 8 8 & p Y mapping ty p!

Regions
Type locality latitude start ‘When latitude was provided as a range, this field documents the start latitude
Type locality longitude start When longitude was provided as a range, this field documents the start longitude
Type locality latitude end When latitude was provided as a range, this field documents the end latitude
Type locality longitude end When longitude was provided as a range, this field documents the end longitude
Sampling equipment Equipment used to capture the species

Depth at which the species was sampled; when depth is not expressed in numbers, but zonation, this information is also

Sampling depth captured here

Depth range minimum When a dept range is provided, this field contains the minimum depth

Depth range maximum When a depth range is provided, this field contains the maximum depth

Depth classes Given depth assigned to predefined depth classes for the purpose of the analyses
Grant/funding mentioned Yes = funding or grant information is mentioned in the article

RV/Cruise Yes = an RV is used or samples were taken during a cruise, and this is explicitly mentioned in the paper
Benthos/plankton/nekton Benthos/plankton/nekton according to where the animals are found, parasites follow the host
Parasite Yes = parasite

Colony Yes = colonial species

Exact species size (value) Size of the holotype

Dimension (mm, cm ...) Dimension/unit of the size value

SizeClass Given size assigned to a predefined size class, for the purpose of the analyses

GenBank registration (Y/N) Available on GenBank = YES, not available or not mentioned = NO

Shelf life (years) Time between first finding and article availability
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Number of species per phylum from among the 600 new species dataset. ‘Other’ contains single species for the following phyla: Nemertea,
Phoronida, Entoprocta, Acanthocephala, Gnathostomulida, and Microsporidia.

database, which does not currently have an active editor for
these phyla.

The vast majority (74%) of the newly described species are
macrobiota (2-200 mm in size), with 17.7% meiobiota (0.2-2
mm), and a much smaller percentage (respectively 4.6% and 3.8%)
of microbiota (below 0.2 mm), and megabiota (above 200 mm)
(Figure 3). The largest size class (36%) corresponds to the “small
macrobiota” (2-10 mm). At 833 mm, the largest species described
during the study period was the deep-sea fish Haptenchelys
parviocularis (Tashiro and Shinohara, 2014); at the other end of
the size spectrum, were several new species of Ochrophyta
(Bacillariophyceae and Pelagophyceae) measuring less than
20 um.

On average, the new species descriptions are based on 10.8
specimens, ranging from 5 (Echinodermata) to 19 specimens
(Crustacea) in major phyla (see Supplementary Table).
Interestingly, descriptions of new nematodes, annelids, molluscs,
and fishes are all based on a very similar number (7 or 8) of

250
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-
@
o

No. of species
=
8
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(meiobiota)

2-10mm
(small
macrobiota)

10-50 mm
(medium
macrobiota)
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>200 mm
(megabiota)

<0.2mm
(microbiota)
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FIGURE 3

Number of species per size class in the 600 new species dataset.
The total amounts to more than 600, as some species are
documented to cover more than a single size class.
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specimens. There were 101 species (16.8%) described based on a
single specimen or a single colony.

Of the 600 species in the dataset, 526 (87.7%) are benthic, 42
(7%) nektonic, and 32 (5.3%) planktonic (Figure 3). Parasites are
categorized with their host, i.e., a monogene parasitic on a
nektonic fish is classified as nektonic. The benthic species
range in depth from the intertidal to as deep as 10,800 m;
however, the majority of them (287% or 47.8%) live in the 0-
60-m interval, and only 42 (7.0%) come from deeper than 1,000
m (Figure 4).

Regarding how the specimens were collected, a little over half
(319: 53.2%) of the new species descriptions refer to a research
vessel (including submersible) or cruise (see Supplementary
Material). Almost half (270, or 45%) do not mention a method of
capture or gear. When one is mentioned, it can be a dredge or trawl
(101 species), a grab or corer (34), or a net or line (31); the
descriptions of 85 species refer to sampling by SCUBA, whereas 9
refer to a manned submersible or ROV.

The type localities of the new species are scattered throughout
the world’s oceans (Figures 5A-E); however, the density of type
localities varies among oceans, reflecting both the bank of
unknown species in each ocean and the research pressure. The
Arctic Ocean is especially empty, and this reflects the very small
reservoir of new species in that ocean; conversely, 359 (59.8%) of
the type localities are located in the tropics. As stated above, only
7.0% of the new species come from deeper than 1,000 m, and this
is reflected in the map that essentially shows empty high
seas (Figure 5B).

3.2 How and where are the new species
descriptions published?

The 600 new species in the dataset were described in a total of
493 papers/works authored by 753 authors and co-authors—of
which 366 had different first authors. Of these 600, 554 were

06 frontiersin.org
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FIGURE 4

Species per depth-zone: benthos, plankton, nekton. Depth information was missing in the original description of 90 species; total is higher than 510

because species may be allocated to more than one depth interval.

described in articles published in 116 journals, and 46 in books or
series published at irregular intervals.

The number one journal in terms of number of new species
descriptions is Zootaxa (192), followed far behind by ZooKeys (25).
There were 37 journals (or 32% of all journals in the dataset) that
contain a single new species description (Figure 6).

Marine-focused journals account for 46 new species only
(7.7%); the vast majority of new species descriptions (426, ie.,
71%) were published in taxonomic or taxonomically focused
journals. Only 77 of the new species (12.8%) were published in
books or journals owned by one of the big commercial publishers
(Brill, Elsevier, De Gruyter, Schweizerbart, Springer, Taylor and
Francis, Wiley-Blackwell), whereas many more (219, or 36.5%)
were published by not-for-profit academic institutions and learned
societies. The rest of the species (total 304 species, 50.7%) were
published by smaller commercial publishers (Magnolia Press
[publisher of Zootaxa] 195, Pensoft 30, ConchBooks 21).

Of the 600 new species descriptions, 464 (77.3%) were accessible
online, of which 186 (31%) are open access. Altogether, 400 species
were described in a journal with an impact factor (IF), of which 164
(27.3%) in a journal with an IF > 1.

Of the 600 new species in the dataset, 164 (27.3%) were
described in articles containing a single new species [36 with no
impact factor, 60 IF > 1], but one work contained the description of
212 new species—of which 13 are in the 600 species dataset. The
median number of new species in an article was 3; however, works
published in journals with IF > 1 contained a median of two new
species, in journals with IF < 1 a median of three new species, and
works without an impact factor contained a median of nine
new species.

Articles describing new species were on average coauthored by
2.4 authors, and there was no significant difference between papers
describing a single new species—co-authored on average by 2.56
authors [who, however, may not all be co-authors of the name of the
new species], and works with 10 species or more—co-authored by
2.6 authors.

Of the 600 new species descriptions, 110 (18.3%) included
molecular data, with a GenBank entry referred to in the
publication. Two species were even entirely diagnosed based on
molecular characters.

Frontiers in Marine Science

The 366 first authors have institutional affiliation or a contact
address in 53 different countries (Figure 7). Authors with affiliation
in the United States account for 77 species (12.8%) and those with
affiliation in the first five countries (USA, Spain, Brazil, Australia,
Italy) account together for 276 (46%).

Authors described new species originating or not from their
part of the world (Figure 8). For the purpose of this analysis, we
have divided the world according to the continents: Asia, Africa,
North America, South America, Europe, Oceania, and
Antarctica. Species with a type locality in the high seas or
Areas Beyond National Jurisdiction (ABNJ) (35 out of 600)
have been allocated to the nearest land area. Note that only
first authors are considered in this analysis. What is immediately
apparent is that:

(A) Authors from Africa, Oceania, and South America account
for respectively 8, 58, and 59 new species (representing
respectively 1.3%, 9.7%, and 9.8% of the total number of
new species), whereas authors from North America and
Asia each both account for 111 new species (18.5%) and
authors from Europe account for 253 (42.2%).

(B) Authors from Asia, North America, South America, and
Oceania tend to describe new species predominantly from
their part of the world, but authors from Europe describe
new species from all over the world.

The average shelf life (time between the collection of the first
specimen of a new species and its description; Fontaine et al.,
2012b) was 13.5 years, and the median 7, with an average per group
scattering from 25 (Porifera) to 5-7 (Nematoda, Platyhelminthes,
Echinodermata), with 12-18 for Cnidaria, Mollusca, Annelida,
Arthropoda, and Chordata (Figure 9). The longest shelf life was
119 years for the crab Munidopsis alcocki Ahyong, 2014, the
holotype of which had been collected in 1895 by the Investigator
expedition and subsequently misidentified with other galatheid
species. At the other end of the spectrum, eight species had a
shelf life shorter than 1 year.

Mention of some form of funding/grant is made in 364 of the
new species descriptions (see Supplementary Material), but it is
difficult to see whether this refers to funding that made the sampling
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The geographical origin of the new species in the randomly selected dataset. (A) Shallow-water benthic species in the 0-60-m interval (yellow).
(B) Deep-water benthic species in the 60-1,000-m (light blue) and deeper than 1,000-m (dark blue) intervals. (C) Planktonic and nektonic species
(purple). (D, E) North Pole and South Pole projections. Symbols as on Figures 5A-C.

of the new species possible or to funding for the taxonomic research
leading to the recognition and description of the new species.
However, examination of the papers containing the descriptions
of the other 236 species shows a variety of situations, from
institutional authors working up specimens from an
oceanographic cruise to individual (non-professional) authors
describing self-collected specimens.

3.3 Standing the test of time

The description of a new species is the result of a hypothesis that
a specimen or group of specimens differ enough from known
species and should be designated by a separate name. Like all
hypotheses in science, such a hypothesis can be falsified, i.e., a
species described as new by author A can be treated as a synonym of
another by author B. However, because there are rarely two or more
taxonomists specializing simultaneously on the same group of
organisms (genus, or family, or even phylum) synonymization is
not a result that occurs quickly after the original description:
synonymization results from the accumulation of new evidence,
essentially the examination of new characters (e.g., molecular)
based on a new technique, or examination of additional
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specimens newly sampled from new localities, or the realization
that the same species had been previously described in a publication
unknown to author A. Synonymization is thus a decision process
that usually extends over many years (and can be reversed).

We have analyzed a time series of all the new marine species
described in 1910-2020 and examined their status (accepted/
unaccepted) as recorded in January 2023 in WoRMS. As
anticipated, the synonymy ratio climbs from 1.3% for species
described in 2013—which have barely had the chance to be
confronted to the test of time—to 25% for species described before
1950—which have been testable hypotheses for over 70-110 years
(Figure 10). Assuming that the synonymy ratio for newly described
species can be extrapolated from this time series, it is thus possible that
up to 25% of the species described in modern times will ultimately end
up as synonyms, ie., roughly, only 1,750 of the 2,332 new marine
species described annually represent valid discoveries.

4 Discussion

The description of a new species in a scientific publication
involves a number of successive conditions, which can form direct
or indirect barriers to new species discovery:

frontiersin.org


https://doi.org/10.3389/fmars.2023.929989
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Bouchet et al.

Zootaxa

Zookeys

Revista de la Academia Canaria de Ciencias

Bollettino Malacologico

Journal of the Marine Biological Association of the United Kingdom
Systematic Parasitology

Visaya

European Journal of Taxonomy

Marine Biodiversity

Novapex

Raffles Bulletin of Zoology

0 20 40 60 80 100 120 140 160 180 200
miF<1
miF>1
mNolF

Malacologia Mostra Mondiale
Xenophora Taxonomy

Mémoires du Muséum national d'Histoire naturelle
Gloria Maris

Journal of Parasitology

Records of the Australian Museum
Journal of the Ocean Science Foundation
Crustaceana

Zoological Journal of the Linnean Society
Iberus

Journal of Natural History

Plos One

Marine Biology Research

FIGURE 6

The journals containing the description of five new marine species or more, ranked by number of descriptions in our dataset; color code reflects the

Impact Factor (IF).

4.1 Specimens have to be collected in the
field and/or be available in a repository

For many decades of scientific discovery of marine biodiversity,
the sampling of specimens of potentially new species in the field
used to be limited by the difficulty of travelling to what were then
remote parts of the globe. Although insecurity issues still limit
access to certain coastlines or open seas, travel is of course infinitely

10.3389/fmars.2023.929989

No. of described species

easier/faster today than it was a century, or even 50 years ago.
However, there are still limitations to sampling new species in the
world’s oceans. Access to the deep sea has been possible for 150
years from specially equipped vessels, but the discovery and
exploration of vent ecosystems only started 50 years ago at the
onset of manned research submersibles (e.g. Amon et al., 2017;
Thaler and Amon, 2019: Robertson et al., 2022). Deep-sea
exploration remains limited by the availability of research vessels
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FIGURE 8

Focus of biogeographical activity of first authors in different continents/parts of the world. Each pie represents the new species from discrete parts
of the world, with n representing the number of species involved, and segments of the pie proportional to the geographical origin of the authors of

the species descriptions.

in many parts of the world. For instance, East Africa and many
island states (e.g., Seychelles, French Polynesia, Barbados) do not
have research vessels permanently operating in their EEZs. As noted
above, only 7.0% of the new species come from deeper than 1,000
m, and this is reflected in the map (Figure 5B) that essentially shows
empty high seas. Microscopic organisms (e.g., mesopsammon,
parasites, picophytoplankton) require special laboratory
techniques for isolation, preparation, sometimes also cultivation,
and study. Although many of these techniques do not require
exceptionally high skills or funding, they are best learnt from a
mentor; these are few in numbers, and their know-how may be lost
altogether when they retire. Finally, access to certain habitats still
rests on technologies that are not readily available to taxonomists,
e.g., sampling the mesophotic zone (e.g., Loya et al., 2019; Albano
et al., 2020) that requires the use of trimix gases and rebreathers, or
the sampling of gelatinous plankton (e.g., Haddock et al., 2017) that
requires ROVs.

4.2 A scientist has to be available to
examine them critically

Although taxonomy and taxonomists are often portrayed as
endangered species (Pearson et al., 2011; Wigele et al., 2011), there
have never been so many authors responsible for new species
descriptions. A significant part of the taxonomic workforce in fact
comprises retired professionals and citizen scientists. A citizen
scientist is not necessarily someone without training in science
but, like a retired professional, he/she is someone who is not paid to
do research and publish scientific papers. In the case of marine
molluscs, 57% of the 6,656 species described in 2000-2014 were
described by “amateurs” (Bouchet et al., 2016). Some would argue
that molluscs represent a special case, with a long tradition of
amateur taxonomists, but Fontaine et al. (2012a) likewise
documented that over 60% of the new land and freshwater
animals described from Europe in 1998-2007 had been described
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by non-professionals. Amateurs are recognized as an essential part
of the workforce in ecology and astronomy, but the magnitude of
non-professional taxonomists’ contributions to alpha-taxonomy
has not been fully realized until now. Fontaine et al. (2012a)
stressed the importance of developing a system that better
supports and guides this extraordinary workforce, as we seek to
overcome the Taxonomic Impediment and speed up the process of
describing planetary biodiversity.

4.3 A scientist needs to be aware of
previously named species in the same
genus or family

Until c. 20 years ago, a barrier to new marine species description
was access to knowledge of the already known species and their

descriptions. This essentially limited the practice of taxonomy to
professional scientists working in academic institutions in first-world
countries, with access to Zoological Record and a library with physical
copies of journals/books. Although the imbalance in favor of first-
world countries is still strong, the development of two publicly
accessible online resources is facilitating access to knowledge on the
already known species by a much broader public of professional and
non-professional scientists from throughout the world. One is the
World Register of Marine Species (WoRMS Editorial Board, 2023:
https://www.marinespecies.org/) founded in 2007, which is accessed
yearly by + 2 million unique users that in 2022 accessed 60 million
pages. (Incidentally, of the 568 animal species in our dataset, 34% are
missing in Zoological Record and 71% are missing in ZooBank). The
second is the Biodiversity Heritage Library (BHL: https://
www.biodiversitylibrary.org) founded in 2005, which is giving
access to literature published prior to 1923 (and to a lesser extent
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to more modern literature). Ironically, access to modern literature is
now the remaining bottleneck for knowledge of the already known
species and their descriptions: our study found that only 31% of the
new species descriptions in our 2013-2017 dataset are available
online in open access. Naturally, researchers use the services of
online networks (e.g., AcademiaEdu, ResearchGate; many may also
use the pirate site SciHub) and/or their institutions pay subscriptions
to commercial publishers, and when all these resources are combined
we found that altogether 77% of the current new species descriptions
are accessible online. This still leaves 23% that are not—mainly
because of copyright restrictions—and this constitutes a self-
imposed barrier to the work of taxonomists. Costs of institutional
subscriptions to journals are variable, but the online purchase of
single articles has a fixed price, and we found that, based on analysis
of the VLIZ library (Flanders Marine Institute, the institution
that hosts WoRMS), the 77 non-open access descriptions in our
600 species pool cost on average 25.5 € per species, with a range from
5€-180€.

4.4 The specimens under study and the
known species have to differ sufficiently for
the case for a new species to be made

Traditionally, new species were recognized and described based on
a suite of morphological characters, the examination and
interpretation of which require considerable training and
experience. In the early-mid 2000s, the advent of molecular
techniques, notably “DNA barcoding,” was seen as a revolutionary
new approach to taxonomical decision-making (e.g., Tautz et al., 2003;
Blaxter, 2004), a measure of distance between specimens. However,
after 20 years of DNA barcoding, only 8.9% (BOLD) and 18.3%
(GenBank) of newly described marine species include molecular data
in their attributes. Remarkably, this is a similar proportion as for the
already known marine species (GenBank=19.3%; BOLD=18.9%),
although with very different values in different phyla, from 51.7%
(GenBank) to 57.1% (BOLD) in fishes and 47.9% (GenBank) to 48.0%
(BOLD) in Cephalopoda, to 13%-25% (GenBank & BOLD) in most
phyla of the macrobenthos, and even less for nematodes, bryozoans,
and Foraminifera (Figure 11). Leaving aside the issue of the quality of
sequences, identifications and lack of vouchers for many of the data in
GenBank (e.g., Harris, 2003; Meyer and Paulay, 2005; Meiklejohn
et al,, 2019) and thus indirectly in BOLD, this implies that we are not
closing the gap between known species with and without a sequence,
which in turn implies that a solid experience of morphological
characters is still a requisite for the evaluation and description of
new marine species.

4.5 The description has to be published in
a scientific publication

Once a new species has been circumscribed and described

based on morphological and/or molecular characters, its
description must be made open in a publication. In selecting a
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journal to which to submit their work for publication,
professional scientists will probably choose a journal with the
highest possible Impact Factor, as this will have a positive effect
on their careers, promotions, and grant applications. However, it
is well known that taxonomic papers have a very long cited life
but a very low immediacy, and the publication of large taxonomic
papers or monographs in journals with high IF is actively
discouraged by such journals. The issue of cost is also an
important one in selecting a journal for publication, as journals
with high IF (many of them owned by commercial publishers)
charge publication costs. Without grant funds one cannot publish
in such a journal, and amateurs or retired professionals do not
have those funds. As a result, our study has demonstrated that
only articles with a small number of new species make it to
journals with an IF > 1 whereas works containing the description
of many new species are confined to journals or books without an
impact factor. The publication of large monographs is acceptable
to authors who do not care about the Impact Factor, and there is a
good chance that such authors will be retired professionals or

citizen scientists.

4.6 On a final note

Through a combination of improved access to existing
knowledge, improved communication among taxonomists,
technological advances, and the development of new communities
of authors (emerging countries, citizen scientists), taxonomy is
definitely not a dying branch of marine sciences: there has never
been so many authors worldwide describing so many new marine
species. However, if the number of unknown marine species is
anywhere between 60,000 (Costello et al, 2012) and 1,950,000
(Mora et al,, 2011), then at the current pace of new species
description it will take 30-1,000 years before all marine species
are described. The lower end of this range would be optimistic
enough but, although this paper is not the place to discuss the size of
the reservoir of unknown species in the world oceans, it is obvious
that Costello’s estimate was far too conservative, and it is more
likely that we are still many decades away from an appropriate
inventory of the species that live on this planet.

Whereas there is no arguing about the barriers that new technology
can open, we want here to highlight lack of connection between what
technology can do and how it is actually used by the scientists who
describe new marine species. New marine species description is
still very much a cottage industry that relies on basic sampling
techniques and the observation of morphological characters. In our
age of environmental anxiety, there is a tendency for high-tech
oceanography to promote “non-invasive” observation/measurements
cruises. Although these generate exciting images that are shared—often
live—on the internet, such non-invasive observation programmes in
little-known parts of the world ocean are, in our eyes, lost opportunities
to discover unknown marine species.

Whereas the technical and technological barriers to new species
exploration are being lifted, it must be stressed, however, that the
regulatory barriers to this exploration are mounting. The Convention
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on Biological Diversity (CBD; https://www.cbd.int/convention/) has
been ratified by 196 countries—not including, notably, the USA - and
of these 135 are party to the Nagoya Protocol (https://www.cbd.int/
abs/). Compliance with regulations on “Access and Benefit Sharing”
and “Prior Informed Consent” is a formidable obstacle on the road to
the discovery of new species (Bouchet et al., 2016). Even the high seas
(Areas Beyond National Jurisdictions - ABNJs), which traditionally
have been free for all, are the subject of international discussions
(Tiller et al., 2019; Abegon-Novella, 2022). The pressure to include
digital sequence data (DSI) in the Nagoya Protocol, whereas seen by
some as a step in the right direction (Ambler et al., 2021), is causing
much concern in academia (Scholz et al, 2022). The regulations
introduced by the CBD and the Nagoya Protocol are seen by many
academics as limiting biodiversity discovery, when they were supposed
to boost it (Neumann et al,, 2018; Prathapan et al., 2018), and we
would like to see more countries creating the “conditions to promote
and encourage research [ ... ] through simplified measures on access
for non-commercial research purposes”, as included in Article 8a of
the Nagoya Protocol.

We have provided the metrics to judge whether the next decade
will witness an acceleration of new marine species discovery and
description, as advocated by several programs and networks. Some of
the barriers to this acceleration are clearly manmade. However,
discussions in international governmental forums are not heading in
the direction of simplifying access to biodiversity, and academics
should not expect the regulatory scene to change significantly in the
next decade. Conversely, we advocate for a better recognition of the
role of “amateur” taxonomists (citizen scientists and retired
academics) and supporting their research through publicly and
privately funded programs.
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