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Abstract

Zootaxa came as a new and innovative publication medium for taxonomy, amidst a scenario of devaluation of this important
biological science. After 20 years, it has ascertained itself as one of the main journals in animal taxonomy. However, the
contribution of the journal to the taxonomy of Mammalia (mammals), one of the most studied groups of animals with
a long-standing, dedicated spectrum of specialized journals (mammalogy), could have been expected as minor. All the
current and former editors of the Mammalia section of Zootaxa analyzed the relative contribution of the journal to the
description of new species of mammals since 2001. We also analyzed the contribution of Zootaxa by taxon, geographic
origin of taxa, and geographic origin of first authors. The taxonomic methodology of authors in species description is
described as well as the temporal trends in publications and publication subjects. We highlight the editors’ picks and
eventually, the challenges for the future. We found that Zootaxa has had a significant contribution to mammalogy, being
the second journal (the first being Journal of Mammalogy) in terms of number of new species described (76; 10.6%
of the new mammalian species described between 2001 and 2020). The majority of the new species were described
following an integrative taxonomic approach with at least two sources of data (86%). The analysis of published taxa, their
geographic origin, and the country of origin of first authors shows a wide coverage and exhaustive representation, except
for the species from the Nearctic. We conclude that Zootaxa has likely responded to a repressed demand for an additional
taxonomic journal in mammalogy, with as possible appeals the absence of publication fees and an established publication
speed. With 246 articles published in the past 20 years, the Mammalia section of Zootaxa embraces a large spectrum of
systematic subjects going beyond alpha taxonomy. The challenges for the future are to encourage publications of authors
from the African continent, still poorly represented, and from the palacontology community, as the journal has been open
to palacontology since its early days.
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Introduction

The field of taxonomy is one of the most successful and long-lasting scientific endeavors of humankind. We have
been naming and classifying plants and animals since the dawn of our species and since Linnaeus’s tenth edition of
the 1758 Systema Naturae, taxonomists have built a robust information system and norms that have provided the
means to systematically accumulate knowledge on biodiversity. The science of taxonomy has described nearly 1.8
million species on earth (Catalogue of Life et al. 2021). The description rate of new species has likely stabilized
at around 2000 per year since the 1960’s for marine taxa (Costello ez al. 2012). Nevertheless, this description rate
is largely heterogeneous, both in terms of geography and taxonomy (Bebber et al. 2007). For example, modeling
of taxonomic effort has indicated constant description rates for bivalves (Edie et al. 2017) and mammals (Burgin
et al. 2018). Those heterogeneities are problematic for key estimations of species richness, which are crucial for
conservation and macroecology modeling but also for taxonomic funding policy priorities.

Data generated by taxonomists and conserved in museums, biological, and historical collections are the core of a
massively distributed infrastructure of databasing, archiving, and voucher-based information systems. Biodiversity
digitization of museums and biological collections already generated 1.6 billion occurrences in GBIF alone (GBIF.
org 2021) as well as data for other databases with genetic data as GenBank® (www.ncbi.nlm.nih.gov/genbank/,
Clark et al. 2016), the BOLD Database (www.boldsystems.org/, Ratnasingham & Hebert, 2007) or morphological
data as in MorphoBank (morphobank.org/index.php, O’Leary & Kaufman 2012). More recently, those databases
have been interconnected, made publicly available, which constituted a revolution in the fields of macroecology
(Wiiest et al. 2020), conservation, biogeography, phylogenetics, phylogeography as well as zoonotic disease
studies -just to cite a few- by providing access and data curation, one of the main services provided by collections
(Schindel and the Economic Study Group of the Interagency Working Group on Scientific Collections 2020). As a
consequence, museums and taxonomists are also at the crossroads of major societal environmental stakes involving
climate change, pathogen emergence, landscape use, food security but also the trans-disciplinary education of a new
generation of environmental scientists (Bakker et al. 2020).

Most of this information has been gathered by a cross-generational constant flux of efforts of thousands of
scientists and amateurs around the world. Despite this massive contribution to humankind, taxonomy is often ill-
perceived and ill-funded, giving rise to concepts such as the “taxonomic impediment” (Hoagland 1996). Within
this context the journal Zootaxa was envisioned in 2001, and since then, has become the leading journal of animal
taxonomy (Zhang 2006). Embracing all animal taxa, the megajournal has had a positive impact on the number
and rate of biodiversity descriptions. It has also had a positive impact on the taxonomic community as a whole,
providing a discussion forum and platform to externalize points of views of the taxonomic community (e.g., Nagoya
Protocol in Prathapan et al. 2018). The share that Zootaxa has taken on taxonomy has drawn numerical attention
when Clarivate Analytics removed the journal from its Journal Citation report (JCR) listing in 2020, because of
an elevated number of self-citations. A unison outcry of revolt among zoologists, as well as the recognition that
Zootaxa is among one the top journals in zoology under most bibliometric indices and that the issue of higher self-
citation mainly arose from the journals’ share in taxonomic description, made Clarivate back down and re-include
Zootaxa on its JCR (Pinto et al. 2021).

For most of the taxonomic community, especially the ones with few specialists and scientific societies, the rise
of Zootaxa, a high throughput and internationally visible journal, came as a relief in areas with often limited number
of high visibility journals (Hamilton et al. 2021). On the other hand, the contribution of Zootaxa did not seem to
be guaranteed to the taxonomists of animal taxa with well-established communities, diversified research areas,
with many national and transnational scientific societies already managing their own sets of journals. Mammals,
for instance, are probably one of the most studied animal classes. The field of mammalogy is especially interesting
to analyze the impact of Zootaxa since it has a broad range of well-developed research areas with considerable
scientific depth, mostly because of our self-interests as humans. Mammalogy has a number of dedicated journals
(Anderson & Van Gelder 1970) and an international federation with 23 national scientific societies studying living
mammals (wWww.internationalmammalogy.org). Here, we present a numerical, qualitative analysis of the contribution
of Zootaxa to the field of mammalogy, detail its contribution to the community and highlight some critical points.
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The contribution of new species of mammals in Zootaxa

To analyze the contribution of Zootaxa relative to other journals in the publication of new species of living mammals,
we used the Mammal Diversity Database (Burgin ef al. 2018). New species were filtered from 2001, the year when
Zootaxa was first published, to 2020. We identified the journals that published new mammalian species but excluded
book chapters and books. We first counted the number of new species described in each journal, then analyzed the
geographical distribution of new species by journal and the relative contribution of Zootaxa by mammalian order

and by biogeographical realm of the described species.
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FIGURE 1. New species of mammals described between 2001-2020 across journals. Colored bars represent mammalian orders

(a) and biogeographic realms (b).
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In total, 101 journals published new species of mammals since 2001. This high number is due to the inherent
fragmentation of the field of mammalogy as a result of the large ecological spectrum of mammalian species and
the vast array of study techniques (e.g., marine mammals, bats, and primates have specific journals). Our analysis
shows that new species of mammals draw a heterogeneous interest for publication ranging from new primates and
baleen whales published in Nature or Science, to small mammals described in journals maintained by museums and
societies. Journals also vary in scope from traditional centenary journals in the fields of mammalogy and zoology,
to high impact journals focused on molecular phylogenetics, ecology, biology, and evolution.

Of'the 726 new species of living mammals described between 2001 and 2020, 713 could be allocated to journals.
One third of the species (232) were published in three journals: Journal of Mammalogy (103), Zootaxa (76), and
American Museum Novitates (53). Eleven other journals contributed to 34% of the new species (249) (Figure 1).
The number of mammalian species described in Zootaxa corresponds approximately to 10.6% of the mammalian
species described since the journal’s launch (Figure 1). The species have been described at an average rate of 4.7/yr
(stdev. 2.7) from 2005, year of the first new species published in Zootaxa, to 2020 (Figure 2). The analysis of the
proportion of new species described by mammalian orders does not suggest any taxonomic bias towards a particular
order in the new species published in Zootaxa, covering seven orders (Figure 1a): Rodentia (33 ssp.), Chiroptera
(25 ssp.), Eulipotyphla (11 ssp.), Dasyuromorphia (3 ssp.), Peramelemorphia (2 ssp.), Didelphimorphia (1 ssp.), and
Artiodactyla (1 sp.). The Journal of Mammalogy, which published new species description in 10 orders, is the most
diverse. Similarly, the biogeographical origin of the new species described shows the absence of geographical bias
in Zootaxa with new species described from five out of six biogeographic realms: Neotropic (30 spp.), Afrotropic
(20 spp.) Indomalaya (11 spp.), Australasia/Oceania (9 spp.), and Palearctic (6 spp.) (Figure 1b). The exception is
the absence of publications of new species from the Nearctic realm, which have been published mainly in North
American journals.

Our analysis based on the proxy of new species descriptions shows that Zootaxa has had a significant
impact on the field of mammalogy. Interestingly Zootaxa seems not to have filled an empty niche in the mammalogy
spectrum either of taxa or regions that did not have an adequate outlet. Instead, and most importantly, Zootaxa likely
came to fill a repressed demand for an additional taxon-based publication medium. The factors that made Zootaxa
appealing to authors, from our diverse perspectives are mainly the absence of publication fees, an established
publication speed, and good bibliometric indices in zoology.

Contribution of Zootaxa to mammalogy: More than taxonomy

Within the last twenty years 246 articles, 31 (12,6%) of them with open access, addressing mammals were published
in Zootaxa. The average rejection rate was 48% (2003-2019). Only two years after the first Mammalia publication in
Zootaxa (Gaubert et al. 2003), we observed a clear upward trend in the number of articles, peaking at 28 publications
in 2013 (Figure 2). In the last five years, Zootaxa has published on average 19 mammal-related articles per year with
16 new species described (2016-2020). Within this range of publications, eight are monographs (min. 61-max. 216
pp.)-

The contributions published in Zootaxa encompass a wide variety of topics. Within the realms of systematics,
publications have ranged from new distribution records and taxonomic assessments to species descriptions,
nomenclatural acts, and designation of type material. It has also provided a platform for biogeographic research
and for reporting natural history information (Figure 2). Although some species lists and distributional records were
published in the earlier years, the Mammalia section of Zootaxa is now focusing on manuscripts strictly dealing with
systematics, including description of new species, nomenclatural changes, taxonomic revisions, phylogenetics, and

phylogeography.

Extinct and fossil taxa

Palaeontology is at the crossroads of a number of geological and biological disciplines, so that a large variety of
journals is available to palacontologists. Although taxonomy represents an integral part of paleontological studies,
Zootaxa is not receiving enough enthusiastic support from the palacomammalogist community, when compared to
its modern counterpart. As an ancient naturalist discipline, palacontology is affected by the weight of traditions, and
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palacomammalogists have a long-held tradition of publishing in journals dedicated to vertebrate palacontology and
evolution (e.g., Palaeontology, Journal of Vertebrate Palaeontology, Journal of Human Evolution, Geodiversitas),
but this should be equally the case for zoologists. Such a lack of interest for a journal specialized in taxonomy is
puzzling since the recognition and delimitation of fossil species constitute the core of all palacontological research.
One reason might be that Zootaxa is still labelled as a journal made by and for biologists, zoologists in particular,
but luckily such prejudice does not seem to be spread across all continents. So far, 22 articles in palacomammalogy
have been published in Zootaxa, including the description of 14 new species. In recent years, a vast majority
of palaeontological studies published in Zootaxa involved South American groups (especially notoungulates,
xenarthrans, and marsupials), while a few studies dealt with the (re)description of Asian or North American
fossil species. We also observed that only one European (Van der Geer et al. 2014) and no African discoveries in

palacomammalogy managed to find their way in the Mammalia section of Zootaxa, while those two continents
include vibrant palacontologist communities.
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FIGURE 2. Temporal trends of articles published in the Mammalia section of Zootaxa between 2003 and 2020 by contribution

type, as percentage (top) and number of publications (bottom) per year. Black line shows the temporal trend of new species
described in Zootaxa.
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Origin of authors

For the analysis of authors’ country, we included all papers published in Zootaxa, not just the new species descriptions.
The mapping of the first author’s affiliations shows that scholars from 45 countries, including all continents, have
published in Zootaxa (Figure 3). This suggests, as in the analysis of new species contribution, that Zoofaxa came to
supply a repressed demand for taxonomic studies worldwide. Most papers were published by authors from western
hemisphere continents, led by Brazil (22.5%), the United States (11.8%), and Argentina (10.2%). The geographical
bias towards the western hemisphere might be due to the regional biodiversity richness, in association with funding
availability from national agencies that do not cover publications costs, regional policies oriented towards taxonomy
(e.g., Carvalho et al. 2007; Rodman & Cody 2003) or the commitment of proactive western mammalogical societies.
Moreover, strikingly, African authors are very poorly represented, including only five publications with leading
authors from that continent.
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FIGURE 3. First authors’ country affiliations of Mammalia articles published in Zootaxa between 2003 and 2020.
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FIGURE 4. Number of articles published in the Mammalia section of Zootaxa between 2003 and 2020 across biogeographic
realms (a) and taxonomic orders (b).

Target areas and orders of mammals

Zootaxa papers have addressed mammalian orders from all continents (Figure 4a). Most of those groups are from
South America (49.5%), reflecting the trends in author’s affiliations. Nevertheless, Asian and African mammals have
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been the focus of 33% of all the papers published in Zootaxa in the last twenty years. When exploring the orders of
mammals, a clear bias towards small-sized groups is noticeable (Figure 4b); rodent-focused studies accounted for
40.7% of all papers in the last 20 years, followed by bats (23.9%). This bias reflects the global pattern of uneven
focus in mammalian taxonomy and higher probability to find new taxa in species-rich groups.

Sources of data: an integrative practice

Sixty-nine Zootaxa studies described 76 new living mammals (see Appendix I), including Niviventer pianmaensis,
which was described as a subspecies (Li & Yang 2009), and Conilurus capricornensis, which was described from
cave material but is thought to still be extant (Cramb & Hocknull 2010). The vast majority of studies (Figure 5)
employed an integrative approach, with a combination of two or more types of data, including detailed comparative
anatomy analyses, especially of cranial, dental, and integumental anatomy, but also bacular (e.g., Goodman et
al. 2017; Kruskop et al. 2019); morphometric multivariate analyses, based mainly on craniometric traditional
measurements using principal component and discriminant analyses, but also employing MANOVA (Goodman
et al. 2015) or using a geometric morphometrics approach (Cucchi et al. 2006; Taylor et al. 2011); phylogenetic
analyses of molecular sequence data, especially cytochrome b, but also cytochrome oxidase 1, d-loop, ribosomal 12s
and 15s, ND2, and nuclear loci such as IRBP and RAGI; classic cytogenetics, especially for rodents but also used
in the description of the vespertilionid bat Laephotis stanleyi (Goodman et al. 2017); and comparative echolocation
analyses for bats (e.g., Reardon et al. 2008; Soisook et al. 2013,2015,2017; Goodman et al. 2011, 2015; Puechmaille
et al. 2014). Other sources of data less commonly employed in species descriptions were allozymes (Reardon et al.
2008; Verheyen et al. 2011), microsatellites (Puechmaille ez al. 2014; Ralph et al. 2015), and niche modeling (Ralph
et al. 2015).

Comparative
anatomy

Molecular

Morphometrics Cytogenetics

FIGURE 5. Venn’s diagram showing the number of new mammalian species described in Zootaxa between 2003 and 2020
based on molecular, morphometric, chromosome and qualitative anatomy data.

The vast majority (86%) of studies describing new species employed at least two or more sources of data (Figure
5), while 13% employed only qualitative morphology, and a single species, Niviventer pianmaensis, was described
(as a subspecies) based mainly on morphometric data (Li & Yang 2009). Comparative anatomy was employed in
84% of the studies, reinforcing its permanent central role in mammalian taxonomy, while 75% used morphometric
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data and 70% analyzed molecular data; chromosome data was used in only 20% of species descriptions. Only 6 new
species (8%) were described based on these four main sources of data (Taylor et al. 2011; Gongalves & Oliveira
2014; Quintela et al. 2014, 2017), while the most common combinations were molecular, qualitative anatomy
and morphometrics (36%) or anatomy and morphometrics (14%). Most molecular studies employed a single
mitochondrial marker (cytochrome b - only molecular analyses were performed in 34% of studies), and only a few
studies used mitochondrial and nuclear multi locus analyses (Velazco & Lim 2014; Rowe ef al. 2014; Travouillon &
Phillips 2018). Interestingly, only two studies performed phylogenetic analysis of morphological data, and no study
employed coalescent or species delimitation methods.

Editors’ picks

Soon after it was established, the Mammalia section of Zootaxa actively promoted the publication of taxonomic
revisions and species descriptions based on an integrative approach, combining morphological, ecological and
molecular-based evidence (Figure 5). Most of the publications appearing in the Mammalia section supports the
pattern of systematics as a modern, dynamic discipline that associates data obtained from both museum and field
surveys. The current and former editors (Table 1) provided a synthesis of articles that highlight the contributions of
Zootaxa to mammalogy.

TABLE 1. Former and current editors of the Mammalia section of Zootaxa.

Editors Period
Janet K. Braun 2002-2007
Geraldine Veron 2003-2007
Philipe Gaubert 20062020
Pedro Cordeiro-Estrela 20072011
Marcelo Weksler 2011-2017
Patl M. Velazco 2013—Present
Lionel Hautier 2014—Present
Pierre-Henri Fabre 2017—Present
Pablo Teta 2017—Present
Anderson Feijo 2020—Present

The Mammalia section of Zootaxa has contributed to the description of supraspecific taxa such as a new genus
of African mole rat (Kock et al. 2006), receiving the highest number of citations within the Mammalia section’s
publications (63). New species have been described from a wide spectrum of habitats and contexts, including an
antelope from African bushmeat markets (Colyn et al. 2010), a climbing rat from central South America (Rocha
et al. 2011; fourth best cited article: 43), an aquatic rodent from Indonesia with a unique eco-morphology (Rowe
et al. 2014), and a rodent from the Atlantic forest (Brazil), one of the most ecologically diverse regions of the
world (Gongalves & Oliveira 2014). The Mammalia section of Zootaxa has further contributed to the description of
endemic species throughout the world, notably a mouse from Cyprus Island in the Eastern Mediterranean (Cucchi
et al. 2006; second best cited article: 56) and a sigmodontine rodent from Argentina (Jayat et al. 2010; fifth best
cited article: 37). Breaching through the integrative best-practice approach, a new murine rodent species from
southern Africa (Angola) was described by Carleton et al. (2015) on the sole basis of morphological evidence but
was recently confirmed by a mitogenomic study (Nicolas et al. 2020).

The Mammalia section of Zootaxa has also published a large number of nomenclatural clarifications and
taxonomic revisions for various groups of species distributed around the world. These include a higher-level
mammalian nomenclature notably enlightening the issue of Cetartiodactyla usage (Asher & Helgen 2011), and the
revisions of extant Cingulata (Dasypodidae) from South America (Feijé6 & Cordeiro-Estrela 2016), Neotropical
big-eyed phyllostomid bats (Garbino et al. 2020), a complex of East African rodents (Murinae; Taylor et al. 2011),
rodent communities from Southeast Asia (Balakirev ef al. 2013), and Australian bats of the genus Pteropus (Helgen
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2004). Zootaxa has long been one of the few journals allowing to publish large monographs at no charge for the
authors. A marking article of the Mammalia section is the monograph on the mammals of the two Koreas (Jo ef al.
2018; 216 pp.), a concrete example of how taxonomy can sometimes go beyond political barriers.

Since its early days, the Mammalia section of Zootaxa has welcomed submissions on fossil taxa. Representative
examples of the fairly large spectrum of publications in the field of palaeontology include the revision of a
mammalian ichnogenus (Admeghinichnus), known only from its tracks, from the Middle Jurassic of Argentina (De
Valais 2009), and the description of new species of emblematic mammals such as Notoungulata and Cingulata from
South America (Shockey et al. 2016; Moura et al. 2019).

The Mammalia section of Zootaxa has also contributed to feed the societal debate that is inevitable when
tackling the taxonomy of iconic species, notably through the publication of an argued opinion on the taxonomic
status -and its legal consequences- of the dingo in Australia (Jackson et al. 2017; third best cited article: 48), itself
followed by a debate of opinions also published in Zootaxa (Jackson et al. 2019; Smith et al. 2019).

Conclusion

Zootaxa has had a significant contribution to mammalogy, being the second journal in terms of number of new species
described (76), which represents 10.6% of the new mammals that have been described since 2001. The majority of
the new species were described using an integrative taxonomic approach with at least two sources of data (87%)
and without declining sole morphology species delimitations. The analysis of the taxa published, their geographic
origin, and the country of origin of first authors show that Zootaxa has likely addressed a repressed demand for a
taxonomic journal rather than a specific publication niche within the large numbers of journals (101) that published
new mammalian species. With 246 articles published in the Mammalia section in the past 20 years, the contribution
of Zootaxa embraces a large spectrum of systematic studies going beyond taxonomy. The challenges identified to
reach a representative coverage of the taxonomic efforts worldwide are to encourage publications from authors from
the African continent and from the palacontology community, too few for the moment.
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