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ABSTRACT

Although currently most taxonomists claim to adhere to
the concept of ‘phylogenetic taxonomy’, in fact most of
the zoological classifications currently published are
only in part ‘phylogenetic’ but include also phenetic or
gradist approaches, in their arbitrary choices of the nodes
formally recognised as taxa and in their attribution of
ranks to these taxa. We here propose a new approach to
‘phylogenetic taxonomy and nomenclature’, exemplified
by a phylogenetic classification or cladonomy of the extant
amphibians (subclass LiIssAMPHIBIA of the class AMPHIBIA)
derived from a supermatrix-based phylogenetic analysis
using 4060 amphibian species, i.e. about half of the 8235
species recognised on 31 October 2020. These taxa were
represented by a mean of 3029 bp (range: 197-13849 bp)
of DNA sequence data from a mean of 4 genes (range:
1-15). The cladistic tree thus generated was transferred
into a classification according to a new taxonomic and
nomenclatural methodology presented here, which
allows a bijective or isomorphic relationship between the
phylogenetic hypothesis and the classification through a
rigorous use of suprageneric ranks, in which their hierarchy
mirrors the structure of the tree. Our methodology differs
from all previous ones in several particulars: [1] whereas
the current International Code of Zoological Nomenclature
uses only three ‘groups of names’ (species, genus and
family), we recognise four nominal-series (species, genus,
family and class); [2] we strictly follow the Code for the
establishment of the valid nomen (scientific name) of
taxa in the three lower nominal-series (however, in a few
situations, we suggest improvements to the current Rules
of the Code); [3] we provide precise and unambiguous
Criteria for the assignment of suprageneric nomina to either
the family- or the class-series, excluding nomina proposed
expressly under unranked or pseudoranked nomenclatural
systems; [4] in the class-series, for which the Code
provides only incomplete Rules concerning availability,
we provide precise, complete and unambiguous Criteria for
the nomenclatural availability, taxonomic allocation and
nomenclatural validity and correctness of nomina; [5] we
stress the fact thatnomenclatural ranks do nothave biological
definitions or meanings and that they should never be used
in an ‘absolute’ way (e.g., to express degrees of genetic or
phenetic divergence between taxa or hypothesised ages of
cladogeneses) but in a ‘relative’ way: two taxa which are
considered phylogenetically as sister-taxa should always
be attributed to the same nomenclatural rank, but taxa
bearing the same rank in different ‘clades’ are by no means
‘equivalent’, as the number of ranks depends largely on
the number of terminal taxa (species) and on the degree
of phylogenetic resolution of the tree; [6] because of this
lack of ‘equivalence’, some arbitrary criteria are necessary
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to fix a starting point for assigning a given suprageneric
rank to some taxa, from which the ranks of all other taxa
will automatically derive through a simple implementation
of the hierarchy of ranks: for this purpose we chose the
rank family and we propose a ‘Ten Criteria Procedure’
allowing to fix the position of this rank in any zoological
classification. As a result of the implementation of this
set of Criteria, we obtained a new ranked classification of
extant lissamphibians using 25 suprageneric ranks below
the rank class (11 class-series and 14 family-series ranks),
and including 34 class-series and 573 family-series taxa,
and where the 575 genera we recognise are referred to 69
families and 87 subfamilies. We provide new nomina and
diagnoses for 10 class-series taxa, 171 family-series taxa,
14 genus-series taxa and 1 species. As many new species of
amphibians are permanently described, this classification
and its nomenclature will certainly have to change many
times in the future but, using the clear, explicit, complete,
automatic and unambiguous methodology presented here,
these changes will be easy to implement, and will not
depend on subjective and arbitrary choices as it has too
often been the case in the last decades. We suggest that
applying this methodology in other zoological groups
would improve considerably the homogeneity, clarity and
usefulness of zoological taxonomy and nomenclature.

KEYWORDS

Amphibia, Lissamphibia, classification, phylogeny,
cladonomy, ergotaxonomy, taxonomic concepts, taxonomic
category, Code, Duplostensional Nomenclatural System,
nomenclatural rank, mandatory rank, nomenclatural
availability, taxonomic allocation of nomina, usage of
nomina, nomenclatural validity, nomenclatural correctness,
comprehensive list of nomina, class-series, family-series,
genus-series, synonymy load, nomenclatural parsimony,
taxonomic completeness, preventive taxonomy

TERMINOLOGY, CONVENTIONS AND
ABBREVIATIONS

In the present work, we use a very detailed and
precise technical terminology for nomenclatural,
taxonomic, evolutionary, biological and other
concepts mentioned in the text, Figures, Tables and
Appendices. We are conscious that this unusual
terminology will be found tedious or hard to follow
by some our readers. Although most of it has been
largely adopted by the Linz Zoocode Committtee
(Dubois et al. 2019) and a few of these new terms
have already entered the common language of
taxonomy and nomenclature, we do not expect
most of this terminology to be adopted soon by the
taxonomic community at large and incorporated

into the Code. We use this terminology for the
reasons already highlighted by Dubois (20005,
2011a, 2013) and Dubois et al. (2016, 2019),
mostly because the terminology of the current Code
is often unclear, ambiguous and misleading. Our
terminology has two very important advantages:
{Al} it provides non-ambiguous definitions of the
concepts used in our work; and {A2} it allows an
important parsimony in the expression of ideas in
our text, using a single term to express a concept,
even if complex, instead of a long periphrase. As
is well known by all those who have worked on
writing a glossary or dictionary, the exercise of
writing definitions for technical terms used in a
particular, specialised, domain, is very difficult and
demanding, but it allows considerable clarification
of one’s ideas and is beneficial to both its authors
and readers. In the text below, we will encounter
many cases of semantic disambiguation concerning
‘common’ terms of taxonomy and nomenclature,
such as nomen/paronym, author/scriptor, taxon/
taxomen, rank/category or type/onomatophore.
For those who have difficulties reading our text, we
suggest to have a printed version of our Glossary
at hand. After some time, they might become
accustomed to some of our new terms and even
appreciate them.

Appendix A1. GLO below provides definitions
and etymology for many terms and formulae used
in this work. These terms are printed in bold
italics at least on the occasion of their first or
most important uses in the text, whereas simple
bold is used to call attention to important terms or
expressions.

The term nomen (plural nomina) is used here
for ‘scientific name’, and the expression nominal-
series for ‘groups of names’ as used in the Code.

Simple italics are used for species- and
genus-series nomina, for titles of publications and
websites, for anatomical structures (e.g. musculus
semitendinosus) and for Latin-derived terms or
expressions (such as idem or hoc loco).

Today, more and more scientific information
is made publicly available on websites, blogs, etc.,
but not as genuine scientific publications (often
submitted to peer review and formally published
as permanent printed or online documents).
No guarantee exists that such electronic-only
databases, applications and other ‘gray’ documents
will still exist and be available to the scientists of
the future, even in the short term. For this reason,
whenever the same information could be found
in genuine publications, we refrained here from
giving such references for scientific information
relevant to our work. However, in the cases no
such permanent publications exist, we provided
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the electronic address of the online document,
designated by an abbreviation (e.g. <AWb 2020>
for Amphibian Web). Such references are given
separately from those of duly published works
at the beginning of our list of references, before
anonymous works (defined according to Dubois
2015b).

The following abbreviations and conventions
are used below, particularly in the chapter 3.3
presenting our cladonomy.

Nominal-series

CS. e Class-series (no term in the Code).

FS. @ Family-series (family group in the Code).

GS. e Genus-series (genus group in the Code).

NS. e Nominal-series (group of names in the Code).
SS. e Species-series (species group in the Code).

Mode of writing of nomina
Species-series nomina.
Genus-series nomina.
FAMILY-SERIES NOMINA.
CLASS-SERIES NOMINA.

Numbering of nomina

C.n.n. e Class-series nomen.
F.n.n. @ Family-series nomen.
G.n.n. ® Genus-series nomen.
S.n.n. @ Species-series nomen.

Numbers of taxa (see A.CLAD-1)

n Ct. @ Number of all-fossil class-series taxon or taxa, not
listed here.

n Ff. @ Number of all-fossil family-series taxon or taxa, not
listed here.

n Gt. e Number of all-fossil genus or genera, not listed
here.

n GIS. e Number of extant genera incertae sedis.

Etymology of nomina

G. e Etymology derived from classical Greek.

L. e Etymology derived from classical Latin.

N. @ Etymology derived from an available nomen.
P. @ Etymology derived from the name of a person.
R. @ Etymology derived from a modern language.

Homonymy, synonymy and synotaxy

Homonym, homonymous, homonymy. e Concerning any
nomen that has to be considered a homonym of another
one of the same nominal-series according to the Code
(in the genus- or family-series) or to DONS Criteria (in
the class-series).

Synonym, synonymic list, synonymous, synonymy,
synonymy load. ® Concerning any nomen of the same
nominal-series that applies to the same taxon according

to the Code (in the genus- or family-series) or to DONS
Criteria (in the class-series).

Synotaxic, synotaxic list, synotaxon. ® Concerning any
nomen of the same or different nominal-series, or
unassigned to any nominal-series (ecfonym), that
applies to the same taxon.

Categories of airesy

EPITA. e Explicit Internal Airesy.
ETA. e External Airesy.

IPITA. e Implicit Internal Airesy.

Nomenclatural systems

AONS. e Ambiostensional Nomenclatural System.
DONS. e Duplostensional Nomenclatural System.
LSNS. e Linnaean-Stricklandian Nomenclatural System.
MONS. e Metrostensional Nomenclatural System.
OONS. e Orostensional Nomenclatural System.

Ten Criteria Procedure for attribution of a nomen to the
rank family

CHC. e Consistent Hierarchy Criterion.

CNC. e Consistent Naming Criterion.

CPC. e Conflict of Precedence Criterion.

FPC. e Family-Series Precedence Criterion.

LR. e Lowest ranked nomen/taxon.

MRC. e Mandatory Rank Criterion.

NPC. e Nomenclatural Precedence Criterion.

NRC. e Non-Redundancy Criterion.

NTC. e Nomenclatural Thrift Criterion.

STC. e Sister-Taxa Criterion.

TCP. @ Ten Criteria Procedure.

UQ. e Upper (third) Quartile.

UQC. e Upper Quartile Criterion.

UQN. e Upper Quarter of Nomina.

Auctorship and date of nomina

|LEPOSPONDYLI|, etc. ® Class-series nomen used following
current tradition, but without auctorship and date, for
not having been validated according to DONS Criteria
(see Dubois 2006a).

[Noble, 1931|, etc. ® Secondary auctorship validated through
Atrticle 35.4.1 (see Dubois 2015a).

|[Bonaparte, 1850||, etc. ® Primary auctorship validated
through Article 40.2 (see Dubois 2015a).

Astrodactylus [Hogg, 1838] Hogg, 1839, etc. ® The nomen
Astrodactylus does not appear in the work of Hogg
(1838), but is implied by the presence in this work
of the family-series ASTRODACTYLIDAE; the nomen
Astrodactylus appeared for the first time in the work of
Hogg (1839).

Various abbreviations and conventions
BZN. e Bulletin of Zoological Nomenclature.
DOP. e Part of the identifier of a nomen established as new
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in the present work (‘Dubois, Ohler & Pyron’).

Glossary. e ‘Glossary’ section of the present work (Appendix
Al1l.GLO).

Keratodont formulae of tadpoles. ® Given here according to
the conventions of Dubois (1995a).

LLS. e Latonia-like situation, in which a single well-
diagnosable (by clear morphological, behavioural,
ecological or other characters, but not merely by its
position in a tree) species S is cladistically sister to a
group of several or many species G1 being itself well-
diagnosable from S, which leads to recognise a distinct
genus G2 for the latter (see details under M&M).

M&M. e ‘Material and methods’ section of the present
work.

Phalangeal formulae of digits (fingers and toes). ® They are
given under the form 2-2-3-3 for hands and 2-2-3-4-3
for feet, starting from the axial digit (closest to body
axis).

SVL. e Snout-vent length of a specimen.

The Code. ® The edition currently in force of the International
Code of Zoological Nomenclature (Anonymous 1999,
2012, 2014).

The Commission. ® The International Commission on
Zoological Nomenclature (see Anonymous 1999).

The LZC. @ The Linz Zoocode Committee (see Dubois et
al. 2019).

TL. e Total length of a specimen.

TREE. ® The molecular cladistic tree shown in A2. TREE-
1.

Other conventions
{Boulenger 1882}, etc. ® Sources of diagnoses of new taxa.
{Al}, {al}, etc. ® Items in a series of related items.
"". e Anoplonym.
"', @ Family-series nomen being redundant to a superordinate
class-series nomen in a given ergotaxonomy, that should
therefore not be used under the nomenclatural Criteria
used in the present work.
« » o Nomen expressly proposed as
(anhypsonym).
< > e Nomen expressly proposed as following the
International Code for Phylogenetic Nomenclature
(Cantino & Queiroz 2020) (notharchonym).

. ® Exact quotation from publication.

¢ ’. @ Highlighted, questionable or problematic term.

unranked

[T3E3]

Figures in text

F1.MOR. e Figure 1. MOR. Mandatory and optional
nomenclatural ranks in zoological nomenclature. (Page
29).

F2.MPT. e Figure 2. MPT. Monothetic and polythetic
classes. (Page 65).

F3.NDD. e Figure 3. NDD. A non-differential diagnosis for
anew taxon. (Page 66).

F4.TCP-1. e Figure 4. TCP-1. The Ten Criteria Procedure.

Example T1. (Page 106).

F5.TCP-2. e Figure 5. TCP-2. The Ten Criteria Procedure.
Example T2. (Page 107).

F6.TREE-3. e Figure 6. TREE-3. Oversimplified
phylogenetic tree of LisSAMPHIBIA on which the
present taxonomy is based, showing the families
and subfamilies recognised here as valid and their
relationships (Page 121).

Tables in text

T1.HIE. e Table 1. HIE. Hierarchical taxonominal levels
used in this work. (Page 33).

T2.SEQ. e Table 2. SEQ. Sequences of steps of allocation
of ranks. (Page 34).

T3.AVP. e Table 3. AVP. Criteria of unavailability of
publications. (Pages 36-37).

T4.AVN. e Table 4. AVN. Criteria of unavailability of class-
series and family-series nomina, and of nomenclatural
acts concerning them. (Pages 39-41).

T5.RHI. e Table 5. RHI. Categories of rhizonymy in the
family-series and class-series with their standard
endings used here. (Pages 43-45).

T6.ASN. e Table 6. ASN. Criteria of assignment of nomina
to the class-series or to the family-series. (Pages 46—
50).

T7.NS-1. e Table 7. NS1. Nomina and spellings. Definitions
of categories. (Pages 52-53).

T8.NS-2. @ Table 8. NS2. Nomina and spellings. Criteria of
distinction between categories. (Pages 54-56).

T9.ENZ. e Table 9. ENZ. Endings based on the stems form,
morph and zoo used for class-series nomina in Zhang
(2011a, 2013a). (Page 73).

T10.ENL. e Table 10. ENL. Endings used in the
protographs of panrhizonyms of class-series nomina of
LissampPHIBIA. (Page 74).

T11.LEG. e Table 11. LEG. Legethographs of class-series
nomina of AMPHIBIA. (Pages 76-78).

T12.ZYG. e Table 12. ZYG. Zygoidy. (Page 79).

T13.NOD. e Table 13. NOD. Resolution of suprageneric
polytomies in extant LisSAMPHIBIA. (Page 102).

T14.NUM. e Table 14. NUM. Number of suprageneric taxa
and nomina below class in LissAMPHIBIA. (Page 113).

T15.NEW. e Table 15. NEW. New nomina and paronyms of
LissampHIBIA introduced in the present work. (Pages
114-119).

T16.SYN. e Table 16. SYN. Synonymy load in extant
LissamPHIBIA (i.e., excluding all-fossil supraspecific
taxa) according to the taxonomy adopted here. (Page
123).

T17.PAR. e Table 17. PAR. Family-series paronymy
in extant LissamMpHIBIA (i.e., excluding all-fossil
supraspecific taxa) according to the taxonomy adopted
here. (Page 124).
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Appendices

A1.GLO. e Appendix 1. GLO. Glossary. (Pages 366—400).

A2.TREE-1. e Appendix 2. TREE-1. Detailed phylogenetic

tree of LissAMPHIBIA, showing all species and higher
supraspecific taxa recognised here as valid. (Pages
407-447).

A3.TREE-2. e Appendix 3. TREE-2. Simplified
phylogenetic tree of LISSAMPHIBIA, showing all genera
and higher supraspecific taxa recognised here as valid.
(Pages 448-452).

A4.RNK. e Appendix 4. RNK. Abbreviations for ranks
of taxa cited in Appendices A6.NFS, A7.NCS and
A8.ECT. (Page 453).

A5.NGS. e Appendix 5. NGS. Genus-series nomina and
taxa of LissaAMPHIBIA (Pages 454-557).

AG6.NFS. e Appendix 6. NFS. Family-series nomina and
taxa of LissaMPHIBIA. (Pages 558—613).

A7.NCS. e Appendix 7. NCS. Class-series nomina and taxa
of LissampHIBIA (Pages 614—662).

A8.ECT. Appendix 8. ECT. Ectonyms of LISSAMPHIBIA
(Pages 663-673).

A9.CLAD-1. @ Appendix 9. CLAD-1. Complete taxonomy
and nomenclature of LissAMPHIBIA proposed here.
(Pages 674-708).

A10.CLAD-2. e Appendix 10. CLAD-2. Simplified
cladonomy and nomenclature of LiISSAMPHIBIA proposed
here, showing all taxa from classis to subfamily and all
genera. (Pages 709-718).

A11.CLAD-3. e Appendix 11. CLAD-3. Families and
subfamilies of LissamPHIBIA here considered valid.
(Pages 719-723).

A12.CLAD-4. e Appendix 12. CLAD-4. Class-series
taxonomy and nomenclature of LISSAMPHIBIA proposed
here. (Pages 724-725).

A13.QUA. e Appendix 13. QUA. Usage of nomina of
families of extant LissAMPHIBIA from 1796 to 2014.
(Pages 726-729).

Al14.AIR. e Appendix 14. AIR. New airesies. (Pages 730—
732).

A15.MIS. e Appendix 15. MIS. Missing molecular data.
(Pages 733-735).

A16.BUF. e Appendix 16. BUF. The Buffon Declaration.

(Pages 736-737).
A17.ADD. e Appendix 17. ADD. Notes added in proofs.
(Page 738).

1. Introduction

Frequent are the laments over the instability
of our systematic nomenclature; bitter the
complaints against those who change names.
But surely such complaints are unjust when
urged against those who range themselves
under laws. We are forcibly reminded by such
complaints of the ancient apologue of the wolf
and the lamb. The stream of nomenclature has

indeed been much muddied, but it is due to the
acts of those who refuse to be bound by laws
or reason. The only way to purify the stream
is to clear out all the disturbing elements. In
doing so, mud that has settled for a time may
be disturbed, but this is at worst anticipating
what would have inevitably happened sooner
or later. We are suffering from the ignorance
or misdeeds of the past. In opposing the
necessary rectifications and the enforcement
of the laws, extremes may meet; conservatives
and anarchists agree. But the majority may be
depended upon in time to subscribe to the
laws, and the perturbed condition will then
cease to be.

Theodore Gill 1896: 600

The purpose of this work is double: {B1} to
propose new concepts and a new methodology
for phylogenetic taxonomy and nomenclature in
zoology, particularly at higher levels; and {B2} to
exemplify these proposals in detail by a new ranked
suprageneric cladonomy of recent amphibians.

One might argue that, despite the structural
interrelationships among these two topics, a better
choice might have been to devote one separate
work to each of them. However, in this respect our
work has one major classic precedent (Simpson
1945), not to mention the many works of lesser
ambition where new taxonomic and nomenclatural
concepts and methods were offered in the context
of revisionary works dealing with precise
zoological groups. General theoretical proposals
in these domains (e.g., Dubois 20055, 2006a),
are more difficult to grasp by newcomers than the
same proposals illustrated by detailed examples
(e.g., Kluge 2010), and on the reverse publishing
new taxonomic proposals but without a detailed
explanation of the taxonomic and nomenclatural
concepts and methods they rely upon (e.g., Frost
et al. 2006 for their suprageneric classification
and nomenclature) does not allow their clear
understanding and discussion.

We provide below an updated phylogenetic
classification (cladonomy) and nomenclature of
recent amphibians (LISSAMPHIBIA), i.e., the group
of'the class AMPHiIBIA (including all-fossil taxa) that
is represented in the extant fauna of our planet. This
requires an updated evaluation of the taxonomy
(formal recognition of taxa) of the group, based on
the most recent phylogenetic hypotheses, and an
updated nomenclature (identification of the valid
nomina for these taxa), based on unambiguous and
universal Rules or Criteria. We here use the term
recentto designate all lissamphibians, the term ‘all-
fossil’ for lissamphibian taxa that do not include
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a single extant species, and the term ‘extant’ for
all lissamphibian taxa that are represented today
by at least one species in the living fauna. Species
recently extinct (during the anthropocene), such
as Rheobatrachus silus, are here referred to the
category ‘extant’.

Today, the classification of Eucaryotes
cannot but be ‘phylogenetic’. This means that
only groups that are hypothesised, on the basis
of morphological, molecular and/or other
evidence, to be ‘monophyletic’ (sensu Hennig
1950) or holophyletic (Ashlock 1971), should be
recognised as valid taxa, and that the sequence of
nodes in the phylogenetic tree should be reflected
in the taxonomic hierarchy, more basal nodes
corresponding to higher, more inclusive taxa
(Hennig 1950, 1966; Wiley 1981). As phylogenetic
hypotheses are permanently modified (in most
cases improved) by the addition of new taxa and
new characters and the implementation of new
methods of analysis of the data, no classification
is or will ever be ‘final’, and taxonomists must
become accustomed to the fact that we work only
on ‘provisional’ or ‘working’ classifications, more
shortly ergotaxonomies (Dubois 2005¢). But, to
be fully ‘phylogenetic’, it is not enough for a given
ergotaxonomy to include only holophyletic taxa:
it must also reflect in all details the structure of
the tree, each node of the latter being formally
recognised as a taxon and named according to
a device that allows to identify its place in the
tree. This is currently not the case in any of the
classifications currently used in the literature,
particularly in the group of amphibians, for
two distinct reasons: {C1} only some nodes are
currently considered ‘worthy’ of being formally
recognised taxonomically and named; and {C2}
the ranks attributed to these taxa are arbitrary
and inconsistent, thus precluding their use for
communicating the structure of the phylogenetic
tree.

The building of the ergotaxonomy of a group of
organisms has to go through three stages, steps or
‘floors’: {D1} a phylogenetic analysis leading to a
phylogenetic hypothesis for the group (a cladistic
‘tree’); {D2} a transcription of this tree into a
classification of taxa; and {D3} the naming of these
taxa, following fixed sets of international Rules
of nomenclature or explicit Criteria for nomina
at ranks which are not regulated by the Code. We
detail below the methodology we used for each
of these three steps, and which leads to the three
results of this study presented and discussed below:
{E1} a cladistic tree of amphibians, designated
below as TREE (Appendices A2-3.TREE-1 to
A.TREE-3; Figure F6.TREE-3); {E2} a cladistic

suprageneric ergotaxonomy of  amphibians,
CLAD (Appendices A9.CLAD-1 to A12.CLAD-
4); and {E3} a nomenclature of suprageneric taxa
of amphibians (Appendices A9.CLAD-1 to A12.
CLAD-4).

Amphibians are a very diverse and charismatic
vertebrate group (Vitt & Caldwell 2009). The
recent amphibians (LISSAMPHIBIA) comprise
three groups, currently considered as orders: frogs
(ANURA), salamanders (URODELA) and caecilians
(GYMNOPHIONA). More than 8,200 species (8235
on 31 October 2020 according to <AWb 2020>)
are currently recognised in this group. Today, they
are found in almost every habitat on every land
mass except Antarctica and various islands and
archipelagoes (Duellman 1999). Amazingly, nearly
half of the known species have been described only
in the last 25 years (Dubois 2004c; <AWb 2020>),
for two main reasons: {F1} many groups exhibit
staggeringly diverse radiations in poorly explored
areas of the globe (such as the Andes, the Amazon
and Congo basins, the Oriental region and New
Guinea); and {F2} the methods and concepts used
to distinguish species have shown a major change
in the recent decades (due in particular to the
development of nucleic acid sequencing and of the
cladistic methodology, but also, in some groups at
least, by improvements in the methods of morpho-
anatomical study). This diversity is also currently
in crisis, as many of these hyperdiverse regions
have experienced major population crashes in
recent years, due to factors such as habitat loss,
destruction or degradation, climate change and
infectious diseases, and faunistic and genetic
pollution (Stuart et al. 2004). Thus, an updated
classification of these organisms is critically
necessary, to understand their diversity and
distribution, evolutionary history and conservation
needs.

Contrary to a widespread belief, it is not true
that the classification ofamphibians has long shown
only historical inertia and informal consensus
of researchers. In fact, all along the history of
biology, and even long before taxonomy became
‘phylogenetic’ and ‘molecular’, the classification
of amphibians has witnessed permanent and
considerable changes, mostly through the
identification of homoplasy and polyphyly, and
more recently paraphyly, but ‘incidentally’ and
‘intuitively’, before these concepts were clearly
identified and named, indeed before the concept of
evolution was adopted as the paramount concept
of biology, or even accepted as being scientific.
The current classification of the amphibians is the
result of this long progress of knowledge about
these animals. This process started by the use
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of morphological characters of adults, initially
external and later internal (mostly sketetal), then
by the consideration of larval characters, then by
the use of data from behaviour, karyology, protein
electrophoresis and nucleic acid hybridisation,
and finally (first mitochondrial and later
nuclear) nucleic acid sequencing. The Hennigian
‘revolution’ was followed by the introduction
of the cladistic methodology based on morpho-
anatomical characters in the 1970s, and molecular-
based phylogenies started being produced in the
early 2000s.

A complete and detailed review of the history
of the taxonomy of amphibians would be beyond
the scope of the present work, as it would require
not only comparisons of classifications but also,
and more significantly, of the characters on which
these classifications were based, and on the way
these characters were used, that showed several
dramatic changes over two centuries and a half.

In amphibians like in all other groups,
taxonomy began by using ‘overall resemblance’
(expressed through the use of vernacular terms to
designate the taxa: ‘frog’, ‘toad’, ‘treefrog’, etc.),
and only later started to analyse this ‘similarity’
in terms of characters. In many cases this showed
that ‘overall resemblance’ was not, as could be
understood through the claims in some recent
works, ‘completely stupid’. Despite the much
repeated statements of Hennig and some of his
disciples, as soon as classifications started being
based on explicit characters, no classification has
ever been ‘completely phenetic’, as all authors
have always classified the males and the females
as members of the same species, and rejected
as ‘unnatural’ taxa in which ‘resemblance’ was
clearly due to ‘convergence’. The Hennigian
‘revolution’ was a methodological revolution
the most important novelties of which were the
introduction of the concepts of plesiomorphy
and apomorphy and of an explicit methodology
of cladistic analysis, but, when one considers
the classifications, the transition from so-called
phenetic to so-called phylogenetic classifications
was much smoother and progressive than it has
often been claimed. What is clear is that before the
time of molecular studies, researchers interested in
the evolution and taxonomy of amphibians had to
examine specimens and ‘read’ their phenotype in
terms of characters, which is far from being always
the case today.

‘Overall resemblance’ as understood in many
old works usually consisted in a set of characters
that often appear correlated within the organisms
(see examples below), not necessarily for being
inherited from a common ancestor, but often for

constituting a set of features that allow a good
adaptation to a certain mode of life, therefore
reflecting convergence. But subsequent studies
of other characters, independent from this set
of correlated ones, often allowed to show that
homoplasy was at stake. In frogs for example,
from the very early days of systematics, various
‘general morphotypes’ were identified which
show adaptation to aquatic, terrestrial, burrowing,
arboreal, hypogeous, etc., modes of life. These
groups correspond in fact to the concept of ‘guild’
as used initially in birds’ ecology and more recently,
with much success, in larval anurans (Altig &
Johnson 1989), but quite strangely not in adult
amphibians, although it could be of great use in the
understanding of their evolution and adaptations.

A few examples will be enough to show that,
even before the introduction of ‘phylogenetic
taxonomy’ and molecular sequencing, major re-
evaluations of the taxonomy had taken place,
based on morphological characters alone.

In what is often considered the first scientific
classification of animals, Linnaeus (1758a) showed
a very poor understanding of ‘lower’ vertebrates.
He recognised only two of the three groups of
recent amphibians that we still recognise today, but
simply as genera: Rana for the anurans, which he
placed in a group also including Lacerta, Testudo
and Draco; and Caecilia for the caecilians, which
he placed within the snakes. As for the urodeles,
he did not even recognise the group, as his genus
Lacerta lumped as ‘lizards’ several other groups
of ‘reptiles’ and the urodeles. The frogs were
recognised as a group of its own already by Scopoli
(1777). The salamanders were removed from the
lizards by Brongniart (1800a—b), who was also the
first one to point to their close relationship with
frogs, and to remove caecilians from the snakes,
but without referring them to the amphibians. This
was formally done by Duméril’s student Oppel
(1811a—b), who was the first author to recognise
the three groups of recent amphibians we recognise
today.

Among the urodeles, some retain branchiae
in the adult stage and were long considered as
‘branchiate’ salamanders. The first discovered
ones were described as the genera Siren Osterdam,
1766, Proteus Laurenti, 1768, Gyrinus Shaw, 1798
(later renamed ‘Axolotl Oken, 1821’ and Axolotus
Jarocki, 1822) and Amphiuma Garden in Smith,
1821. For a while two schemes were in force in
parallel in the literature for the classification of
these genera: {G1} following Sonnini & Latreille
(1801d), placing them in a special taxon, sister to
that accommodating the frogs and salamanders;
and {G2} following Duméril (1805), placing them
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in the urodeles. Latreille (1825) was the first author
to realise that axolotls were larval salamanders and
to separate them from the other three genera.

The concept of ‘treefrog’ (recognised in
many languages under widely different terms
such as ‘rainette’ in French or ‘Laubfrosch’ in
German) is particulartly enlightening to show
how, on the basis of morpho-anatomy alone, the
taxonomy of amphibians progressively freed itself
from the ‘overall resemblance’ paradigm. The
term ‘treefrog’, indicating in most cases (but not
always) an arboreal mode of life, corresponds to a
rather well defined morphotype or ‘syndrome’ that
would allow recognition of a ‘guild’, including;
{H1} enlarged adhesive digital tips (identified
from the early days of frogs’s systematics);
{H2} presence of intercalary additional elements
before the last phalanx of digits (first mentioned
apparently by Gadow 1901: 27 and Noble 1922:
22, 59, 71); {H3} granular ‘treefrog belly skin’
(Ohler 1999: 40; first mentioned apparently by
Cope 1889a: 321); {H4} absence of latero-dorsal
folds; {HS5} short hind limbs; {H6} incomplete
webbing; and {H7} often uniform green colour.
As now documented by molecular methods, we
know that this ‘syndrome’ appeared independently
in a number of evolutionary groups (Manzano et
al. 2007), but by itself this finding is not in the
least new, as it had already been made through
careful purely morphological observations and
without recourse to the Hennigian concept of
synapomorphy. What the modern methods allow
is to go deeper, more reliably and in more details
into the resolution of such cases of homoplasy, but
this does not constitute a ‘conceptual revolution’.

The concept of ‘treefrog’ is missing in
Linnaeus, but both Garsault (1764) and Laurenti
(1768) erected a genus (respectively Ranetta and
Hyla) for the frogs having enlarged adhesive pads
at the extremities of digits, which were first all
referred to the latter genus for decades. This genus
was then progressively dismantled into several
genera or/and subgenera but which were long left
in the same higher group as all other frogs: three in
Fitzinger (1826), nine in Wagler (1830), twelve in
Bonaparte (1831a), twenty-two in Tschudi (1838),
sixteen in Duméril & Bibron (1841), thirty-seven
in Fitzinger (1843), etc. Giinther (1858) was the
first author to dispatch the treefrogs genera in nine
families placed in three ‘sections’.

Cope (1864h, 1875) went a step further, in
distinguishing two main groups of frogs based on
the ‘arciferous’ or ‘firmisternous’ structure of the
pectoral girdle, which led him to sort the ‘treefrogs’
in two distinct families (HYLIDAE and RANIDAE)
referred respectively to these two groups long

called ‘hyloids’ and ‘ranoids’. Noble (1931: 524)
restricted the latter family to the frogs devoid of
intercalary cartilage and erected a distinct family for
those having this character. Subsequent works have
shown that the ranoids with enlarged adhesive pads
but missing this intercalary element were in fact
not ‘treefrogs’ and were missing other characters
of the ‘treefrog syndrome’, pointing to other modes
of life: for example, the members of several ranid
genera (e.g. Amolops Cope, 1865, Meristogenys
Yang, 1991 and Odorrana Fei, Ye & Huang,
1990) having smooth bellies, long limbs, and often
dorsolateral folds and polychromous coloration,
are rheophilous and not arboreal. But even among
these frogs, careful examination of the morphology
of these enlarged digit tips allowed homoplasy to
be uncovered (Ohler & Dubois 1989).

Another major step in the identification of
homoplasy in ‘treefrogs’ was Laurent’s (1951)
splitting of ‘ranoid’ treefrogs into two families
(RHACOPHORIDAE and HYPEROLIIDAE) which are
only remotely related. Other more recent findings
were supported by molecular data, so that today
more than ten different higher taxa correspond to
the initial phenetic concept of ‘treefrog’ (Manzano
et al. 2007) but, as shown by this quick survey,
part of this result was already obtained by
‘traditional’ morphological studies and did not rely
on molecular phylogeny. In fact, whereas purely
morphological methods have proved to be quite
efficient to detect polyphyly, they have been much
less so to detect paraphyly, and for this purpose
molecular phylogenetic methods have been much
more useful.

For more than a century, a number of authors
proposed an overall classification of all extant
amphibians (Laurenti 1768; Brongniart 1800a—b;
Daudin 1800, 1803a—b; Sonnini & Latreille 1801a—
d; Duméril 1805; Oppel 181la—b; Blainville
1816a-b, 1835; Merrem 1820; Gray 1825, 1831a;
Latreille 1825; Fitzinger 1826, 1843; Bory de
Saint-Vincent 1828; Ritgen 1828; Wagler 1830;
Bonaparte 1831a-b, 1840a—b, 1850; Tschudi
1838; Hogg 1838, 1839a—b, 1841; Haeckel 1866b;
Lataste 1878a, 1879a, 1888; Sarasin & Sarasin
1887, 1890; Zittel 1888; Gadow 1901; Stejneger
1907; Noble 1931; Laurent 1948a—b; Kuhn 1961,
1962, 1965; etc.) or of one of their three groups:
frogs (Duméril & Bibron 1841; Giinther 1858;
Cope 1864b, 1865, 1866, 1867, Mivart 1869;
Boulenger 1882h, 1888; Nicholls 1916; Bolkay
1919; Fejérvary 1921h; Miranda-Ribeiro 1926;
Laurent 1967; Reig 1958; Griffiths 1959, 1963;
Tatarinov 1964a; etc.), salamanders (Gray 1850;
Duméril et al. 1854; Boulenger 1882¢; Brame 1957,
1958; Thorn 1969; etc.) and caecilians (Duméril
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& Bibron 1841; Boulenger 1882c; etc.). However,
as the number of species of other taxa increased
dramatically, it began more difficult to embrace
the taxonomy of the whole group. Many authors
then concentrated their work on subsamples of the
group, defined either taxonomically (Parker 1934;
Fuhn 1960; Wake 1966; Taylor 1968; Duellman
1970, 1977; etc.) or geographically (Kellogg
1932; Rivero 1961; Cei 1962, 1980; Liu & Hu
1961; Zweifel 1972; Dubois 19815, 1987a, 1992;
etc), and fewer and fewer authors endeavoured
to provide a comprehensive classification of the
whole group. Interest in such a more complete
approach was triggered by the renewed approach
of phylogeny initiated by Hennig (1950, 1966),
and morphology-based phylogenetic hypotheses
concerning some groups started being produced
(Liem 1970; Lynch 1971, 1973b; Duellman
1975; Clarke 1981; Rocek 1981; Channing 1989;
etc.), followed by new general phylogenies and
classifications of the extant amphibians (Inger
1967; Sokol 1977; Dowling & Duellman 1978;
Goin et al. 1978; Laurent 1980, 1986; Dubois
1983b, 1984b, 1985, 2005d; Duellman & Trueb
1985; Lynch 1971, 1973bh; Trueb 1971; Starrett
1973; Heyer 1975; Heyer & Liem 1976; Milner
1988; Fei et al. 1990; Trueb & Cloutier 1991;
Blommers-Schlésser 1993; Cannatella & Hillis,
1993; Ford & Cannatella, 1993; Larson &
Dimmick, 1993; Duellman & Trueb, 1994; etc.).

With the advent and increasing popularity
of molecular systematics starting in the 1990s,
phylogenetic estimates of many amphibian
groups started to appear, and also began to
illustrate numerous problems of the prevailing
classification, including newly recognised
lineages through the resolution of paraphyletic and
polyphyletic groupings, often due to homoplasy
and morphological convergence (Graybeal 1993;
Marmayou et al. 2000; Biju & Bossuyt 2003;
Darst & Cannatella 2004; Faivovich et al. 2005;
Roelants & Bossuyt 2005; San Mauro et al. 2005;
Wiens et al. 2005a—b; Grant et al. 2006).

Since the 2000s, there have been several
attempts to utilise this information to stabilise
the taxonomy and nomenclature of amphibians.
Dubois (2005d) proposed a synthesis of available
phylogenetic and taxonomic information, though
he noted that many groups were poorly diagnosed
and delimited. Frost et al. (2006) produced the
landmark work “The Amphibian Tree of Life”,
containing for the first time a comprehensive
phylogeny for amphibians based on DNA
sequence data, and a taxonomy that transcribed
this estimate of evolutionary relationships into a
unified scheme for extant taxa. Subsequent works

have refined the phylogeny of several groups (Sa
et al. 2012; Grant et al. 2006; etc.), but overall the
phylogenetic framework was corroborated, and
the taxonomy represented a robust framework for
future revision. It should be noted however that,
in the recent decades, except in a few groups like
the HyrLoipEA, much more information has been
obtained on the molecular relationships of recent
groups than on their morphology and anatomy,
a domain which remains largely unexplored and
which in the future might disclose some important
problems regarding phylogenetic hypotheses.

As for the nomenclature of the amphibians, it
long remained based on obsolete interpretations
based on a very incomplete review of the existing
literature and on a largely shared ignorance of the
Rules of the Code, especially for the nomina of taxa
above the rank genus. To give just one example,
in most works before 1981, the family including
the genus Rana was named ‘RANIDAE Bonaparte,
1831°, because this author was (wrongly) believed
to have been the first to use the spelling RANIDAE
for this nomen, which ignored the fact that, under
the Rules, its author was Batsch (1796) who had
first named it as RaninT (Dubois & Bour 2011) and
that it had been mentioned under various aponyms
(avatars) of the latter before 1831 (Dubois 1984b:
41). Dubois (198156, 1983b, 1984b, 1987a, 1992,
2005d) clarified the historical and nomenclatural
status of many nomina of amphibians, and in
particular (Dubois 2004b) those of higher taxa
above the rank superfamily, for the taxonomic
allocation and the nomenclatural wvalidity of
nomina of which the Code does not provide Rules.
Unfortunately, following Frost et al. (2006), these
analyses were largely ignored or challenged in
subsequent works, and the higher nomenclature
of amphibians used in recent websites (e.g. <ASW
2020a, AWb 2020, GBIF 2020, ITIS2020, SN 2020,
Taxonomicon 2020, ToL 2020, uBio 2020>), which
is based on several factual errors and inconsistent
nomenclatural Criteria, requires correction (see
Dubois & Ohler 2019).

In 2011, Pyron & Wiens presented the first
large-scale (i.e., with the aim of representing
species-level diversity) phylogenetic estimate
for amphibians containing 2,871 species (Pyron
& Wiens 2011), 5.5 times more than the 522
species sampled by Frost et al. (2006). These
species represented essentially all major lineages
of amphibians, including 432 (86 %) of the 504
genera recognised at that time. The results were
actually fairly similar to those of Frost et al.
(2006), resolving a few lingering issues such
as the holophyly of South American marsupial
frogs (family HEMIPHRACTIDAE), and naming
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additional lineages within the former family
LerropACTYLIDAE (see Fouquet et al. 2013). This
study has since been widely used as a baseline in
studies of amphibian systematics, including both
taxonomy and evolutionary analyses, given the
usefulness of the topology and branch lengths
for phylogenetic comparative analyses (Bell &
Zamudio 2012; Fritz & Rahbek 2012).

Despite the enormous advances and apparent
robustness and stability of the phylogenetic
estimates and taxonomy and nomenclature of
Frost et al. (2006) and Pyron & Wiens (2011), they
cannot be considered the final word in amphibian
systematics, for a number of reasons. The first is
that no taxonomy will ever be final, as accumulation
of data and knowledge will continue endlessly.
Numerous new lineages of amphibians have been
recognised since 2011 that alter our interpretation
of evolutionary history, phylogenetic relationships
and nomenclatural allocations (Kamei et al. 2012;
Barej et al. 2014). The second is that the inevitable
errors that will plague any large-scale scientific
study, in this case mostly misidentified or erroneous
sequences or insufficient taxonomic or character
sampling within some lineages, has changed the
phylogeny in some places (Blotto et al. 2013),
necessitating further taxonomic clarification.

The third reason is perhaps the most important,
which is that both Frost et al. (2006) and Pyron &
Wiens (2011), as well as most taxonomic studies
in any group of animals, were inconsistent or
erroneous in their application of some Rules of the
Code, and above all did not present a unified set
of explicit, unambiguous and objective Criteria
for the allocation of nomina to higher taxa and/
or ranks based on the phylogenetic analyses.
Recognition of most taxa, such as superfamilies,
families and subfamilies, was based primarily
on recent tradition, but not under any particular
standard of usage (e.g., use by at least 10 authors
in 25 publications in the preceding 50 years). Thus,
recognition of a family in one lineage or a genus in
another does not indicate any kind of consistency
or equivalence in the application of those ranks.

This is not to say that these ranks by themselves
are biologically meaningful, which they generally
are not, but that their application inamphibians (as in
most groups) is based neither on a robustly defined
historical tradition or on recent conventions, nor on
a meaningful division of the taxonomic hierarchy
to reflect the structure of the tree. Thus, the current
amphibian taxonomy in many ways represents the
worst of all possible worlds.

A thorough revision can easily alleviate
these problems, and form the basis of a stable
nomenclaturethatisobjectively Rules-and Criteria-
based, and which can be interpreted meaningfully
by researchers working in any amphibian subgroup
as a platform for new species descriptions and
further revision as new data become available. We
attempt to provide such a revision here, based on
several data and Criteria.

{I1} First, we utilise a recent phylogenetic
analysis (Jetz & Pyron 2018) containing 4060
species (about 50 % of the currently known, extant
amphibian species), sampled for up to 15 genes (5
mitochondrial and 10 nuclear, 15091 bp total).

{I2} Then, we implement a set of ten objective
Criteria that allow for the unambiguous fixation of
the rank family in a suprageneric classification, and
Criteria for the availability, allocation and validity
of nomina of taxa above the rank superfamily (i.e.,
ranks which are not covered by the Code).

{I3} We provide an unprecedented complete
review of all the supraspecific nomina ever
proposed for lissamphibians in the 262 years of
taxonomy from 1758 to 2020 and establish their
status.

{I4} Finally, we apply our Criteria and these
data on the nomina to our tree, to generate an
objective, Rules- and Criteria-based taxonomic
and nomenclatural revision of all lisamphibians,
which reflects in a bijective manner our tree for
all suprageneric ranks. This scheme is certainly by
no means the last word on amphibian systematics,
but we hope that it will serve to further stabilise
amphibian taxonomy, and provide a solid basis for
future researchers.
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2. MATERIALS AND METHODS: PHYLOGENY, TAXONOMY AND NOMENCLATURE
2.1. Phylogeny
2.1.1. Phylogenetic reconstruction

The phylogenetic tree we have based our classification on was published by Jetz & Pyron (2018),
in their analysis of the historical evolutionary factors driving diversification in amphibians, and
the interplay therein with present-day extinction risk. These authors presented a sparsely-sampled
supermatrix, which was very similar to recent efforts in numerous groups, including plants (McMahon
& Sanderson 2006; Hinchliff & Roalson 2013), birds (Jetz et al. 2012), amphibians (Pyron & Wiens
2011) and squamates (Pyron et al. 2011, 2013; Tonini et al. 2016). In short, they attempted to compile
all available DNA sequence data for extant amphibian species from a set of broadly sampled loci, for a
concatenated, partitioned analysis using Maximum Likelihood (ML). They then assessed node support
using the increasingly well-established Shimodaira-Hasegawa Like (SHL) approximate Likelihood-
Ratio Test (aLRT), which shows high precision and accuracy with respect to traditional non-parametric
bootstrap methods, while being computationally efficient and quick to calculate (see Anisimova et al.
2011; Pyron et al. 2011).

This approach has been well validated both empirically (Pyron et al. 2011) and theoretically
(Queiroz & Gatesy 2007), at least with respect to consistency in topology and branch-length estimates
across studies, and with regard to the expectation of relationships derived from other sources, such as
morphological data (Frost ef al. 2006). Amphibian relationships have been remarkably consistent across
{J1} studies sampling many loci and fewer taxa to infer higher-level relationships (Feng et al. 2017),
{J2} studies examining species-level relationships of particular groups in detail (Duellman et al. 2016)
and {J3} supermatrix approaches to large-scale inference of amphibian phylogeny (Pyron & Wiens
2011).

Thus, concerns about the potential impacts of missing data, which have generally been shown to
be negligible in most cases (Wiens 2003), should be alleviated based on this congruence. In particular,
the amount of ‘missing data’ is a function of the number of loci chosen for analysis, and the amount of
data present is in reality the most important parameter (Wiens & Morrill 2011). If a study of a particular
family samples 50 species for 5 genes with 0 % missing data, and those data are then added into a
supermatrix with a scaffold of 15 genes, each of those species then has 67 % ‘missing data’ by default.
Yet, the same phylogenetic signal is still present. As has been seen empirically (Pyron & Wiens 2011,
Sanderson ef al. 2011), the supermatrix approach used here has typically recovered the same topology
and branch lengths as the original smaller-scale studies. This is not to say that the results are necessarily
correct, but if poor or misleading phylogenetic signal characterises the underlying data, this is not a
problem of the supermatrix approach per se, and would have to be addressed separately.

Thus, the artificial increase in ‘missing data’ introduced by inclusion in the supermatrix does not
seem to negatively impact the existing phylogenetic signal in the existing data (but see Sanderson et al.
2015). What is more important is instead the amount of phylogenetically informative DNA sequence
data present for each species. This is necessarily heterogeneous given the nature of the supermatrix
approach due to different levels of sequencing effort and overlap among different groups. Thus, we have
increased our sampling of both species and genes over previous efforts, to gather as much available data
as possible for as many terminals as possible.

Another empirical confirmation of the statements above came from this study itself. The final TREE
on which this whole study is based was produced in August 2014, and a first skeleton of our taxonomy
CLAD was produced in the immediately following months. Then, we worked for several years on the
completion of the nomenclatural survey of all the existing supraspecific nomina of amphibians and
above all of their nomenclatural and taxonomic status according to the taxonomic and nomenclatural
Rules and Criteria adopted here (and detailed below), up to the final stage presented here, which was
reached at the end of 2019. During all this time, the incorporation of all the taxonomic changes required
by phylogenetic novelties published by colleagues (discussed below in the ‘Taxonomic changes’ section)
did not require any significant change in the structure of CLAD. Several new taxa (mostly genera) that
we had recognised in the preliminary part of our work were recognised and named by colleagues in
the meanwhile, and of course we adopted their nomina when they were taxonomically justified and
nomenclaturally available. In a few cases (discussed below), the addition of missing species allowed the
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resolution of some phylogenetic ambiguities concerning these species and to improve our taxonomy, but
in no case did these new data result in challenging the main taxa we had recognised at any rank above
subtribe. Thus the TREE on which this study is based, with the SHL-aLRT support value of 90 % that
we adopted (see below) showed a remarkable, and unexpected, even for us, robustness. This robustness
will no doubt be challenged in the future with the addition of large numbers of species or sequencing
of additional genes, but so far it has not been so for a period of five years despite the addition of about
1000 species since the beginning of the present work.

The previous iteration of this matrix used for taxonomic revision (Pyron & Wiens 2011) contained
data from 2871 species sampled for up to 12,712 bp from up to 12 genes, three mitochondrial and nine
nuclear. Substantial increases in the number of described species and associated sequencing efforts since
then have drastically broadened the data available in GenBank for large-scale phylogenetic inference.
Their methods for incorporating these data into an updated supermatrix closely followed previous
studies (Jetz et al. 2012; Tonini et al. 2016), which we reiterate here, from Jetz & Pyron (2018).

As we were primarily interested in a taxonomic revision of extant AMPHIBIA, it was necessary first
to have a reference taxonomy representing current usage. We refer to this as our ‘naive’ taxonomy. Until
very recently (see Frost ef al. 2006), amphibian taxonomy was largely a matter of social consensus, with
few rigorous analytical studies defining taxa as holophyletic groups based on shared, derived characters
and strict application of nomenclatural Rules. In the recent decades, much progress has been made,
and most higher-level amphibian taxa currently recognised (Blackburn & Wake 2011) represent well-
supported holophyletic groups.

Amphibian taxonomy is curated in two separate online resources: Amphibian Species of the World
(<ASW 2020a>) and AmphibiaWeb (<AWb>), both of which maintain up-to-date species lists of extant
taxa and are broadly similar in reflecting recent updates to higher-level classifications. Although they are
relatively equivalent taxonomically, the AmphibiaWeb interface was easier to extract data from, and Jetz
& Pyron (2018) thus used the update of 19 February 2014 of this website as reference. This contained
7238 recognised extant amphibian species. These were classified into families and subfamilies generally
following the most recent large-scale revision (Pyron & Wiens 2011), with a few recent updates from
recently recognised higher taxa.

In general, this taxonomy reflected recent updates that have shifted higher-ranked taxa (e.g.,
families) towards the tips. Examples include recognition of groups previously considered subfamilies
of RANIDAE (e.g., RHACOPHORINAE) ot CAECILIIDAE (€.g., DERMOPHIINAE) as families (RHACOPHORIDAE,
DERMOPHIIDAE). In addition, they curated several updates to the AmphibiaWeb taxonomy, such as new
evidence for the placement of Crossodactylodes and Rupirana. Thus, our naive reference taxonomy
represents a general recent consensus, rather than an ‘AmphibiaWeb’ or ‘Amphibian Species of the
World’ taxonomy specifically. When we do make specific reference to a taxonomic position taken by
those references, it is made explicit.

A final important note is that, at this point, we also adopt the updated taxonomies at the genus
level from these sites, including many of those introduced recently (Frost et al. 2006) for traditionally
recognised groups such as Bufo, Hyla and Rana. Although not adopted by some recent authors (Pauly et
al. 2009; see Frost et al. 2009), these are clearly holophyletic based on those results and others. This does
not affect our higher-level taxonomic revision directly, but it does indicate that progress has been made
in the generic taxonomy of extant amphibians (but see below ‘Genus taxonominal level’). Although we
recommend only a few taxonomic changes at genus level in this work, we noted all instances of non-
holophyly at the genus level, as a guide for future revisions. As it does not provide any clue on whether
a holophyletic taxon is a genus, a subgenus, a tribe or a family, holophyly is not by itself a sufficient
Criterion for genus recognition, but this question is not tackled in detail in the present work, where we
tend to follow the current ‘consensus’ regarding amphibian genera, except in a few cases which we
make explicit.

To generate the updated supermatrix, Jetz & Pyron (2018) first took the 2871-species, 12-gene
matrix and updated the sequence of species to the naive reference taxonomy (e.g., breaking up Bufo, Hyla
and Rana). They also removed a few instances of misidentified specimens and mislabeled sequences
identified by D. R. Frost in ASW <20205> and other recent authors (e.g., Blotto ef al. 2013). They then
identified two additional mitochondrial genes (NADH subunits 1 and 2; ND1 and ND2) and one nuclear
locus (brain-derived neurotrophic factor; BDNF) for which a large number of species (> 500) were
available on GenBank, and could thus add significant data to the matrix.

They thus had a total of 15 genes: long- and short-subunit rRNAs (12S/16S), brain-derived
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neurotrophic factor (BDNF), C-X-C chemokine receptor type 4 (CXCR4), cytochrome b (CYTB),
histone 3a (H3A), NADH subunits 1 and 2 (ND1 and ND2), sodium—calcium exchanger (NCX1), pro-
opiomelanocortin (POMC), recombination-activating gene 1 (RAG1), rhodopsin (RHOD), seventh-in-
absentia (SIA), solute-carrier family 8 (SLC8A3) and tyrosinase (TYR). For each gene, they searched
GenBank exhaustively (e.g., ‘Amphibia AND BDNF’), adding in all available data for species in the
naive reference taxonomy. The protein-coding genes were aligned using the ‘Translation Align’ option
in Geneious (Biomatters Ltd.), with the MAFFT algorithm under the default parameters (Katoh &
Standley 2013). This ensured that all sequences were coding and in open reading frame.

The ribosomal RNAs (12S/16S) were aligned en masse using the default parameters in MAFFT.
Other approaches such as SAT¢ (Liu ef al. 2011) have generally shown good performance for datasets
such as these, by co-estimating phylogeny and alignment to arrive at an optimised static alignment.
However, preliminary use of these tools showed relatively poorer performance (e.g., lower pairwise
identity) than the en masse strategy. In general, the SAT¢é-type approach yielded large block of taxa that
were well aligned to each other, but not to other such blocks (e.g., seemingly erroneous frame shifts
between apparently homologous sites among different blocks).

The final matrix contained sequence for 4060 amphibian species and the outgroup Homo sapiens.
These taxa were represented by a mean of 3030 bp (range: 197-13,849) of DNA sequence data from a
mean of 4 genes. The total matrix was 15091 bp long. The individual genes were sampled as follows:
16S, 3717 species; 125, 3062; CYTB, 1770; RAG1, 1594; ND1, 1045; TYR, 1041; RHOD, 1001; ND2,
826; POMC, 758; SIA, 512; H3A, 483; CXCR4, 471; BDNF, 433; NCX1, 429; SLC8A3: 299. Thus,
some mitochondrial genes (e.g., 12S and 16S) were sampled for the majority of species, providing a
scaffold for species-level relationships, whereas many nuclear genes were sampled for major lineages,
providing a scaffold for higher-level relationships.

In terms of sampling, this includes 4060, i.e. 49.3 % of the 8235 total currently (as of 31 October
2020, <AWb 2020>) recognised extant species: 3449 of 7263 frogs (47.5 %), 549 of 759 salamanders
(72.3 %) and 62 of 213 caecilians (29.1 %). We sampled 524 of 575 extant genera of amphibians
recognised in CLAD (91.1 %): 425 of 468 genera for frogs (90.0 %), 77 of 77 for salamanders (100 %)
and 22 of 30 for caecilians (73.3 %). Thus, the sampling represents a relatively complete overview of
the extant diversity in AMPHIBIA, including essentially all major lineages.

Phylogenetic inference using this dataset took a two-step approach, as in recent studies (Jetz et al.
2012; Tonini et al. 2016). To infer trees using ML, Jetz & Pyron (2018) used the program ExaML, an
update of RAXML (Kozlov et al. 2015) which is specially designed for analysis of large-scale datasets
such as this one on high-performance computing clusters. ExaML executes a single search on a starting
tree, and typical ML inference requires a large number of searches to adequately explore treespace
and assure convergence on a global ML estimate. Thus, they used RAXMLv8.0.14 to generate 100
randomised maximum-parsimony starting trees. They then executed 100 ML searches on these trees
using ExaML, and selected the one with the best likelihood score.

Estimating SHL support values requires a single ML tree, which is then NNI-optimised to calculate
the aLRT at each node. Thus, Jetz & Pyron (2018) took the best ML tree from the 100 ExaML searches,
and passed it back to RAXMLv8.0.14 using the ‘-f J* algorithm, which does an additional ML search
to optimise topology and branch lengths via NNI. The SHL values are then calculated at each branch.
Thus, the final TREE used here (Appendix A2.TREE-1) from Jetz & Pyron (2018) is an NNI-optimised
version of the highest-scoring tree from 100 ML searches, with SHL-aLLRT support values at each node.
These are roughly equivalent to the probability that the branch has been resolved optimally compared to
the next four suboptimal NNI rearrangements (i.e., that the branch can be resolved unambiguously based
on the signal present in the data, and is not optimally represented as a polytomy). For more security and
stability of our taxonomic decisions, we chose 90 % as a cutoff for ‘strong’ support, roughly equivalent
to BS =70 or Pp =95 (see Pyron et al. 2011). This is even higher than the cutoff of 85 % recommended
as a result from simulations and empirical results.

2.1.2. The lability of phylogenetic hypotheses and the use of the term clade
In the present work, we refrained from using the term clade, as it is highly confusing (see Glossary

below). It has been used in the literature in at least four distinct meanings, in zoological taxonomy and
nomenclature to designate a nomenclatural CS rank and more recently as a CS and FS preudo-rank,
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and in evolutionary biology as a homophyletic or holophyletic group of organisms. In many recent
publications it is used simultaneously in both the second and fourth of the meanings above.

For many recent biologists, this term carries a misleading message of ‘reality’, as if our cladistic
trees were an exact representation of the evolutionary relationships. This ‘reality’ of clades is also
hightighted by some authors even going as far as crediting clades with the status of ‘individuals’. This is
a clear abuse of language. ‘Clades’, just like ‘species’ or ‘genera’, are not ‘observed’ (as are facts or real
individuals) but hypothesised to match biological concepts. These hypotheses are doubtless ‘scientific’, as
they rely on explicit concepts and refutable methodologies, but they nevertheless remain hypotheses. Like
all other hypotheses, they may be subjected to test, refutation and abandonment, to replace them by better
ones, which in their turn may suffer the same fate. This is not a quibble, a simple matter of language, this
is a basic conceptual, scientific question.

Examples are numerous and frequent, of groups of species once considered as forming a clade,
where the addition of either taxa, individuals or molecular data, or changes in the methods for building
trees and considering them robust, result in challenging this hypothesis. Furthermore, many so-called
‘clades’ are hypothesised to include many more species than those actually studied, and addition of
species to the analyses not rarely results in showing that the ‘clade’ so far assumed to exist was in
fact heterogeneous and artificial (see e.g. Delorme et al. 2004). In such frequent cases, what had been
considered for a while as a ‘reality’ turns out to be just an abstraction, a concept that did not reflect the
real relationships. There is nothing shocking or contemptuous in stating this, this is just the way science
progresses. This misunderstanding is strikingly exemplified by the frequent statement appearing in
papers, including in their titles (e.g., Van Dyken et al. 2006; Maddison et al. 2008; Fang et al. 2016),
that a new clade has been ‘discovered’. Objects, organisms or facts can be discovered, but concepts and
hypotheses are formulated, not discovered.

But there is another reason, the importance of which is only beginning to be really appreciated
and acknowledged by the community of biologists, for being reluctant to use the concept of ‘clade’ in
evolutionary biology. This is the fact that evolution has not only involved splitting (cladogeneses), that can be
expressed in the form of a ‘tree’, but also reticulation (mixogeneses), that should be expressed as a complex
multidimensional ‘network’. We must recognise that “the history of life cannot properly be represented as a
tree” (Doolitlle 1999a), because “events such as meiotic and sexual recombination, horizontal gene transfer
and hybrid speciation cannot be modeled by bifurcating trees” (Linder et al. 2004: [2]), so that “life’s
history is sometimes like a tree and sometimes like a net” (Doolittle 1999h: M8). Therefore the concept of
‘clade’ corresponds to a gross simplification of evolutionary patterns and should certainly not be taken for
a ‘fact’. It is merely a tool aiming at facilitating our analysis of evolution, until better tools are conceived,
tested and adopted.

For all these reasons, we think that the permanent use in the phylogenetic and taxonomic literature
of the term ‘clade’, understood as designating real objects or individuals, is misleading and should be
abandoned. In the present work, in most cases, we used instead the term branch, which clearly refers
to a human construction as it designates simply a portion of a cladistic tree, built here on the basis of
nucleic acid sequencing, adopted as a hypothesis for the construction of our ergotaxonomy pending a
better hypothesis. We do not claim that ‘branches’ do exist in the ‘real world’, we just consider them as
tools for the establishment of a provisional and refutable ergotaxonomy. In a few cases, we used the term
lineage to designate the evolutionary biology concept of holophyletic group of organisms, as this term has
apparently never been used to designate a taxonominal rank and is thus less confusing than ‘clade’.

Anyway, whatever progresses are made in the study of the cladistic relationships between the
species known to us (both extant and extinct), we should realise that we will never know the ‘true’
relationships between them, as many more species have existed on earth and will never be known to us,
and incomplete species sampling has a major impact on cladistic inference (Lecointre et al. 1993), so
the trees we are building will remain forever, at best, approximations and will never reflect accurately
the detailed course of evolution.

2.2. Taxonomy
2.2.1. Taxonomic paradigms

The term taxonomy, as first introduced by Candolle (1813), simply meant classification of organisms
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into particular units later called taxa (Meyer 1926), which initially had no phylogenetic meaning. The
science of taxonomy relies on concepts (mostly taxa, categories and ranks) and Criteria (allowing to
recognise that the data fit with the concepts). The first basic question, which is entirely scientific, is
to know when a group of organisms ‘deserves’ to be formally recognised as a taxon: the reply to this
question depends on the taxonomic paradigm adopted. The second question is how to arrange all the
taxa into a unique hierarchical nomenclatural system which allows to store and retrieve the information
relative to taxa. This second question is both scientific (deciding which Criteria should be used to build
this hierarchy) and ergonomic: as taxonomy has to deal with millions of objects (the taxa), it cannot
do without an ergonomic system of indexation of the information, just like in an encyclopaedia or a
database. While it would not be so in a domain dealing with a few hundreds or thousands of known
objects (like the planets), the need of a hierarchical system is very strong in zoological taxonomy.

So far, after its initial empirism, which did not rely on any theoretical framework, two main schools
of taxonomy have played a leading role during the history of taxonomy: the phenetic and the cladistic
ones.

To put the things schematically, the phenetic approach aims at measuring the resemblance/similarity
or the differences or ‘distance’ between organisms or groups of organisms. Although not contradictory
in its tenets with the concept of evolution, it does not use this concept for the building of classifications.
On the basis of character analysis and of comparison on the data on characters concerning several
individuals, it produces hierarchical classifications using taxonomic ranks. Of course, the main problem
with this approach is that, in many cases, it fails to recognise homoplasy and parallel evolution, and
produces polyphyletic or paraphyletic taxa, which do not reflect evolution.

In contrast, the concept of evolution is central to the cladistic approach of taxonomy. Relying also on
character analysis, but additionally on the cladistic analysis methodology and therefore on the concept of
synapomorphy, this approach aims at avoiding the formal recognition of polyphyletic and paraphyletic
taxa. The main problem with this approach is that it only allows to recognise taxa that are considered
monophyletic/holophyletic, but does not produce hierarchical classifications, as was understood and
stressed by the supporters of the Phylocode system (Cantino & Queiroz 2020), which only recognises
‘clades’ nested among each other, but no ranks.

A third approach to taxonomy has strangely seldom been identified as such although it has been used
in thousands of taxonomic publications, mostly dealing with species-level taxonomy (microtaxonomy
of Mayr & Ashlock 1991). It relies only partly on character analysis, however not to measure ‘similarity’
or ‘kinship’ but to understand the genuine genetic or other interactions between organisms in nature or
in artificial conditions. It makes use of a particular taxonomic concept which has been termed relacter
(Dubois 2004d). A relacter is a relationship or interaction that may exist between organisms in the
real word, and is not construed by man through intellectual phenetic or cladistic comparisons of data
concerning the characters of organisms. It does not characterise the individuals taken separately but their
dynamic biological interaction, and therefore can be used only for syntopic and synchronic organisms.

A well-known example of relacter concerns the study of sympatry between two sets or organisms
or of contact zones between two such entities (parapatry). In such cases, two sets of organisms are first
conceptualised on the basis of several independent characters observed on numerous individuals. Then,
if in sympatry these two sets remain always distinct (e.g. set A with character states Al to AS, and
set B with character states B1 to BS, without composite individuals), every biologist, under whatever
taxonomic paradigm and independently from the ‘species concept’ used, will deduce that there is no
gene flow between the two entities and recognise them as distinct species. The same will apply when
there are no hybrids in a contact zone between two well characterised entities. The situation is more
complex when hybrids exist in this zone, as then the dynamics of the gene flow between both entities
must be studied, and, even more problematic, such Criteria are not usable in allopatry or allochrony. In
other words, this Criterion is asymmetrical: it works to distinguish species but not, at least in isolation,
to lump them. This approach is neither phenetic nor cladistic and may be designated as relational. 1t is
meaningful only at low taxonomic levels, i.e. mostly for species, but its use has also been advocated at
genus level (Dubois 1988b; see below). This approach of taxonomy can be compatible with both the
phenetic and cladistic approaches but is perpendicular to them. It does not contribute to the measurement
of either resemblance or kinship, but it reflects an inescapable feature of evolution, i.e. the fact that the
latter is possible only through the permanent emergence of genetic incompatibility between groups of
organisms that were previously interfertile. It should therefore not be ignored in theoretical analyses of
taxonomy, but it is indeed often so.
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2.2.2. Phylogenetic taxonomies

It is only after the spreading of the works of Hennig (1950, 1966, 1974) that it became clear that two
major ‘schools’ of taxonomy, ‘phylogenetic’ and ‘phenetic’, had to be distinguished. Today, few authors
would advocate the latter approach, and most taxonomists claim to adhere to a ‘phylogenetic’ school of
taxonomy. However, the widely known term ‘phylogenetic taxonomy’ is confusing because it has been
employed in the recent years with several meanings. As pointed out by Mayr & Ashlock (1991), the
confusion stems from that surrounding the terms phylogenesis and phylogeny. As first introduced by
Haeckel (1866a), these terms were meant at accounting for the evolutionary history of organisms and for
the emergence and complexification of what is now called biodiversity. This phenomenon was viewed
as consisting in three different but complementary processes: {K1} branching or cladogenesis; {K2}
diversification or anagenesis; and {K3} stabilisation and persistence or stasigenesis. However, starting
with Hennig (1950), the meaning of the term phylogenesis has derived, becoming largely synonymous
with one only of these two processes, cladogenesis.

The best known meaning of ‘phylogenetic taxonomy’, which was termed cladification by Mayr
(1997) and cladonomy independently by both Brummitt (1997) and Dubois (1997), aims at producing a
classification thatbestreflects strictly the structure of the cladistic tree, the latter being strictly understood
as a cladogram of taxa, i.e., a tree showing a succession of nodes corresponding to cladogenetic events
resulting in independent branches, often called ‘clades’ or ‘lineages’. But two other approaches at least
could claim to be ‘phylogenetic’, if the term is taken in its original sense in Haeckel (1866a). In the
‘eclectic’ or ‘synthetic’ approach advocated e.g. by Mayr (1974), which could be called phylonomy,
the classification is based on a phylogram, i.e. a cladogram which incorporates ‘distances’, meant at
measuring the ‘divergences’ or ‘resemblances’ between taxa. A third approach, initially considered but
later rejected by Hennig himself but later supported by several authors (e.g. Kiriakoff 1954, 1965;
Crowson 1970; Sibley & Ahlquist 1982, 1990; Avise & Johns 1999; Avise & Mitchell 2007), consists in
incorporating in cladograms estimates of the absolute geological age of taxa to determine their rank in
the taxonomic hierarchy. This approach, using what could be called chronogram, could be designated
as chrononomy.

Because cladonomy, phylonomy and chrononomy all three start from and rely on a cladogram to
build up their classifications, they qualify all three as ‘phylogenetic’ but they are not equivalent, neither
in their methods nor in their results. To avoid confusion, we use below the terms ‘cladonomy’ and
‘cladonomic’ to designate the approach we adopted here for suprageneric taxonomy.

Taxa recognised under a cladonomic approach should be strictly monophyletic (sensu Hennig 1950,
not Haeckel 1866b; concept renamed holophyletic by Ashlock 1971), i.e., they should include a unique
hypothetical ancestral species and all its descendants.

The recognition of monophyletic/holophyletic groups as valid taxa is independent from their naming
and from their rank. Taxa can be diagnosed or defined without being named, e.g., through the use of
explicit expanded diagnoses (as was the case before and even after Linnaeus 1758a) or of numericlatures
or other systems (see Dubois 2005¢). But verbal communication between humans is made easier by
the use of names, and this requires nomenclatural Rules. Furthermore, recognition of all holophyletic
groups as taxa is only the first step of the transcription of a cladistic tree into a classification. The second
step 1s the organisation of the taxa into a hierarchy that transcribes unambiguously the topology of the
branching pattern of all well-supported nodes in the tree. Various non-nomenclatural methods have been
proposed for this purpose, such as the indentation of lines respective to the margin in a table presenting a
classification (Wiley 1981), but these methods do not allow this information to be carried by the names
themselves. They require the inclusion of such tables in any publication dealing with an ergotaxonomy,
which is very heavy and often unpracticable, or the citation of works providing them, i.e., relying on
external information for the understanding of the relationships between taxa. As shown below, this
information can be carried by the names themselves, if they are unambiguously assigned to ranks, in the
frame of Linnaean-derived nomenclatural Rules.

Transcription of a cladistic tree under the form of an ergotaxonomy requires conventions. The most
often used convention, and so far the most efficient one for this purpose, is a hierarchical arrangement of
taxa (classificatory units) corresponding to the successive nodes of the tree. Ideally, these nodes should
be dichotomous, but in cases of partially unresolved trees they may be polytomous. In both cases the
taxa immediately resulting from the division can be called sister-taxa.

There are four kinds of relationships between taxa (fopotaxy) in a phylogenetic hierarchical
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classification: {L1} parordinate taxa are sister-taxa resulting from a dichotomy or polytomy in the tree
adopted as basis for the ergotaxonomy; {L.2}—{L3} superordinate taxa are hierarchically above their
subordinate taxa (or, to put the same idea differently, they include the latter); any two parordinate taxa
always have a single immediately superordinate taxon (their getangiotaxon; Dubois & Berkani 2013)
and may have (but do not always have) two or more immediately subordinate taxa (their getendotaxa;
Dubois & Berkani 2013); and {L4} alienordinate taxa are taxa that are not in a direct relation of
ordination (i.e., of parordination, superordination or subordination).

As will be shown below, if used with caution, the system of nomenclatural ranks is appropriate
to reflect directly in the nomina of taxa the hierarchical classification which reflects the topology of
the tree and therefore these relationships between taxa. For this system to be efficient, universal and
unambiguous, it must rely on precise nomenclatural Rules and Criteria.

2.2.3. Taxonomic categories and nomenclatural ranks

The nomenclatural system of the Code relies on the use of nomenclatural ranks, such as genus,
family or class. Many different ranks have been used by zootaxonomists during the two and a half
centuries of history of the discipline (Dubois 2006a; Appendice A4.RNK). In the recent decades, some
authors, who often ignored their respective works (e.g., Smith 1988; Sundberg & Pleijel 1994; Minelli
2000; Pleijel & Rouse 2003; Kluge 2005; Bertrand et al. 2006; Laurin 2010; Avise & Liu 2011) as well
as works expressing different opinions, claimed that ranks should be abandoned as they are subjective
and arbitrary, are not equivalent throughout zoology and do not warrant comparisons between taxa of
same rank in different groups. The latter is quite true if ranks are considered to have an absolute meaning,
as if they were permanently attached to taxa and expressed their ‘nature’ or ‘essence’, in biological or
historical-chronological terms (Dubois 2006¢, 2007a), but this essentialist interpretation is based on
a misunderstanding and on a confusion between the concepts of nomenclatural rank and taxonomic
category which takes its roots in a gradist/phenetic, non evolutionary, conception of taxonomy (for details
see Dubois 20050, 2006a, 2007a, 2008/, 2011a; Dubois & Raftaélli 2012).

The same nomen, referring to the same taxon, often moves from one rank to another within its nominal-
series to follow the changes in our phylogenetic hypotheses and taxonomic hierarchies. Taxonomic
hierarchies as reflected in nomenclatural ranks are ‘organisational models of relationships’ (Knox 1998)
that are extremely useful for keeping track of inter-level relationships among entities in a hierarchical
system, as understood at a given moment of the history of the phylogenetic and taxonomic work on a
zoological group. Whether a given higher taxon is treated as a superfamily, an order or a class is a matter of
tradition and of general consensus among specialists of the group concerned at a given time, but ranks do
not, cannot and should not carry any information on the ‘amount of divergence’ between taxa (measured by
whatever Criterion), on their ‘biological diversity’ (Van Valen 1973; Giribet et al. 2016), on their ‘patterns
of evolution’ (Dubois 1988b) or on the ‘time elapsed since separation’ between taxa throughout the tree of
life (Schaefer 1976; Dubois 1988b, 2008f: 56-57; Avise & Johns 1999).

There would be no point in discussing whether a taxon ‘is’ a class or an order, as there is no
concept of class or order, no theoretical background for defining ranks: ranks used by zootaxonomists
are not meant at providing any information on the taxa themselves, but only on their hierarchical
relationships and, through them, on the structure of the cladistic tree used as a reference for the building
of a classification. They only point to a place in a hierarchy, and this place is highly labile according
to the frequent additions to the available information and changes in taxonomic arrangements. The
question is not to suppress ranks, but to realise that they only have a relative meaning, informing us on
the hierarchical structure of the (provisional) taxonomy, i.e., on hypothesised cladistic relationships, but
carry no further information.

The concept of taxonomic category, on the other hand, points to the fact that, at the lowest levels
of the taxonomic hierarchy, it is possible to use different concepts for the recognition and delimitation
of taxa, such as the different (and much discussed) ‘species concepts’ but also ‘genus concepts’ used by
different authors. In this case, ‘definitions’ are indeed used for categories, which therefore do not only
carry cladistic information.

Animportant distinction must therefore be made between two situations. In most of the nomenclatural
hierarchy, i.e. above the rank genus, taxa can indeed be attributed to nomenclatural ranks, which carry
only information on the structure of the tree, but this is different at the lowest end of this hierarchy, i.e.
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for the ranks species and genus and related ones. In these cases, these terms refer to both a nomenclatural
rank and a taxonomic category, a double qualification which can be termed a taxonominal level. The
term ‘species’ can designate both a rank in a hierarchy, having no proper ‘meaning’ or definition, and a
taxonomic concept relying on a definition. The same is true, although this is often ignored, for the term
genus. For this reason, Dubois (2007a) distinguished the terms species and genus (for the nomenclatural
ranks) and the terms specion and genion (for the taxonomic concepts). However, as these latter terms
have not gained common acceptance so far, below we follow the tradition and we use the traditional
terms in both cases, the context allowing in most cases to distinguish them.

2.2.4. Taxonomic concepts and Criteria

The concepts and Criteria used to recognise and distinguish taxa are not the same at different
taxonominal levels. Let us briefly review them successively, starting with the general situation, then
in the four main taxonominal levels used in the present work: the species-, genus- and family-series
recognised by the Code, and the class-series as defined by Dubois (20000). We do not use here the
formula ‘integrative taxonomy’ (Dayrat 2005; Vences et al. 2013), as it is ambiguous, having been
employed in the literature with different meanings, and anyway it is poorly informative, as “taxonomy
has been integrative for most of its history” (Valdecasas ef al. 2008: 211). We prefer to identify the
different taxonomic concepts (species concepts, genus concepts, etc.) and criteria used by the authors to
recognise, define and delimitate the taxa of different kinds.

2.2.4.1. General situation

As we have seen, relational taxonomic Criteria are of no use for higher ranked taxa: they can be and
have been used only at species and genus taxonominal levels.

Only two approaches are common to all taxonominal levels: the phenetic one, which recognises
phenons as taxa, and the cladistic one, which recognises ‘lineages’, ‘clades’ or better cladons (Mayr
1995) as taxa. After a period of extensive use of the first approach at the time of flourishing of ‘numerical
taxonomy’, by the end of the 20™ century the cladistic approach had become largely dominant. However,
in recent years, and following the introduction of the ‘Barcode of Life’ methodology, the phenetic
approach has shown an impressive new youth. This approach uses ‘genetic distances’ and a priori fixed
‘thresholds’ to decide ‘objectively’ that two groups of organisms should be recognised as distinct taxa
and at which ranks these taxa should be attributed. Such taxa have received the designation of boleons
(Dubois 2017¢: 17). They can be and are used at all taxonominal levels.

In zoological groups where a calibration by external methods such as palaeochronology has been
carried out, ‘genetic distances’ based on barcoding can be considered to provide more or less accurate
estimates of the ages of the cladogeneses that were at the origin of two branches, and this has been
used by some to ascribe a rank to such sister-taxa. Beside the uncertainty that still exists regarding the
accuracy of these datings, which will certainly be improved in the future, this method which allows to
recognise what could be called chronotaxa is not tenable at the scale of the whole animal kingdom,
because rates of evolution are widely different in different branches of the tree of life, as was definitively
demonstrated by Avise & Johns (1999) and Avise & Mitchell (2007). It would not be acceptable to
associate different ages to the same rank in different zoological groups, and a homogeneisation of the
use of ranks following this Criterion would require considerable changes in the ‘taxonomic tradition’.
In this respect, Dubois (2007a: 33) wrote: “adopting the age of taxa as a basis for allocating taxa to
ranks would result in major changes in the ranks traditionally given to many taxa (...), and it is unlikely
that most taxonomists would be willing to take this step today. They might change their mind in a few
decades, as many more data on the ages of taxa will then be available, but, even then, it is unlikely that
this could be obtained by an addition of individual actions. It would probably require holding one or
several large international meetings specially for this purpose.” However, beside tradition and accuracy
of the information, Dubois (2008f: 57) raised another problem of this approach, which is that it applies
only to organisms living synchronically, e.g., today, as otherwise all fossil taxa would have to be given
higher ranks simply because they lived long ago! As molecular and palacontological data increase,
it will be possible to estimate the absolute age of all major taxa at any epoch of the earth’s history,
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and therefore to use this method for rank assignation of taxa, but these ranks would be valid only for
comparisons of synchronic taxa, or different Criteria should be used to attribute ranks to taxa in the
living fauna and in the faunae at different epochs of this history, which would not be workable.

2.2.4.2. Species taxonominal level

A considerable literature has been devoted to discussing the ‘species concept’. Many distinct ‘species
concepts’ have been proposed and several are still in force in zootaxonomy. It is possible to compile
lists 0of 92 “definitions’ of ‘species’ (Lherminier & Solignac 2000) or to distinguish 22 ‘species concepts’
(Mayden 1997), and certainly more, but many of these definitions and concepts are largely equivalent,
and the useful number can be reduced to a few main categories (Mayr & Ashlock 1991). This literature
1s in part confusing, as it often does not distinguish between ‘species’ as a nomenclatural rank and

‘species’ (specion) as a taxonomic category. Three taxonomic species concepts have by far been most
frequently used in the zoological literature (Dubois 2008c, 2009¢, 20115): the phenetic (morphospecies,
or better phenospecies), mixiological (mayron) and phylogenetic/cladogenetic (simpson) concepts.
Although the implementation of these different concepts often results practically in the recognition of
the same taxonomic units (i.e., including the same organisms), this is not always the case. Furthermore,
they do not cover all the situations found in nature, as they ignore the cases of ‘strange species’ or kyons,
i.e. entities having unusual modes of formation of gametes, of initiation of development and of genetic
transmission across generations, thus illustrating the reticulate dimension of evolution mentioned above,
such as kleptons (like the frog ‘species’ Pelophylax esculentus or the salamander ‘species’ Ambystoma
platineum) or klonons (like the lizard ‘species’ Cnemidophorus uniparens) (for details, see Dubois
2008¢, 2009¢, 2011b).

The recent trend to use a ‘threshold value’ of ‘molecular distance’ as measured by the barcode
methodology to ‘delimitate species’ (boleospecies) is nothing but a recent avatar of the phenetic
species concept already used, and criticised, before the onset of nucleic acid sequencing, under the
form of ‘genetic distance’ based on the results of electrophoretic comparisons of proteins from different
populations (Dubois 1977). It sometimes gives results which are widely distinct from that obtained
through the use of the nondimensional ‘mixiological species concept’ (mayron) based on the relational
approach of taxonomy making use of relacters and not only of characters (Dubois 2007a). The latter
however can be used strictly only in sympatry and parapatry and cannot be so in allopatry or allochrony,
which requires to have recourse to other concepts in such situations.

2.2.4.3. Genus taxonominal level

As highlighted by Dubois (1988b), in contrast with the ‘species concept’, the number of publications
dealing with the ‘genus concept’ has been ridiculously low. This is highly surprising, in view of the fact
that the generic substantive is part of the scientific binomen which designates every species according
to the Principle of Binomina. Most zootaxonomists would probably argue that there is no problem in
this respect as there is no ‘genus concept’, as if genera were given empirically and did not require any
theoretical elaboration.

For a long time, genera were only recognised on the basis of phenetic Criteria, mostly shared
morphological characters. Such a morphogenus, or more widely phenogenus (when non-morphological
characters were included in the diagnosis) concept had a great heuristic value for taxonomists,
particularly for helping in recognising new species: genera so defined were often quite homogeneous
morphologically, which limited the number of species with which any potential new species had to be
compared to confirm or infirm that an undescribed species was involved. But of course this approach
had the basic two complementary traps of all phenetic analyses: the exclusion from the genus of closely
related species having divergent characters or the inclusion in the genus of remotely related species
resembling those of the genus by homoplasy.

Inger (1958) proposed a concept of genus, that can be termed ecogenus, which considered genera
as both morphological units and ecological units, sharing closely related ecological niches and adaptive
zones. This was an improved phenetic concept of genus, having a good heuristic value, but strangely few
subsequent authors adopted it (even its own author abandoned it without explanation in his subsequent
works).
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The idea that genera should be holophyletic evolutionary units (cladogenus concept) followed the
onset of cladistic thinking, but few authors cared to propose Criteria to fix the limits of such cladistic
units, that would distinguish them from taxa at other lower or higher ranks, and complying with an
intensional, objective and nonarbitrary concept (as defined by Simpson 1961). Therefore, in a way, the
cladogenus concept is a partially empty, or at least incomplete, one, as it allows to reject polyphyletic
and paraphyletlc genera but does not provide information allowmg to identify the node in the tree
where a given genus ‘stops’. In practice, most authors just rely in this respect on ‘tradition’, keeping

‘well-known’ genera, but this methodology soon reaches its limits when many new species are added
to a former well-known genus, allowing to distinguish several lineages within it. A common practice
is then to erect a new genus if a new species is discovered which appears to be the sister-species to all
the species already known, but this is often arbitrary and unsubstantiated, giving particularly undue
importance to recent discoveries. An alternative to these poorly argued practices is possible only if,
additionally to being ‘holophyletic groups’, genera are understood as taxonomic units complying with
other Criteria implied by a more elaborated ‘genus concept’.

In this perspective, Dubois (1981a,c, 1983a, 1988a,c, 2004d) supported and developed a
‘mixiological genus concept’ earlier formulated by Van Gelder (1977) and that could be designated
more briefly as mixogenus. This concept requires to maintain in the same genus all species documented
to have produced, whether in natural or in artificial conditions, true viable adult diploid hybrids, as
well as their closely related species. This concept takes evolutionary information into account to define
genera, recognising that this category, unlike all higher ranks, “is the classificatory level above the
species where reticulate evolution just begins to stop” (Bohme & Kohler 2005: 294). In order to fit
with the requirement of holophyly, this relational Criterion may lead to lump two or more ‘traditional’
genera that had been defined previously on the basis of cladistic Criteria. This use of a relacter to define
genera is parallel in a way to the use of the mixiological concept at species level. Just like the latter but
in the reverse way, this Criterion is not symmetrical: it can be used to group species in the same genus,
but not to separate them in distinct genera, which would require to place in different genera closely
related species that have developed mechanisms of interspecific isolation in sympatry and parapatry.
Crossability (or its absence) between two species is not a ‘character’ of any of these species, but a
characteristic of their relationship. It is therefore neither plesiomorph nor apomorph (if it were so, we
would have to consider that each species bears billions of such characters, according to its potential
crossability with all other living species of the planet) and is therefore useless in cladistic analysis.

The use of the mixogenus concept in zootaxonomy would have many important advantages (see
Dubois 1988b: 72—75). In particular, and contrary to what has been written (e.g., Vences et al. 2013:
222), the use of this Criterion would lead to a much stronger stability in generic classifications of animals
than all other Criteria, even taken together: it is very economical in use, as it is enough to have reliable
information on the crossability between two cladistically remotely related species to refer permanently
to the same genus both these species and all those previously referred to the most cladistically basal
genus including one of them, as well as to its sister-group including the second one (see figures 46 in
Dubois & Bour 2010a and figure 7 in Vences et al. 2013, clearly derived from the latter although it was
not cited). In such cases, a single positive cross would allow to fix permanently the generic classification
of the whole group. ‘Permanently’ means that this would stop the ‘back and forth” movement between
two generic classifications that has often been observed in such cases. Use of this concept would no
doubt result, in some cases, in much larger genera, but this would be a true relief in the zoological
groups which are currently much oversplit, because more studied, compared to the rest of zootaxonomy,
like the birds (Dubois 1988b: 70-71, 76-78). In such cases, the ‘traditional’ genera could continue to
be used, as least for some time, as subgenera. The only real problem with this genus concept is that it
cannot be implemented in some zoological groups where the interspecific crossability cannot be tested,
either because of some of the biological characteristics of their members (e.g., for being unisexual), or
of the impossibility to cross them in captivity (e.g., for living in inaccessible environments or for being
allochronous), but the fact that a concept or Criterion cannot be used universally should not bar us from
using it when this is possible: otherwise the whole taxonomy of animals, covering extant and fossil taxa,
should be based only on data obtained from the fossilisable parts of animals (Dubois 1988b: 73).

It is quite clear that today zootaxonomists are not ready to adopt the mixogenus concept, probably
for fear of having to abandon the sacrosanct ‘taxonomic stability’, but also because studies of artificial
crosses between amphibian species, which were very frequent in amphibians after the middle of the 20
century where they had proved very informative (see e.g. Blair 1972), have stopped being so because
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of the current ‘fashion’ for molecular phylogeny. But no other genus concept would allow for a real
homogeneisation of generic taxa straddling most zoological groups. The recent use of the boleogenus
concept, using barcode data and arbitrary thresholds, cannot play this role: it does not rely on a well-
defined genus concept and belongs fully, as mentioned above, in the realm of phenetic taxonomy. The
chronogenus concept is not better, as it cannot have any universality throughout the animal kingdom—
or it could have some only at the expense of much greater challenges to the sacrosanct ‘taxonomic
stability’ than the mixogenus concept (see e.g. Avise & Johns 1999).

In the absence of genus concept that would be fully satisfying from a theoretical point of view, an
empirical approach is inescapable. The concept of diagnogenus seems then an acceptable compromise.
It rests on two Criteria: {M1} genera should be groups of species considered on the basis of robust
cladistic information to be strictly holophyletic; {M2} they should be diagnosable (and preferably, if
possible, apognosable) through characters accessible to the external examination of specimens or to
the study of the animals in their natural habitat, i.e. mostly morphological, behavioural and ecological,
but excluding internal anatomical characters, cytogenetic or molecular data. Genera so defined through
their diagnosability (Guayasamin et al. 2009; Vences et al. 2013; Araujo-Vieja et al. 2020) would have
a great heuristic value, as they would include ‘similar’ species that could be readily ascertained by
phenetic survey, even in the field without dissection or other technical treatments. This would be much
appreciated by all biologists working in the field with natural populations of animals (taxonomists,
ecologists, conservation biologists) and it could help as an important guide for the collection of
specimens, especially in our time when this has become more and more difficult for administrative and
legal reasons. Genera so defined would be of extremely varied sizes (in terms of numbers of species
included), which is not a problem in itself and even provides useful information on the degree of
stasigenesis (evolutionary stasis) of the group concerned (Dubois 1988b).

2.2.4.4. Suprageneric taxonominal levels

In the family- and class-series, as we have seen, nomenclatural ranks do not qualify as taxonomic
categories, that could be defined biologically, historically or otherwise. They only reflect the structure
of the taxonomy adopted, which at these levels, according to the taxonomic paradigm adopted, can
be based only on a phenetic quantitative measurement of similarity or distance, or on a cladistic tree.
Relational Criteria cannot be used at these levels. Some recent authors used the concepts of boleon or
chronotaxon to attribute ranks to presumably holophyletic higher taxa, but this approach cannot be used
universally, because as we have seen this can be meaningful only within limited groups of the tree of life
and could not be used throughout the latter.

2.2.5. Taxonomic scope of the present work

The present work does not provide a complete revision of the taxonomy and nomenclature of recent
amphibians (LISSAMPHIBIA), but only a revision of their suprageneric taxonomy and nomenclature.
A few changes are proposed here at generic and infrageneric levels, but they are very limited, for the
reasons given above and below. A good understanding of these questions requires to grasp fully the
distinction between the concepts of nomenclatural rank and of taxonomic category, which are often
confounded in the literature.

In the present revisionary work, which deals mostly with the phylogenetic relationships among extant
amphibians, we paid attention primarily to the definition of suprageneric taxa and their hierarchical
relationships but we did not challenge the currently ‘accepted’ or ‘dominant’ species (or specion) taxa,
nor, except in a few cases, the ‘accepted’ or ‘dominant’ genus (or genion) taxa.

2.2.5.1. Species taxonominal level
In the present work, we did not challenge the currently dominant species classification of extant

amphibians, as given for example in the websites ASW <2020a> and AWb <2020>. We note however
that this current classification is highly heterogeneous as, depending on the genus, family or other
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higher taxon, it relies on different species concepts, or more exactly on different ‘Criteria’ which do
not even always rely on explicit concepts, particularly in the case of boleospecies. For the time being,
the current specific classification of extant amphibians is far from having ‘homogeneised’ the ‘species
concepts’ used in different subgroups and in different parts of the world. Revising the whole specific
taxonomy of all extant amphibians in order to use a single ‘species concept’ or at least a homogeneous
approach to species level taxonomy (e.g., recognising or not taxa attributed to the ranks and categories
subspecies, aggregate of species and aggregate of subspecies accepted by the Code; see e.g. Dubois
& Raftaélli 2009, 2012) would be a huge work by itself, which is far beyond the scope of the present
endeavour, and we did not introduce changes in this respect in our work.

2.2.5.2. Genus taxonominal level

We also refrained from introducing major changes in the currently ‘accepted’ generic classification
of extant amphibians, although we are conscious of the fact that it is highly heterogeneous in terms of
‘genus concepts’ used, generally surreptitiously, as if genera were ‘given’ by the (often molecular) data,
without any taxonomic analysis or justification, by different authors in different taxonomic groups and
regions of the world. At this level, the heterogeneity of the taxonomic treatment in different groups
is probably even greater than at species level. This treatment straddles from an unquestionably much
too lumped approach to an unquestionably much too split one. In the first category, some genera are
‘auberges espagnoles’ (‘potlucks’) which are heterogeneous by all criteria (morphology, development,
life history, behaviour, bioacoustics, etc.), whereas others, in the second category, are monospecific but
differ only very slightly, or even not at all, from their sister-genera or even more distantly related genera.
There are clearly some trends in this respect, which are related to the authors involved in the study, to
their country of work, to the region of the world and/or to the higher taxon concerned. But the cause of
these discrepancies is the same in most cases, being the absence not only of a ‘genus concept’ but also
of well-defined and explicit Criteria for the recognition of a supraspecific taxon as a genus.

In most publications dealing with generic classifications, authors insist on the requirement of
monophyly/holophyly, which is not exclusive to genera but concerns all supraspecific taxa, but, as
we have seen, by itself this Criterion does not provide the slightest clue for recognising a taxon as a
genus and not a subgenus, a family or an order. The only reason that appears in many such papers is
the sacrosanct ‘taxonomic stability’, but even this fuzzy Criterion becomes less convincing as more and
more new species are described, which leads to modify the diagnoses and contents of the ‘traditional’
genera. Using the Criterion of holophyly alone does not allow in the least to decide whether Leiopelma
and Leioaspetos, or Nanorana and Paa, or Gastrophrynoides, Siamophryne and Vietnamophryne, or
Eurycea and Urspelerpes, or Epicrium and Ichthyophis, should be recognised as different genera or as
synonyms or subgenera, as in all these cases the genus or genera would be holophyletic. Even concerning
the European fauna, the taxonomy of which has been studied for more than 250 years, some ‘mysteries’
(or more exactly inconsistencies) remain: why is the genus Latonia recognised as distinct from
Discoglossus, although they are virtually indistinguishable by their external morphology and ecology,
whereas the genus Ammoryctis is not recognised as valid for the single species Ammoryctis cisternasii,
which is readily distinguishable by several external morphological characters and its ecology from all
the other species of Alytes, or Pelodytopsis not distinguished from Pelodytes on the same grounds?
There are dozens of similar cases in the classification of extant amphibians. In order to progress towards
a better (if not perfect) generic taxonomy of this group, other Criteria should be added to holophyly.
Suggestions in this respect have been given above in our brief survey of the main ‘genus concepts’ or at
least Criteria, that can be considered for this purpose.

A supplementary difficulty exists in the taxonomy of the amphibians, which does not exist in many
other zoological groups: it is the long-standing rejection by many taxonomists (e.g. Duellman 1977)
of the category of subgenus, despite the efforts of some authors (e.g. Dubois 19875, 1988b; Smith &
Chiszar 2006) to ‘rehabilitate’ it. The fact that the well-known website ASW <2020a>, which many,
despite its numerous weaknesses, consider as ‘authoritative’, does not provide a formal classification of
subgenera, and also of subspecies, of amphibians, but treats them as ‘synonyms’ (although mentioning
these taxa sometimes in the discussions of the genera and species concerned), has certainly played a
great role in this respect. This has led many authors to consider that they were ‘obliged’, when they
found two or more well characterised holophyletic groups within a genus or within a species, to choose
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between two ‘black and white’ solutions: either recognising a single genus or a single species, or two
genera or two species. Thus doing they failed to use all the possibilities offered by the Code to have a
fine grained taxonomy for amphibians at low taxonomic levels, which has many theoretical and practical
advantages and allows to express fine-scaled evolutionary processes and patterns (Bernardi 1956, 1957,
1980; Dubois 19885b, 2008¢, 2009c¢, 20115b).

As concerns the rank ‘supergenus’, which has been used as a valid rank in amphibians by some
authors (e.g., Vieites ef al. 2007), and even expressly stated by Vences et al. (2013: 208) to be Code-
compliant (!), although it would certainly be useful (Dubois 2006b), it is currently not recognised in
the Code and should not be used in zootaxonomy until the Code is improved in this respect (Dubois
2008/).

In the present work, except in one case to solve a persisting irritating nomenclatural problem, as there
exists currently no consensus either on the use of the subgenus category or on which taxa should be recognised
at this level, we refrained from mentioning the subgenera in CLAD, and we listed them as ‘synonyms’ in
Appendices A5.NGS and A9.CLAD-1, although we consider that a good number of subgenera should be
recognised in amphibian taxonomy, but treating this question would have been outside the framework of this
work.

2.2.5.3. Suprageneric taxonominal levels

We adopted a drastically different approach for our suprageneric taxonomy of extant amphibians. In
this case, for extant taxa we relied on a strict cladonomic methodology. Our unique arbitrary decisions
were the choice (largely supported by empirical observations in various zoological groups) of a SHL-
aLLRT support value of 90 % or more as the basis for the recognition of a distinct taxon, the recognition of
seven mandatory ranks in the taxonominal hierarchy and our uncompromising rejection of taxonomic
redundancy, except at the rank family, for reasons explained below.

As addition of taxa and genes and changes in methods of analysis may result in changes in this
respect, we relied on each node having a SHL-aLLRT support value of 90 % or more as the basis for the
recognition of a distinct taxon. Although this threshold is arbitrary, we followed it consistently, even in
cases where it results in significant changes in ‘traditional’ classifications. Not doing so in some cases
because of subjective ‘suspicions of error’, not based on evidence of erroneous species allocation, of
nucleic acid contamination or of errors in sequences, would be even more arbitrary and scientifically
untenable.

The original method of Hennig (1950) required to recognise each well-supported node of the tree as
a distinct taxon. It was abandoned by subsequent workers not on theoretical but on ‘practical’ grounds,
simply because it resulted in a very high and ‘unmanageable’ number of taxa and, above all, of ranks over
the whole animal kingdom. Most taxonomists then agreed that ‘some’ nodes only should be recognised as
taxa. But then, which ones? The ‘most important’ ones? But on which grounds will this ‘importance’ be
evaluated? It may appear tempting in this respect to afford more weight to the taxa traditionally recognised
at the main ranks, such as class, order, family and tribe. But, as we have seen, these ranks are arbitrary,
lacking biological or other ‘definitions’ and are just a reflection of the structure of the tree. The only
Criterion that remains here is ‘tradition’, admittedly a poor scientific Criterion—all the more that it is itself
very imprecise. In extant anurans, it seems inescapable to recognise a family RANIDAE, as this was the first
family ever recognised in frogs, but then, should we also recognise a family RHACOPHORIDAE, a family
MANTELLIDAE, a family DICROGLOSSIDAE, etc.? Where will ‘tradition’ start and end? ‘Tradition’ by itself is
an imprecise guide.

To solve this problem, we devised a completely new method, the ‘Ten Criteria Procedure’ [TCP],
which is presented in detail below. This procedure allows one to determine objectively which family-
series nomina will have to be fixed at the rank family in the classification of extant amphibians, and
would allow it even in a much larger taxonomic group. Then, starting from this fixed rank, the position
of all other well-supported taxa in the taxonominal hierarchy is given automatically step by step, both
above and below the rank family. This allocation is objective and indisputable as soon as a single
Criterion is used for the recognition of a node as a distinct taxon, the chosen support value in our
tree, without any exception in one direction or another (e.g., either continued recognition of a ‘well-
known’ taxon when this is contradictory with the data, or refusal to erect a new taxon for a previously
undetected and possibly poorly characterised lineage). No other Criterion (such as phenetic or genetic
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distance, or estimated age of common ancestor) is taken into account for the recognition of taxa. The
resulting classification is an exact reflection of the tree on which it is based: in other words, both sets
of data are in a relation of bijection or isomorphism, in which each well-supported node of the tree is
paired with exactly one taxon in the classification, and vice versa.

In our classification of all extant amphibians presented below, strict usage of this methodology,
without paying any attention to other Criteria, led to the recognition of 23 ranks between genus and order.
This number, which allows to reflect completely and unambiguously our 7REE, may be considered
by many as much too high. It is then fully possible to reduce the number of ranks used for a given
purpose (e.g., for a local or regional fauna or for a phylogenetic work bearing on a small proportion of
extant amphibians): one may for example decide to keep only, above genus, the ranks order, suborder,
superfamily, family and subfamily, or even less, e.g. order and family, but then the taxa corresponding
to these ranks will not be chosen arbitrarily but imposed by the Ten Criteria Procedure, the chosen
support value for nodes and the rejection of taxonomic redundancy. As we will see, the result is largely
at variance with both the traditional and recent classifications of extant amphibians, although based on
similar and largely compatible phylogenetic data. This is because the assignation of ranks to taxa in these
classifications did not follow any consistent Criterion.

A few points deserve additional comments. In order for our classification CLAD to be fully bijective
with our TREE, the former must consistently reject taxonomic redundancy, i.e. the situation in which a
given taxon has a single getendotaxon (immediately subordinate taxon). Therefore, every time that our
data led us to recognise a taxon having only two getendotaxa, e.g. two genera in a family, we refused
the recognition of intermediate taxa between them, even if these had been consistently used in all recent
taxonomies. An example will make this clear. The salamander superfamily SALaMANDROIDEA has long
been considered to include two main lineages, one (traditionally known as the family SALAMANDRIDAE)
including the genus Salamandra and many other genera, and one including only the two genera Ambystoma
and Dicamptodon. In all recent classifications (e.g. Zhang & Wake 2009), these two latter genera were
placed in two ‘monotypic’ families, AMBYSTOMATIDAE and DICAMPTODONTIDAE, because “Dicamptodon
has a long fossil record dating to the Paleocene (...), it differs from Ambystoma in easily visible features
of morphology (...), and [it has] perennial, stream-adapted larvae rather than generally short-lived (except
for neotenic populations) pond larvae as in most Ambystoma” (Zhang & Wake 2009: 503). In other
words, these two families were based on the ‘absolute age of taxa’ and the ‘phenetic distance’ between
them, two Criteria that we explicitly reject as irrelevant in the frame of our taxonomic (cladonomic)
paradigm. We did not accept this familial arrangement, which obscures the fact that Ambystoma +
Dicamptodon represent the sister-group to the SALAMANDRIDAE. In order to reflect this fact, both these
genera should be grouped in a single family AMBysTomaripAE. Would then it be possible to ‘save’ the
taxon DICAMPTODONTIDAE by ascribing it the rank subfamily within the AMBYSTOMATIDAE? No, because
the taxa AMBYSTOMATINAE and DicAMPTODONTINAE would then be strictly redundant with the genera
Ambystoma and Dicamptodon. Their recognition would not bring any relevant additional information on
the cladistic relationships between salamandroid taxa. The result is that there is apparently an important
change in the overall classification of salamandroids, with complete suppression of a family (without
even downgrading it to the rank subfamily), but looking closer at the data shows that it has in fact strictly
no impact on our cladistic interpretation of the data, which remains the same as in previous works.

There is however a single situation in which we accept redundancy in our classification: it is when
a suprafamilial taxon includes a single getendotaxon. In this case this taxon is always afforded the rank
family. Let us consider the taxon that we recognise below as the superphalanx ARCHAEOSALIENTIA.
It includes two superfamilies, the PELoBaroipea and the ScapHioPoDOIDEA. The former includes
two getendotaxa, which we recognise as the epifamilies PELoOBATOIDAE and PELODYTOIDAE. The
PELOBATOIDAE include again two getendotaxa, the families PELOBATIDAE and MEGOPHRYIDAE, but the
second one includes only two extant genera, Pelodytes and Pelodytopsis. In the latter case, recognising
a family PELODYTIDAE is strictly redundant with the epifamily PELoDyTOIDAE and it does not bring any
additional cladonomic information. The same is true for the superfamily ScapHIoPODOIDEA, which only
incudes two extant genera, Scaphiopus and Spea. Nevertheless, we recognise the families PELODYTIDAE
and ScapHioroDIDAE. Their function here is not to bring cladonomic information but to contribute to
information storage and retrieval.

Dubois (2007a: 48—50) discussed this question in detail and illustrated it in his figure 1 (reproduced
here as Figure F1.MOR). He showed that to have a fully informative taxonomy and nomenclature, only two
kinds of taxa required taxonomic and nomenclatural recognition: those including several supraspecific
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FIGURE 1.MOR. Mandatory and optional nomenclatural ranks in zoological nomenclature.

Nomenclatural ranks as designated in the upper line are as follows: C, classis; sC, subclassis; O, ordo; sO, subordo; SF,
superfamilia; F, familia; sF, subfamilia; T, tribus; G, genus; sG, subgenus; S, species.

Background colours indicate the nominal-series in which these ranks belong: blue, class-series; green, family-series; yellow,
genus-series; salmon, species-series.

Red stippled lines correspond to five major ranks that must be named in all cases, according to the guidelines supported by
Dubois (2007a) and adopted here.

The reasons for naming these taxa are as follows: [1] star in circle, terminal taxa (species); [2] circles, taxa that must be named
because they include several subtaxa; [3] squares, taxa that must be named, although they include only one species,
because, according to the phylogeny presented, they are sister-groups of taxa indicated by circles; [4] diamonds, taxa
that are not supported by cladistic data, but that must be named for purpose of allowing the nomenclatural hierarchy to
play its role of system of storage and retrieval of information.

Figure reproduced from Dubois (2007a).

subtaxa and those that are their sister-groups, even if they do not include supraspecific subtaxa. But
he added that a third situation requires taxonomic and nomenclatural recognition, deriving from the
need to refer all animal organisms to taxa attributed to the seven primary key ranks (regnum, phylum,
classis, ordo, familia, genus, species), which should thus be considered virtually ‘mandatory’ in all
classifications. This proposal follows a long tradition in zootaxonomy. It is supported by the important
idea that biological classifications have two major and distinct functions (Mayr 1982, 1997), a practical
one (i.e., providing a universal system of storage and retrieval of information) and an explanatory one
(i.e., providing an evolutionary interpretation and explanation of the diversity of organisms). Ignoring
the first of these functions to concentrate only on the second may seem appealing as a ‘purer’ approach
and may please some professional taxonomists and theoreticians, but is not doing a service to taxonomy
and its innumerable users in all domains of human activity (Cracraft 1974; Ashlock 1984; Benton 2000;
Dubois 2005b; Kuntner & Agnarsson 2006). For this reason, in our classification all genera (except
those which are incertae sedis) are referred to a taxon of rank family, even when the latter is redundant
with its getangiotaxon.

The classification of extant amphibians we present here is based on our TREE which relies on data
of nucleic acid sequencing. Although our sampling of the extant amphibian species is considerable (4060
species out of 8235 recognised on 31 October 2020), it is not complete. In order to include the missing
species, we had to rely either on morphological data or on recent publications based on sequencing that
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were published after the building of our matrix. When they are included, some of our conclusions may
have to change.

Although, for purpose of completeness, we mentioned the fossil taxa, we did so entirely on the basis
of the recent literature, as had already been done by Dubois (2005d), but we did not propose changes in
their current taxonomic allocation and we did not discuss them in our text below.

For sake of completeness, and following Dubois (2005d), we included in our classification, and in
our Appendices AS.NGS, A6.NFS, A7.NCS and A9.CLAD-1 to A12.CLAD-4, all the all-fossil taxa of
LissampHIBIA currently recognised as valid in the literature, with their currently accepted synonyms. For
this we relied on the most recent publications dealing with these taxa (not listed in our References). We
considered as valid all the nomina that have not been recently synonymised, although some of them are
likely to be synonyms. We were also conservative for their taxonomic allocation, so that we referred them
to the lowest ranked taxon in which, according to the current knowledge, this taxon appears to belong.
We consider that in many cases the validity and taxonomic allocation of their nomina is just tentative,
and above all we take no stand on whether these taxa would have to be recognised as valid within the
frame of our classification if they could be submitted to a molecular analysis. Thus their implementation
in our scheme did not interfere with our taxonomic treatment of the extant taxa. For example, as we have
seen above, we recognise a single family AMBYSTOMATIDAE for the two extant genera Ambystoma and
Dicamptodon to avoid taxonomic redundancy. In fact, in this case five all-fossil genera are currently also
referred to this family, but this had no impact on our taxonomic decision, as we implement the Criterion of
non-redundancy only among members of the extant (living and recently extinct) fauna.

The inclusion of nomina of taxa based initially on fossil specimens may also be useful for the
taxonomy and nomenclature of extant taxa as, in a few cases (Andrias, Latonia, and possibly in other so
far undetected cases), the valid nomen of a taxon still represented in the extant fauna may be one such
nomen of ‘fossil’ taxon.

As we have seen above, except in a few cases, we did not challenge the currently accepted generic
classification of extant amphibians. This of course has an impact on our suprageneric classification
and nomenclature. Let us just consider the family BuronIDAE, which in our classification is the family
having the highest number of subordinate ranks (ten, from subfamily to catoclanus). This is the result
imposed on us if we accept all the genera currently considered as valid in the literature, on the basis
of unclear and heterogeneous decisions regarding the genus concept implemented. If another, clearer
genus concept, was adopted, the suprageneric classification could change drastically. For example, if
the mixogenus concept was applied to this family, the number of genera would be considerably reduced
(see Dubois & Bour 2010a: 12-25), and by way of consequence the number of family-series taxa in
this family too. The implementation of the diagnogenus concept throughout this family would also
most probably reduce the number of genera but much less than with the mixogenus concept. A similar
impact of taxonomic decisions regarding generic classification exists across the whole suprageneric
classification of extant amphibians, but will have to persist as long as the decision to afford the rank
genus to a branch remains largely arbitrary, as it is currently in most of amphibian groups.

2.3. Nomenclature

No one wants to alter the language of common sense, any more than we wish to give up talking of the sun rising and setting. But
astronomers find a different language better, and I contend that a different language is better in philosophy. (...) I conclude that
common sense, whether correct or incorrect in the use of words, does not know in the least what words are. I wish I could believe
that this conclusion would render it speechless.

Bertrand Russell 1953: 306-307

2.3.1. Introduction

Efficient and universal communication about scientific classifications requires to use a scientific
nomenclature. Scientific names or nomina (Dubois 2000b) are “the key of the big new biology”
(Patterson et al. 2010). Because they rely on theoretical formalisation of empirical data (characters)
and their correspondence among taxa through homology statements, which are the basis for building
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models of relationships, they have conceptual, explanatory and predictive powers (Mayr 1982, 1997),

and they also allow information storage and retrieval, so that “No other way of naming in science
is so powerful” (Valdecasas et al. 2014). But in order to play fully this role, their allocation to taxa
must follow strict and universal Rules, not vague ‘consensus’ based solely upon ‘usage’ or ‘authority’

Such Rules are provided by the ‘Linnaean-Stricklandian nomenclatural system’ (Dubois 2006c¢), or
more briefly ‘LSNS’, implemented in the International Code of Zoological Nomenclature (Anonymous
1999), which we strictly follow in this work except for a few points, explicitly mentioned below, for
which we follow the Linz Zoocode Proposals (LZP) recently published by he Linz Zoocode Committee
(LZC), in particular their 17 explicit Principles (see Dubois & Aescht 2017b; Dubois et al. 2019).
The latter include two general ones (Zoological Nomenclature Independence and Nomenclatural
Foundation), four dealing with the nomenclatural assignment and availability of nomina (Nominal-
Series, Binomina, Coordination and Neonymy), one dealing with the taxonomic allocation of nomina
(Onomatophores), nine dealing with the validity of nomina and the correctness of paronyms (Zygoidy,
Homonymy, Synonymy, Priority, Airesy, Proedry, Nomography, Sozoidy and Archoidy) and one
dealing with the registration of nomina and onomatergies (Registration). Six of these Principles are
present as such in the Code, although sometimes under different designations; eight do not appear there
as Principles but are implemented as Rules in some articles; and three are not mentioned as Principles
or Rules but are implied by some of the Rules of the Code (for details see our Glossary).

An important (and often ignored or misunderstood) characteristic of the zoological Code, not shared
with other codes like the botanical Code (Turland ef al. 2018), the Phylocode (Cantino & Queiroz 2020)
or the project of Biocode (Greuter et al. 2011), is that the nomina of taxa are assigned to three ‘groups of
names’, better called nominal-series (Dubois 20000), each of which consists of several nomenclatural
ranks, and within which slightly dlfferent Rules apply: the species-series (with four ranks only, species,
subspe<:1es ‘aggregate of species’ and ‘aggregate of subspecies’; nomina written here in italics), the
genus-series (with two ranks only, genus and subgenus; nomina here in italics) and the family-series
(from subtribe to superfamily, with as many additional ranks below superfamily as needed; nomina here
in cAPITAL 1TALICS). Additionally, following Dubois (20000) and the LZP, a class-series, not recognised
by the Code, can be used for nomina of taxa above the rank superfamily (order, class, phylum, and as
many additional ranks as needed; nomina here in BOLD CAPITALS). In zoological nomenclature, nomina
are not attached to ranks but to nominal-series, and the latter play a role much more important than the
ranks themselves in the functioning of the nomenclatural system.

In each zoological ergotaxonomy, allocation of momina to taxa follows strict and automatic
Rules but their allocation to nominal-series and ranks is largely arbitrary, being linked to tradition and

‘consensus’ rather than to a well-defined methodology. There is nothing in the Code or in the taxonomic
literature to indicate why any given taxon should be attributed to the rank family, superfamily, suborder
or order, and in fact the whole history of taxonomy is a succession of changes in this respect, with a clear
tendency towards the progressive upgrading of the ranks of taxa, even when the latter do not change in
their definitions and contents. Most of the genera recognised by Linnaeus (1758a) correspond now to
taxa of rank family, order or even higher.

This peculiar characteristic of the LSNS, with four (in fact three + one) nominal-series that lack
biological or other definitions is a result of the history of zoological nomenclature. It is justified only
by the need to organise the taxonomic information in a convenient and ergonomic way, allowing easy
and efficient storage and retrieval of taxonomic and bibliographic information (Mayr & Ashlock 1981),
but it has no ‘theoretical’ justification. However, suppressing this system today to replace it by a ‘better’
(still to be defined) system of organisation of ranks and nomina (with different requirements and forms
for the nomina in the different nominal-series) would be a very cumbersome endeavour and would
cause endless problems. Its implementation would require considerable working time, care and funding,
and would probably entail many mistakes that would have to be corrected later on. It should certainly
not be considered as appropriate now, in this time of ‘taxonomic urgency’ (for details see Dubois 2011a,
2015a).

2.3.2. Nomenclatural Rules, recommendations and conventions

Once taxa have been defined and arranged into a hierarchy, they must be named. Note that the
process goes this way (from taxa to nomina), not the reverse way (from nomina to taxa). For this to be
done consistently, and in a way that preserves an unambiguous relationship between the ergotaxonomy
and the nomenclature, nomenclatural Rules must be strictly followed. Here we follow the Rules of the
Code for all nomina of taxa at the rank superfamily and below, and the Duplostensional Nomenclatural
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System or DONS (Dubois 2015¢, 2016, 2020a) for all nomina of ranks above the rank superfamily,
which are not regulated by the Code.

The Nomenclatural Process which leads ultimately to the establishment of the valid nomen of a
taxon under these Rules is a three-step process consisting in: {N1} the availability of nomina and
nomenclatural acts; {N2} the taxonomic allocation of nomina; and {N3} the validity and correctness
of nomina (Dubois 2005b). As we will see in more detail below, when first published, a nomen may be
nomenclaturally available (hoplonym) or unavailable (anoplonym) (Dubois 20000). It is usually then or
more rarely later taxonomically allocated through a name-bearing type of onomatophore. It may then
be valid (kyronym), if it has precedence over all other available nomina allocated to the taxon at stake
(synonyms) or having the same spelling (homonyms), or invalid (akyronym), if not.

As the present work deals mostly with suprageneric classification and nomenclature, we will give
below some details on the nomenclatural Rules, recommendations and conventions that we follow here,
first in the family-series (regulated by the Code) and then in the class-series (regulated by the DONS
Criteria).

2.3.3. Nominal-series, nominal-sets and nomenclatural ranks

The Code is both imprecise and restrictive concerning the number and designation of ranks usable
in zoological nomenclature. In the species- and genus-series, the number of ranks complying with the
Code is strictly limited, respectively to four and two. In the family-series, it is limited only at the top, the
highest rank allowed being superfamily. Above this rank, i.e., in the class-series, no precision is given
in the Code, so one is led to consider that no limitation or rule exists.

It would be misleading to believe that each ‘group or level’ of nomina is limited to the rank that is
designated by the same basic or ‘key’ term, possibly combined with another ‘qualifying’ term, such as
‘family’, ‘subfamily’ and ‘superfamily’. Under such an interpretation, ranks based on different ‘key’
terms, such as family and tribe, or phylum, class and order, should be referred to different nominal-
series. This is obviously wrong in the case of family and tribe, and using such a rule in the case of
nomina at ranks above superfamily, in recognising e.g. a ‘phylum-series’ and an ‘order-series’ distinct
from the °‘class-series’, as suggested by Hemming (1953), Levine (1958), Blackwelder (1967),
Rodendorf (1977a-b), Brothers (1983a—b) or Starobogatov (1984, 1991), would only unnecessarily but
considerably complicate the nomenclature of higher-ranked taxa (for details see Dubois, 19845, 20055,
2006a). Such proposals ignore the fact that the ranks of taxa are completely arbitrary and merely based,
in each zoological group, on tradition and consensus, as they provide by themselves no information on
the biological characteristics of taxa or on their evolutionary history. In order to remove this ambiguity,
the LZC proposed to use the new expression nominal-set to designate the gathering of all the ranks
the designations of which are based on the same ‘key’ term—e.g., family, tribe, phylum, class, order
(Dubois & Aescht 2017¢). All members of the same nominal-set belong of course in the same nominal-
series, but a given nominal-series may include several nominal-sets (e.g., family and tribe in the family-
series, or regnum, phylum, class and order in the class-series).

In the family-series, the Code states that as many ranks as needed (“that may be desired” according
to Article 35.1) may be used from the rank superfamily downwards to the rank genus. No explanation
or rationale is given for this upward limitation, which forbids the use of ranks like hyperfamily above
superfamily, but as long as the Code has not been modified in this respect (Dubois 20064, 2011a), this
limitation must be followed.

As we will see, to be available, a family-series nomen must be a rhizonym, i.e., a nomen formed
by adding an ending indicating plural to the stem of an available genus-series nomen, its ‘type genus’
or better nucleogenus (Dubois 20050). Five FS ranks are fully regulated by the Code regarding their
endings: one rank regarded here as mandatory (family, ending in -IDAE) and four ranks regarded here as
optional (superfamily, ending in -0IDEA; subfamily, ending in -INAE; tribe, ending in -IN1; and subtribe,
ending in -Inv4). Although their use is explicitly allowed in the Code, no guideline is offered in this text
regarding the endings to be used for the other optional ranks in the FS, which are unlimited in number,
except that these endings should indicate plural in Latin. This is made mandatory by the fact that all FS
nomina are “nouns in the nominative plural” (Article 11.7.1.1), or should be treated as such.

This question was addressed by Bour & Dubois (1985, 1986), Dubois (2006a) and Dubois & Aescht
(2019j), who made proposals which we largely follow here, with slight modifications. As we will see
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below, in order to express fully the cladistic relationships among extant amphibians disclosed by our
analysis, we need 25 ranks above genus and below classis: 11 ranks in the class-series and 14 ranks in
the family-series. In other zootaxonomic groups, more ranks would be necessary and for this we refer
to Dubois (2006a), but here we will limit our discussion to these 25 ranks.

As we will see also, in our proposed methodology the mandatory rank family plays a central role,
its position in the hierarchy being fixed by objective Criteria. Of course, in the FS we need additional
ranks both above and below the rank family. The situation above the rank family offers little freedom
as, according to the Code, the hierarchy must stop at the rank superfamily. We inserted two ranks
between superfamily and family, namely epifamily (as used in Bour & Dubois 1985, 1986, Lescure et
al. 1986 and Dubois 20054, but not in Dubois 2006a, which was not Code-compliant in this respect)
and apofamily, but we refrained to add more as the class-series provides many additional ranks that
allow expanding the hierarchy to the top. Below family, Dubois (2006a: 208) proposed a hierarchy of 38
ranks, but as we need only 10 of these ranks for the extant amphibians we used only a small subsample
of this virtual hierarchy. In particular, we did not use intermediate ranks between family and the three
subordinate ranks below family fully regulated by the Code (subfamily, tribe and subtribe), so that they
follow each other in descending order.

TABLE 1.HIE. Hierarchical relationships between the ranks in the species-, genus-, family- and class-series

used in this work.

This Table provides the first mentions of these ranks in the herpetological literature, and the prefixes (modifiers) used to
designate these ranks in the present work, as well as the standard endings [between square brackets] used here in the
family-series for the nomina referred to these ranks. The family-series ranks for which the Code mentions standard
endings are shown on light gray background. The places in the hierarchy of the ranks clanus and phalanx follow Dubois
(2006b). INR: information not relevant here.

Modifier Species Genus Clanus Tribus Familia Phalanx Ordo Classis
Super INR INR INR INR Giinther 1858; Hocloco  INR INR
Gill 1884
[-01DEA]
Epi INR INR INR INR Bour & Dubois Hoc loco  INR INR
1985
[-o1pAE]
Apo INR INR INR INR Hoc loco INR INR INR
[-EIDAE]
- Linnaeus Linnaeus Dubois Latreille 1825  Batsch 1788 Hoc loco  Linnaeus 1758a¢  Linnaeus 1758a
1758a 1758a 2008f [-In1] [-1DAE]
[-17E5]
Sub Linnaeus Linnaeus Hoc loco Lescure™ 1986 Rafinesque 1815 Hoc loco Linnaeus 1758a;  Linnaeus 1758a;
1758a; 1758a; [-r71ES] [-INA] [-INAE] Rafinesque 1815  Rafinesque, 1814

Bedriaga 1881  Gray 1825

Infra INR INR Hoc loco Lescure™ 1986 INR Hoc loco  Hoc loco INR
[-170ES] [-IN14]

Hypo INR INR Hoc loco Hoc loco INR Hoc loco  Hoc loco INR
[-rTUES] [-iNvoa]

Cato INR INR Hoc loco INR INR INR INR INR
[-17YES]
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As concerns the CS ranks, Dubois (2006a) provided a hierarchy of 99 ranks, but we only need to use
11 of them (from subclass to hypophalanx) for the extant amphibians. They are referred to three distinct
nominal-sets, those of class (one rank), order (four ranks) and phalanx (six ranks).

Starting from the key rank family, the fixation of which is detailed below, in order to deal with all
the suprageneric taxa recognised here in extant amphibians we need 15 superordinate ranks below class
and above family (12 in the CS and 3 in the FS) and 10 subordinate ranks below family (all in the FS).
To avoid arbitrary and chaotic allocation of ranks to taxa, the use of these 25 ranks needs to follow in all
cases the same, fixed, sequence, giving priority to some ‘common’ ranks over ‘rarer’ ones. The simplest
situation is when there is a need of a single rank above family and below order, and of only three ranks
between family and genus. In such cases, priority will be given to the four ranks fully regulated by the
Code (superfamily above family, and subfamily, tribe and subtribe below family). But as soon as more
ranks have to be added, we need an a priori fixed sequence for the addition of ranks into the hierarchy.
In most cases, this sequence will simply follow a descending order (e.g., tribe, subtribe, infratribe,
hypotribe, or order, suborder, infraorder, hypoorder). But there are a few exceptions. For example, we
did not use any rank between subfamily and tribe (such as infrafamily or supertribe), in order to allow
the four ‘official’ (i.e., fully regulated by the Code) ranks (family, subfamily, tribe and subtribe) to follow
directly each other—but such additional ranks might be necessary in another zoological group whose
taxonomy would require more ranks than the amphibians. For the same reason, the ranks epifamily and
apofamily will be used only after the rank superfamily, as the latter is part of the ranks recommended by
the Code.

Table T1.HIE presents all the ranks used in this work, with their respective nominal-series and nominal-
sets, and reference to the first works where they were mentioned in herpetology. For the 14 FS ranks we
used, it shows the standard endings adopted here, which differ slightly in a few cases from those suggested
in the previous works cited above.

Table T2.SEQ provides the two sequences of allocation of ranks to taxa that we implemented in
this work, both above and below the rank family. This excludes the ranks class, subclass and order, for
which here we simply followed the tradition, as given e.g. in the database of the Zoological Record
(<ZR 1864-2020>).

On the whole, a total of 1389 (766 generic and 623 suprageneric) lissamphibian taxa, are recognised
in this work (Table T.14.NUM), attributed to 14 family-series and 11 class-series ranks below class,
some of these ranks being used very often and some very rarely. The following list provides the number
of taxa using each of these ranks in CLAD presented here. Ranks underlined in this list are part of the
seven key ranks considered here mandatory in zoological nomenclature for reasons stated above.

Numbers of taxa attributed to class-series ranks below class (34 + 1 ): C03 SuBcrassis (1); C04
ORrRDO (3 + 1 ¥); COS SuBORDO (7); C06 INFRAORDO (2); C07 HYPOORDO (2); C08 SUPERPHALANX
(2); C09 EpipHALANX (2); C10 PHALANX (3); C11 SUBPHALANX (5); C12 INFRAPHALANX (4); C13
HyporPHALANX (3).

Numbers of taxa attributed to family-series ranks (573 + 15 +): F'14 SUPEREAMILIA (18); F'15 EPIFAMILIA
(12); F16 AporamILIA (9); F17 Famiria (69 + 13 1); FI18 SuBramiLia (87 + 2 1); F19 TriBus (89); F20
SUBTRIBUS (92); F21 INFRATRIBUS (65); F22 HyPOoTRIBUS (44); F23 CLANUS (32); F24 SuBcLanus (17);
F25 INFRACLANUS (23); F26 HyrocLANUS (14); F27 CATOCLANUS (2).

Numbers of taxa of rank genus (566 + 200 +).

2.3.4. Nomenclatural availability

As we have seen, the nomenclatural process which leads to the establishment of the valid nomen
of a taxon in a given ergotaxonomy is a three-step process (availability, allocation, validity). Let us
consider first the step nomenclatural availability.

To be usable in zoological taxonomy, a nomen must have been introduced in the taxonomic literature
following strict Criteria of availability, resulting from the process of nomenclatural promulgation
(Dubois 20200). These Criteria include in fact four distinct levels, three concerning availability proper
(Dubois 2005b) and one concerning nominal-series assignment. They must be implemented in the
following order: {O1} publication availability or p-availability; {O2} nominal-series assignment of
nomen; {O3} nomen availability or n-availability; and, whenever necessary, {O4} nomenclatural act
availability or a-availability. The Criteria of p-availability apply indiscriminately to all publications
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that contain new nomina, whatever their nominal-series, whereas the Criteria of n-availability and a-
availability differ slightly in each nominal-series.

In what follows, available nomina are designated as hoplonyms and unavailable ones as anoplonyms
(Dubois 20005). The latter are presented below " between straight quotation marks ".

2.3.4.1. Publication availability

Before examining the Criteria of availability of nomina themselves, all the Criteria of nomenclatural
availability of the works where these nomina were published should also be checked. Table T3.AVP
presents the 29 situations described in the Code or in DONS as leading to unavailability of publications
for nomenclatural purposes (see Dubois 2015¢: 83—-84). Following the 2012 amendment of the Code
(Anonymous 2012), three kinds of works can now be potentially available in zoological nomenclature:
paper-printed publications (p-publications) since 1758; optical discs (CD-Roms, DVDs; d-publications)
from 1986 to 2011; and online electronic publications (e-publications) since 2012. No other kind of
document can be available in zoological nomenclature.

Dubois et al. (2013: 61-64) pointed to a list of 40 works which are nomencaturally unavailable for
having been published by BMC periodicals from 2001 to 2013 either only online before 2012, or after
2011 but without statement of Zoobank pre-registration. These works proposed 97 new SS, GS, FS and
CS nomina which turned out to be anoplonyms, as well as 4 nomenclatural acts which are unavailable,
in many zoological groups. Since then, many more such situations occurred. Among the cases listed,
two publications and four nomina concerned the extant AMPHIBIA, but more appeared since then, and
more will inevitably occur in the future, as long as the Commission has not faced the problems raised by
Dubois et al. (2013) and modified the Code in order to suppress or limit them (see Dubois ef al. 2019).

The following works are nomenclaturally unavailable according to the relevant Criteria in T3.AVP,
so that all the new nomina of AMPHIBIA they contain are unavailable and should never be used:

(Pb-02) Work not issued for the purpose of providing a public and permanent scientific record.
e Lowe, 1950: " Aneides flavipunctatus quercetorum' ," Aneides flavipunctatus sequoiensis' .

(Pb-05) Invalidation of work under the Plenary Power of the Commission. e [1] La Cepede
1788:" Buffo" . [2] Oken 1816:" Calamitd"," Phryne" .

(Pb-13) Congress material. ® Liu 1964:" Paramegophrys" .

(Pb-19) Date of electronic publication. e [1] Perez-Ramos & Saldana de la Riva 2000:
" Pseudoeurycea amuzgd' (see Dubois et al. 2005: 50). [2] Stock et al. 2008:" Bufo siculus' (see Dubois
et al. 2013). [3] Biju et al. 2009: " Ghatophryne " ," Xanthophryne ", " Xanthophryne tigerinus " (see
Dubois et al. 2013).

(Pb-21) Statement of pre-registration of electronic publication. e [1] Tissier et al. 2015:
" Phosphotriton' T," Phosphotriton sigei' 7. [2] Chen et al. 2016:" Prospea "t," Prospea holoserisca" .
[3] Sd et al. 2018: " Relictus" . [4] Souza Carvalho et al. 2019a:" Cratopipa" . [5] Agnolin et al. 2020a:
" Kururubatrachus" . [6] Skutschas et al. 2020a: " Balveherpeton" .

(Pb-22) Statement of pre-registration of online supplementary material attached to a paper or
electronic publication. ® Li ez al. 2008: " Liuixalus" .

2.3.4.2. Nominal-series assignment of
suprageneric nomina

The nominal-series assignment of zoological nomina is usually straightforward when it concerns
species- and genus-series nomina, except in very old publications, where for example some SS nomina
were uninomina, but then the work is unavailable by virtue of Article 11.4 (see Table T4.AVN). But
the distinction between family-series and class-series nomina is more difficult, at least in some cases.
This question was discussed at length by Dubois & Bour (20105), Dubois (2015¢) and Dubois & Ohler
(2019), and will only be summarised here.
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TABLE 4.AVN. Criteria of unavailability of class-series (CS) and family-series (FS) nomina, and of

nomenclatural acts concerning them, according to the Code (Anonymous 1999) for FS nomina and nomenclatural

acts, and to the DONS Criteria (Dubois 2015¢) for CS nomina (indicated as DONS in column 5).

For details and terminology, see Glossary and Dubois (2000b, 2010a, 2013). [Ex], Example. Id., Identifier of Rule or Criterion.
General domain: CS, nomen of the class-series; FS, nomen of the family-series; ON, onomatergy (nomenclatural act).

1d. General ~ Precise domain ~ Name of criterion Article of  Description of criterion

domain the Code

Av-02  CS,FS, Publication Anecdidonym 1: 11.1 Nomen or nomenclatural act not published, after 1757, in the meaning of
ON absence of Articles 3.2, 8-9 and 21.8 (see Table T3.AVP).
publication

Av-04 FS Nomenclatural ~ Ectonym 1: 11.4 Species-, genus- or family-series nomen (oligocaconym) published
system non-binominal but unavailable within the framework of zoological nomenclature as
specific nomenclature regulated by the Code, for having been published in a work that is not

consistently binominal for nomina of rank species, not even in its index.
Comment. e Article 11.4 expressly states that CS nomina are not
concerned by this Rule.

Av-06  CS,FS Nomenclatural ~ Ectonym 3: nomen 1.2.2, Nomen (anemonym) published but unavailable within the framework of
system unassignable to DONS zoological nomenclature as regulated by the Code or by DONS, for being
nominal-series unassignable to a nominal-series in the original publication.

Av-08  CS,FS Nomenclatural ~ Ectonym 5: unranked DONS Nomen (anhypsonym) published but unavailable within the framework

system or pseudoranked of zoological nomenclature as regulated by the Code, for being proposed
nomenclatural system within a fully or partially unranked nomenclatural system (e.g., using
or pseudo-system unranked ‘taxa’, ‘phyla’ or ‘clades’ above the FS).

Av-10  CS,FS Purpose Temporary or 1.3.5, Nomen proposed as temporary reference or as a plural noun referring

informal reference 8.1.1, to the members of a taxon (e.g., ‘testudines’ for the members of the
11.7.1.2 genus Testudo in Linnaeus 1758a), not for formal, public and permanent
taxonomic use to designate a taxon.

Av-12  CS,FS Purpose Synonym 11.6 Nomen introduced as junior synonym of a nomen considered valid.
Exception: this Rule does not apply if the nomen was treated as available
in the scientific literature between 1757 and 1961. [Ex] LEPTODACTYLIDAE
Werner, 1896.

...... continued on the next page
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TABLE 4. (Continued)

1d. General ~ Precise domain ~ Name of criterion Atrticle of  Description of criterion
domain the Code

Av-14  CS,FS Purpose Explicit intentionality 16.1 Nomen published after 1999 without explicit statement that it is a new

nomen.

Av-16  CS,FS Intension Hypothetical concept 1.3.1 Nomen proposed for a hypothetical taxonomic concept, not based on

actual specimen(s).

Av-18  CS,FS Intension Gymnonym 12,13 Nomen (gymnonym or nomen nudum) introduced
[1] before 1931, without a description or definition of the taxon it denotes
or an indication;
[2] after 1930, without [a] a description or definition that states in
words characters that are purported to differentiate the taxon, or [b] a
bibliographic reference to such a statement, or [c] a statement that the
new nomen is a neonym (nomen novum) for an available nomen.
Exception: a FS nomen published after 1930 and before 1961 which does
not satisfy the provisions of [2] above and was not rejected after 1960
and before 2000 by an author expressly mentioning these provisions,

and which was used as valid before 2000, is available from its original

publication.
Av-20  FS Rank Nomenclatural 35.1 Family-series nomen expressly proposed as superordinate to the rank
hierarchy: availability superfamily.

of FS nomen

Av-22  CS,FS Language Zoological formula 1.3.7 ‘Zoological formula’ (see Anonymous 1922), i.e., nomen proposed as
modification of an available nomen by addition of a standard prefix or
suffix (e.g., prefix Pan- to indicate ‘total-clades’; see Louchart et al.
2014).

Av-24  CS,FS Language Grammatical case and 11.7.1, Nomen not respecting the requirement to be a noun in the nominative
number DONS plural when introduced.

Av-26  FS Language Suffixes 11.7.1.4 FS nomen based on a GS nomen applied only to fossils and ending in the

suffix -ites, -ytes or -ithes

...... continued on the next page
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TABLE 4. (Continued)

1d. General ~ Precise domain ~ Name of criterion Article of  Description of criterion
domain the Code

Av-28  CS,FS Language Metagraph 2: 19, 33.2.2, Spelling rejected as a result of a mandatory spellings or ending
nomographic 34,50.4 correction.
correction

Av-30  FS Rhizonymy Family-series 11.7.1 FS nomen not based on a then available genus-series nomen.
arhizonym or
quasirhizonym

Av-32  FS Rhizonymy Family-series 11.7.1 FS nomen based on an available generic nomen used as valid in the
auxorhizonym taxonomy adopted in the publication where the FS nomen is introduced,
but not being formed directly from the stem of this nomen but on this

nomen to which a suffix (e.g., -formes or -morpha) has been added.

Av-34  CS,FS Neonymy Neonym of 12,13 Nomen introduced as a neonym (nomen novum) for an anoplonym

anoplonym (unavailable nomen).

Av-36  FS Invalidation Invalidation under the 10.1,78,  Availability of FS nomen removed by the International Commission on

Plenary Powers 81 Zoological Nomenclature under its Plenary Power (exoplonym).

Two independent suprageneric nominal-series exist in zoological nomenclature: the family-series
(nomina of families, tribes and related ranks), whose nomina are fully regulated by the Code, and the
class-series (nomina of classes, orders and taxa attributed to other higher ranks), whose nomina are only
partially regulated by the Code (mostly concerning their nomenclatural availability). However, there
is no biological or other Criterion to decide whether a given suprageneric nomen should be assigned to
either nominal-series, and the Code fails to provide any unambiguous Criterion to distinguish between
FS and CS nomina. It just states in its Article 11.7.1.1 that, to be an available FS nomen, a nomen “must
be a noun in the nominative plural formed from the stem of an available generic name”, i.e., must be a
rhizonym (Dubois 2006¢), but unfortunately it does not exclude the possibility that a CS nomen can also
be a rhizonym, which is a strong source of potential confusion.

Furthermore, Linnaeus (1758a), in the book that was later fixed as the starting point of zoological
nomenclature, only used five named ranks below reign (class, order, genus, species, variety) and 12
unnamed ranks (Dubois 2007¢), but not the ranks family and tribe, which were introduced only later,
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and whose position in the hierarchy wandered for a while before becoming fixed between order and
genus only around 1825 (Dubois 2006a).

It results from this complex situation that, in the early texts of zootaxonomy, the fact that an author
used the denomination ‘family’ or ‘tribe’ for a suprageneric taxon is not an acceptable evidence that
this nomen should be assigned to the family-series as understood today. Unambiguous Criteria are
needed. Such Criteria were first proposed by Dubois (2006a) and Dubois & Bour (201056), and refined
by Dubois (2015¢) and Dubois & Ohler (2019).

Some terminological clarifications are needed. The first useful distinction is between rhizonyms
(Dubois 2006c¢), arhizonyms (Dubois 2006c¢), pseudorhizonyms (Dubois 2015¢) and quasirhizonyms
(Dubois & Frétey 2020a), concepts presented in detail here in Table TS.RHI:

{P1} An arhizonym is a suprageneric nomen which is not based on the stem of an existing nomen,
whether of the genus-series or of another nominal-series.

{P2} A rhizonym is a suprageneric nomen HN proposed for a suprageneric taxon HT and complying
with three conditions: {P2a} it is based on the stem of a then available GS nomen GN included in HT;
{P2b} this stem is followed by a simple plural ending, that can be construed as being derived from the
Greek term 1806 (eidos), ‘appearance, shape’ (e.g., -IDAE, -OIDEA, -IDES, etc.) or not (e.g., -AE, -INAE, -INI,
-INA, -ITI, -ITES, etc.); {P2c} the nomen GN is allocated as valid to the taxon HT in the ergotaxonomy
adopted in the publication where HN is introduced.

{P3} A pseudorhizonym is a suprageneric nomen based on the stem of a genus-series nomen failing
to comply with one at least of the three conditions {P2a—c}. Three categories of pseudorhizonyms
(auxorhizonyms, cenorhizonyms and xenorhizonyms) were distinguished by Dubois (2015¢), Dubois
& Aescht (2019)) and Dubois & Frétey (2020a), who provided detailed discussions of these concepts.

{P4} A quasirhizonym is a suprageneric nomen based on the stem of either a nomen of the species-,
family- or class-series or of a non-scientific name of animal, this stem being combined with an ending
derived from another or several other terms.

Altogether, rhizonyms, pseudorhizonyms and quasirhizonyms, which are based on the stems of
other nomina or names, which opposes them to arhizonyms, qualify as panrhizonyms,

The Code only deals with some of the situations that are encountered in zoological nomenclature:

{Q1} To be acceptable as an available FS nomen under the Code, a suprageneric nomen HN must
be a rhizonym as defined above under {P2}.

{Q2} Any nomen unambiguously assigned to the FS in the original publication that does not
comply with the conditions of {Q1} is an unavailable FS nomen.

Arhizonyms, pseudorhizonyms and quasirhizonyms therefore fail to comply with the Code’s Criteria
of nomenclatural availability of FS nomina. But this does not mean that they are automatically available
CS nomina: they can be so only if proposed clearly for taxa at ranks above superfamily.

After a detailed analysis of the literature dealing with amphibians, Dubois (2015¢: 87-89) concluded
that 10 situations can be encountered regarding the nominal-series assignment of suprageneric nomina
(see Table T6.ASN): 5 which result in assignment to the CS, 3 which result in assignment to the FS and
2 which result in unassignment to a nominal-series and unavailability.

Six Criteria can be used to ascertain the nominal-series assignment of suprageneric nomina: {R1}
original rank attribution of nomen, which applies only for the original Linnaean ranks reign, class
and order and their subsidiary ranks (whose names start with sub-, super-, etc.); {R2} rhizonymy,
which is mandatory for family-series nomina but can occur also in the class-series; {R3} coordination
and polysemy, which apply only to family-series nomina; {R4} topotaxy, i.c. the place of taxa in the
taxonomic hierarchy; {R5} historical Criterion, taking into account the first date of appearance of
the family-series nomina in the zoological group considered; and {R6} taxonomic consistency, which
requires to give pre-eminence to the family-series in case of heretogeneity of the nominal-series
assignment of parordinate nomina in a publication. In many cases, none of these Criteria is sufficient
alone to reach a clear-cut decision, but their combination allows it. These Criteria were examined in
details, with examples, in Dubois (2015¢: 29-36) and in Dubois & Ohler (2019: 19-23) and it would be
redundant to repeat all this information here, so we refer to these publications.

It is important to note that these Criteria apply only and strictly in the original publication in which the
nomen is introduced, not in any subsequent work, whether by its original author or by another author.

In the present work, we applied carefully these Criteria to establish the nominal-series assignment
of all suprageneric nomina ever proposed for taxa of extant amphibians, which allowed us to assign
clearly all of them to a nominal-series and to state whether they are nomenclaturally available or not.
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TABLE 5.RHI. Categories of rhizonymy in the family-series and class-series with their standard
endings used here.
In the family-series, standard endings are imposed by the Code for 5 ranks, and in the present work we use standard endings
for 9 additional ranks (see Table T1.HIE). In the class-series, under DONS, the Criteria for standard endings shown
below are those of the Code for FS rhizonyms, and those proposed by Dubois (2015¢) and emended by Dubois & Frétey
(2020a) in the frame of DONS for CS arhizonyms and panrhizonyms (rhizonyms, cenorhizonyms, auxorhizonyms,
xenorhizonyms and quasirhizonyms). In the fourth column, whenever appropriate the radiconomen of the nomen HN
is given between square brackets and followed by: (I) if the radiconomen is a radicogenus nomen included in the CS
taxon and therefore plays the role of onomatophore for the latter; (N) if the radicomen is a radicogenus nomen not
included in the CS taxon and therefore does not play this role; (V) if the radiconomen is not a genus-series nomen but
a species-series or a class-series nomen, or a non-scientific name of animal, and therefore does not play this role; (Z) if
the HN nomen is not based on a radiconomen.

Category of nomen Definition, status according to nominal-series and reference

Standard CS Examples in the CS: protograph of CS nomen

ending HN [radiconomen] — eugraph of CS nomen HN
Rhizonym Suprageneric nomen HN (designating a taxon HT) based on the -ACEA BuronNAcEA Haeckel, 1889 [Bufo Laurenti, 1768
stem of a then available genus-series nomen GN referred as valid (I)] — BuronNacEa Haeckel, 1889
to HT, followed by a simple ending denoting plural (e.g., -AE, PrpoEr Dubois, 1983/ [Pipa Laurenti, 1768
-IDAE, -INAE, -IDI, -OIDEA, -ACEA, ¢etc). (I)] —> PrpacEA Dubois, 1983/
If proposed as a family-series nomen, it may be available under PROTEIDEA Miiller, 1831 [Profeus Laurenti,
Atrticle 13.2 of the Code (if all other criteria of nomenclatural 1768 (I)] — PrOTEACEA Miiller, 1831
availability are complied with), but then, according to the rank
where it is used, it should be so with a correct ending according to RANACEA Wilbrand, 1814 [Rana Linnaeus, 1758
the Code’s Rules or to DONS’ proposals (Table T1.HIE). (D] — Ranacea Wilbrand, 1814
RANAE Bonaparte, 1850 [Rana Linnaeus, 1758
If proposed as a class-series nomen, it may be available under (I)] — RANACEA Bonaparte, 1850
DONS Ceriteria (if all other criteria of nomenclatural availability
are complied with), but then, it should be so with the standard
ending -ACEA, which is not in a relation of hierarchy and may be
used at whatever rank.
Dubois 2006¢: 8, 2015¢: 80.
Arhizonym Suprageneric nomen HN not based on the stem of a genus-series ~ Varia GEOBATRACHI Ritgen, 1828 (Z) —

nomen.

If proposed as a family-series nomen, it is incorrectly formed
according to Article 13.2 of the Code, and is therefore a family-
series anoplonym (nomenclaturally unavailable).

If proposed as a class-series nomen, it may be available under
DONS Ceriteria (if the other conditions of nomenclatural
availability are complied with), and if so it should be used

under the spelling which has obtained general acceptance in the
literature, if it exists. Apart for a few endings (e.g., -BRANCHIA,
-GLOSSA, -PHORA), most endings are used only within limited
zoological groups. In all cases where several nomina referred to
the same taxonomic group share a common ending, the use of this
ending should be homogenised in all of them in order to follow its
most common spelling (e.g., -BATRACHIA instead of -BATRACHI).

Dubois 2006a: 178, 2015¢: 52.

GEOBATRACHIA Ritgen, 1828

GYMNOBATRACHIA Miranda-Ribeiro, 1924 (Z)
— GYMNOBATRACHIA Miranda-Ribeiro, 1924

PHANEROBRANCHI Wagler, 1828 (Z) —
PHANEROBRANCHIA Wagler, 1828

IMPERFECTIBRANCHIA Hogg, 1838 (Z) —
IMPERFECTIBRANCHIA Hogg, 1838

AcGLossA Knauer, 1878 (Z) — AGLOSSA
Knauer, 1878

AGLOSSAE Wagler, 1830 (Z) — AGLOSSA
Wagler, 1830

URroPHORA Hogg, 1839 (Z) — UROPHORA
Hogg, 1839

NOTOCENTROPHORI von Huene, 1920 (Z) —
NOTOCENTROPHORA von Huene, 1920

GymnNoPHIA Rafinesque, 1814 (Z) —
GYMNOPHIONA Rafinesque, 1814

DERMATOPHIDES Ritgen, 1828 (Z) —
DERMATOPHIONA Ritgen, 1828

...Continued on the next page
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TABLE 5.RHI. (Continued)

Category of nomen Definition, status according to nominal-series and reference Standard CS  Examples in the CS: protograph of CS nomen
ending HN [radiconomen] — eugraph of CS nomen HN
Pseudorhizonym Suprageneric nomen HN based on the stem of a genus-series Varia See below

nomen but not complying with the conditions of the Code for the
availability of FS nomina (available GS nomen included as valid
in HT).

If proposed as a family-series nomen, it is incorrectly formed
according to Article 13.2 of the Code, and is therefore a family-

series anoplonym (nomenclaturally unavailable).

If proposed as a class-series nomen, it may be available under
DONS Criteria (if the other conditions of nomenclatural avail-
ability are complied with).

Three categories: cenorhizonym, auxorhizonym and xenorhizo-
nym (see below).

Dubois 2015¢: 22, 79.

Cenorhizonym A subcategory of pseudorhizonym: suprageneric nomen HN -ACEI ANGUINEA Wiegmann & Ruthe, 1832 [Anguis
(designating a taxon HT) [1] based on the stem of an available Linnaeus, 1758 (N)] — ANGUINACEI
or unavailable generic nomen GN, followed by a simple ending Wiegmann & Ruthe, 1832

denoting plural (e.g., -AE, -IDAE, -INAE, -IDI, -OIDEA, -ACEA, etc . R
gp (©g. -aE, ? ) CALAMITAE Link, 1807 [Calamita Schneider,

but [2] this nomen not being referred as valid to the taxon HT 1799 (N)] — CALAMITACE Link, 1807

in the ergotaxonomy adopted in the publication where HN was
introduced. LacerTini Gray, 1850 [Lacerta Linnaeus, 1758

. . o (N)] — LACERTACEI Gray, 1850
If proposed as a family-series nomen, it is incorrectly formed

according to the Code, and is therefore a FS anoplonym.

If proposed as a class-series nomen and available, it should be
used with the standard ending -ACEL, which is not in a relation of
hierarchy and may be used at whatever rank.

Dubois & Bour 2011: 157; Dubois 2015¢: 53; Dubois & Frétey

2020a.
Auxorhizonym A subcategory of pseudorhizonym: suprageneric nomen HN -IFORMIA BuroNirorRMES Cope, 1864b [Bufo Laurenti,
(designating a taxon HT) [1] based on the stem of a then avail- 1768 (I)] — BuroniFormiA Cope, 1864H

able generic nomen GN referred as valid to the taxon included in HyLaEroRrmIs Cope, 18635 [Hyla Laurenti,

HT in the ergotaxonomy adopted in the publication where HN 1768 (1)] — HyLIFORMIA Cope, 1863

was introduced, but [2] combined with an ending derived from

another or several other terms (e.g., -formes, -morpha, -phora, P1PAEFORMES Brocchi, 1881 [Pipa Laurenti,
etc.). 1768 (1)] — PreirormiA Brocchi, 1881
If proposed as a family-series nomen, it is incorrectly formed RanNirormiA Hogg, 1839a [Rana Linnaeus,
according to the Code, and is therefore a FS anoplonym. 1758 (I)] — Rantrormia Hogg, 18394

If proposed as a class-series nomen and available, common
-OMORPHA  ASTEROPHRYOMORPHA Fejérvary, 1923

[Asterophrys Tschudi, 1838 (I)] —
ASTEROPHRYOMORPHA Fejérvary, 1923

particular cases are those of such nomina the original endings of
which were derived from the roots forma (Latin) or popon, mor-
phe (Greek) meaning ‘form, shape’: under DONS as emended by
Dubois & Frétey (2020a), it should be used under the respective PIPAEMORPHA Fejérvary, 19215 [Pipa Laurenti,
standard endings -IFORMIA or -OMORPHA, which are not in a 1768 (I)] — PrroMoRPHA Fejérvary, 19215

relation of hierarchy but may be both used at whatever rank. )
RANOMORPHA Fejérvary, 1921b [Rana

Dubois 2015¢: 22; Dubois & Frétey 2020a. Linnaeus, 1758 (I)] — RANOMORPHA
Fejérvary, 1921b

...Continued on the next page
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TABLE 5.RHI. (Continued)

Category of nomen Definition, status according to nominal-series and reference Standard CS  Examples in the CS: protograph of CS nomen
ending HN [radiconomen] — eugraph of CS nomen HN
Xenorhizonym A subcategory of pseudorhizonym: suprageneric nomen HN -IFORMI ANGUIFORMES Gouriet, 1868 [Anguis Linnaeus,
(designating a taxon HT) [1] based on the stem of an available 1758a (N)] — ANGurrormI Hogg, 1839
or unavailable genus-series nomen GN, but [2] this nomen not ANGUIFORMIA Hogg, 18394 [Anguis Linnaeus,
being referred as valid to the taxon HT in the ergotaxonomy 1758a (N)] — ANGuUIFORMI Hogg, 1839

adopted in the publication where HN was introduced and [3] its

stem being combined with an ending derived from another or LacerTiFormIA Jarocki, 1822 [Lacerta
Linnaeus, 1758a (N)] — LACERTIFORMI
Jarocki, 1822

LAcerTIFORMIA Hogg, 1839a [Lacerta

several other terms (e.g., -formes, -morpha, -phora, etc.).

If proposed as a family-series nomen, it is incorrectly formed

according to the Code, and is therefore a FS anoplonym. Linnaeus, 1758a (N)] — LACERTIFORMI

If proposed as a class-series nomen and available, common Hogg, 1839

particular cases are those of such nomina the original endings of
which were derived from the roots forma (Latin) or popory, mor-
phe (Greek) meaning ‘form, shape’: under DONS as emended by
Dubois & Frétey (2020a), it should be used under the respective
standard endings -IFORMI or -OMORPHI, which are not in a relation

of hierarchy but may be both used at whatever rank.

Dubois 2015¢: 22, 82, 90; Dubois & Frétey 2020a.

Quasirhizonym Suprageneric nomen HN based on the stem of either a nomen of  -IFORMES PiscirormMiA Hogg, 18394 (V) — PISCIFORMES
the species-, family- or class-series or of a non-scientific name of Hogg, 1839

animal, this stem being combined with an ending derived from
SERPENTIFORMIA Leuckart, 1840 (V) —
another or several other terms (e.g., -formes, -morpha, -phora,
) SERPENTIFORMES Leuckart, 1840
etc.).

If proposed as a family-series nomen, it is incorrectly formed -OMORPHES ICHTHYOMORPHA Owen, 1866 (V) —

according to Article 13.2 of the Code, and is therefore a family- [CHTHYOMORPHES Owen. 1866

series anoplonym (nomenclaturally unavailable).

OrHIOMORPHA Van der Hoeven, 1855 (V) —

If proposed as a class-series nomen and available, common
prop > OprHIOMORPHES Van der Hoeven, 1855

particular cases are those of such nomina the original endings of

which were derived from the roots forma (Latin) or popen, mor- THERIOMORPHA Owen, 1866 (V) —
phe (Greek) meaning ‘form, shape’: under DONS as emended by THERIOMORPHES Owen, 1866
Dubois & Frétey (2020a), it should be used under the respective THERIOMORPHA Hoffmann, 1878 (V) —
standard endings -IFORMES or -OMORPHES, which are not in a THERIOMORPHES Hoffmann, 1878

relation of hierarchy but may be both used at whatever rank.

Dubois & Frétey 2020a.

2.3.4.3. Nomen and onomatergy availability

2.3.4.3.1. General situation

Table T4.AVN presents the 36 situations leading to unavailability of higher ranked nomina or of
nomenclatural acts concerning them (see Dubois 2015¢: 85—86). Three of these situations apply to the
onomatergies (nomenclatural acts) and 34 to FS nomina under the Code, while 27 apply to CS nomina
according to the DONS Rules (Dubois 2015¢). These situations are much more varied than many
taxonomists believe. Many authors think that the formula nomen nudum applies to all anoplonyms
(unavailable nomina), but this is incorrect. The Glossary of the Code clearly defines nomen nudum as
referring to a nomen that, if published before 1931, fails to conform to Article 12, or, if published after
1930, fails to conform to Article 13. This applies to only three of the 36 situations described in Table
T4.AVN (Av-16, Av-31, Av-32). Rather than using the formula nomen nudum in an improper manner, it
is therefore preferable to use the general terms anoplonym for the 36 situations, gymnonym for nomen
nudum as defined in the Code, and atelonym for all other cases of anoplonyms, which include several
subcategories not discussed here (see Dubois 2011a and Glossary below for details).
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Careful examination of Table T4.AVN shows that a number of amphibian FS and CS nomina
published in the past, and for some of them recently, are nomenclaturally unavailable and cannot be used
in zoological nomenclature. Here are some examples of nomina which are nomenclaturally unavailable
according to the relevant Criteria in Table T4.AVN, and therefore should never be used:

(Av-11) Conditional proposal. e "LreproBracHiINI Dubois, 1980 ", validated later as
LEPTOBRACHIINAE Dubois, 1983c.

(Av-18) Gymnonym. e [1]" ALLOPHRYNIDAE Savage, 1973", validated later as ALLOPHRYNIDAE
Goin, Goin & Zug, 1978 (see Dubois 1986a). [2] " ANEIDINI Vieites, Nieto Roman, Wake & Wake,
2001", validated later as ANEiDINT Wake, 2012 (see Dubois 201250). [3]" LiuvrxaLini Li, Nieto Roman,
Wake & Wake, 2001", validated in the present work as ROMERINA nov. [4]" MICRIXALINAE Bossuyt &
Milinkovitch, 2001", validated later as MiCrRIxALINAE Dubois, Ohler & Biju, 2001 (see Dubois et al.
2001). [5] " PARATELMATOBIINAE Pyron & Wiens, 2011", validated later as PARATELMATOBIINAE Ohler
& Dubois, 2012. [6] " Relictus Sa et al. 2018 ", validated in the present work as Relictocleis nov. [7]
" Unicus Sa et al. 2019a ", same as preceding. [8]" Unicus Sé et al. 2019b", same as preceding.

(Av-29) Metagraph 3: ameletograph. e " DicROGLOSSIDAE Anderson, 1871 ", ameletograph of
DiscocrossipAae Glinther, 1858 (see Ohler & Dubois 2014 and Ohler et al. 2014).

(Av-30) Family-series arhizonym or quasirhizonym. e [1] " BarrachHr Batsch, 1788 ". [2]
"IcHTYOIDA Latreille, 1825 ". [3] " TritoNIDES Tschudi, 1838". [4] " ELEUTHEROGNATHINAE Mcéhely,
1901". [5]" HEMIGNATHODONTINAE Miranda-Ribeiro, 1926 " .

(Av-31) Family-series cenorhizonym or xenorhizonym. e [1]" 7ritoni4a Rafinesque, 1815 ",
validated later as TriToNEs Tschudi, 1838. [2] " PrRoTEINA Gray, 1825 ", validated later as PROTEINA
Bonaparte, 1831 (see Dubois & Ohler 2015).

(Av-32) Family-series auxorhizonym. e [1] " BuroniFormEs Duméril & Bibron, 1841 ". [2]
" PrPINoMORPHA Béaez & Pugener, 2003 " . [3]" ALLOCENTROLENIAE Guayasamin et al. 2009 " .

Four particular domains regarding the availability of nomina require particular attention because
of the existence of several situations which may be confounded if not enough attention is paid to their
complexity: {S1} that of metagraphs, i.c. the distinction between autoneonyms (available) and some
categories of apographs (which, being spellings and not nomina, can qualify neither as available nor as
unavailable); {S2} that of the categories of homonymy; {S3} that of ectonyms, i.e. nomina which are
proposed under a nomenclatural system different from that of the Code and incompatible with it; {S4}
that of the acceptable tolerance for borderline gymnonymy.

2.3.4.3.2. Metagraphs

Areally tricky problem of zoological nomenclature is that of the distinction between different kinds
of alternative spellings for nomina and of the distinction between different spellings of nomina and
different nomina. This question was discussed at full length in several papers (Dubois 1987b, 20104,
2012a, 2015¢, 2017h; Dubois & Ohler 2019; Dubois & Aescht 20190) which should be consulted for
details. Here the conclusions of these discussions are shown in Tables T4.AVN, T7.NS-1 and T8.NS-2.
Table T7.NS-1 presents the categories and subcategories of nomina and spellings we distinguish in this
work, whereas T8.NS-2 presents the Criteria of distinction between some of these categories.

To make these matters short, once a new nomen has been made available in zoological nomenclature,
it is liable either to be replaced by another available nomen (neonym) according to the Principle of
Neonymy, or to have its original spelling (protograph) modified. This modification may be either
intentional (meletograph) or not (ameletograph), being then due to inadvertence from the part of the
‘author’ of the publication (more precisely, the nomenclatural auctor of the nomen or the subsequent
scriptor of the spelling) or of its editor, publisher or printer. As long as this situation has not been clarified
by a careful analysis, this modified spelling may be designated as that of a metagraph. The latter may
later turn out to be either a voluntary change in spelling (meletograph), i.e. an ‘unjustified emendation’
or autoneonym, therefore a distinct nomen with its own auctor and date, or simply an ameletograph
(involuntary change in spelling), which does qualify as a distinct nomen and does not have its own
auctor but only a scriptor. There are then several possibilities: this spelling may be a symprotograph or
a leipoprotograph, a nomographic correction or an ameletograph. Among all the existing or potential
spellings of a given nomen, in the end only one (the eugraph) can qualify as the correct one for this
nomen to designate a given taxon in a given ergotaxonomy. It is important to realise that the relevant
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TABLE 7.NS-1. Nomina and spellings. Definitions of categories.

Categories of nomina are designated by terms ending in -onym, whereas categories of spellings are designated by terms

ending in -graph.
Column 4 N/S: N, nomen, which may be available or unavailable; S, spelling, devoid of independent availability.

Category of Subcategory of Definition N/S
nomen or spelling nomen or spelling
Nomen - Scientific name as defined and regulated by the zoological Code.
Nomen Poiconym Brand new nomen, not proposed to replace an existing one.
Nomen Homonym One of two (or several) nomina deemed to be homonyms under the Rules of the Code
(for SS, GS or FS nomina) or under the DONS Criteria (for CS nomina).
Nomen Homograph One of two (or several) nomina having exactly the same spelling. S
Homonym Hadromonym Permanent homonym. N
Homonym Asthenomonym Conditional homonym. N
Nomen Synonym One of two (or several) nomina deemed to denote the same taxon in a given ergotaxonomic N
frame under the Rules of the Code (for SS, GS or FS nomina) or under the DONS Criteria
(for CS nomina).
Synonym Isonym Objective synonym.
Synonym Doxisonym Subjective synonym.
Synonym Allelonym One of two (or several) synonymous nomina used both (or all) as valid for the same taxon
(having the same content) in the same publication.
Nomen Isomonym Any of two or more distinct nomina being both homonyms and isonyms under the Rules of N
the Code (for SS, GS or FS nomina) or under the DONS Ceriteria (for CS nomina).
Nomen Archaeonym Original nomen that has been replaced by a neonym.
Nomen Neonym Nomen proposed expressly to replace an available nomen (its archaeonym), and having the
same onomatophore (Articles 12.2.3, 13.1.3, 33.2.3) and also the same onomatostasis in
some cases of CS sozonymorphs (Dubois 2015c¢) as the latter.
Neonym Autoneonym Neonym having the same etymology as its archaeonym, i.e., directly derived from it through N
unjustified emendation (Article 33.2.3).
Neonym Alloneonym Neonym having a partially or totally different etymology from that of its archaeonym, i.c., N
not directly derived from it through unjustified emendation (Articles 12.2.3, 13.1.3).
Neonym Mesoneonym Neonym whose etymology is not clearly different or the same as that of its archaeonym.
Neonym Haploneonym Subsequent spelling of a nomen which, being clearly a meletograph, must be considered a
neonym although it does not meet the restrictive Criteria of Article 33.2.1 (see NHI-NHS in
column 3 of Table T8.NS-2).
Neonym Archoneonym Ameletograph which has been afforded the status of available neonym by the Commission N
under the Plenary Power.
Spelling - The arrangement of letters that compose a word. In nomenclature, the same nomen can take S
different spellings, its parographs.
Spelling Parograph Any spelling, either original (protograph) or subsequent (apograph), ever used in the S
literature for a nomen.
Spelling Protograph Original parograph of a nomen in the publication where it was originally introduced. S
Protograph Holoprotograph A category of protograph: unique original spelling of a nomen. S
Protograph Symprotograph A category of protograph: one of two or more alternative original spellings of a nomen. S
Protograph Lectoprotograph The symprotograph validated by an airesy under Article 24.2. S
Protograph Leipoprotograph Any symprotograph rejected by an airesy under Article 24.2. S
Spelling Apograph Any subsequent parograph of an existing nomen. S

...Continued on the next page
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TABLE 7. (Continued)

Category of Subcategory of Definition N/S
nomen or spelling nomen or spelling

Spelling Eugraph Correct spelling of a nomen for a given taxon in a given ergotaxonomy. S
Spelling Nothograph Incorrect spelling of a nomen for a given taxon in a given ergotaxonomy. S
Spelling / Nomen Metagraph Any spelling of a nomen different from the correct original spelling and which may be N/S

either an apograph (a symprotograph or a leipoprotograph, a nomographic correction,
a meletograph or an ameletograph) or an autoneonym.

Metagraph Meletograph Spelling of a nomen used voluntarily in a publication by an author, scriptor, editor, printer or N/S
publisher.
Metagraph Ameletograph Spelling of a nomen used inadvertently in a publication by an author, editor or publisher. S
Metagraph Nomographic Any correction in the spelling, stem or ending of a nothograph required by the S
correction nomenclatural Rules, which may be either a mandatory ending correction

(Article 32.5; Dubois 2013) or a mandatory spelling correction (Article 34; Dubois 2013).

Metagraph Archapograph Autoneonym which has been given the status of apograph by the Code S
(Articles 33.2.3.1, 35.4.1) or by the Commission under the Plenary Powers.

criterion to distinguish a neonym from an ameletograph is not the fact that the new spelling is ‘justified’
(as implied by the Code’s terminology) but whether it is intentional (voluntary) or not.

We followed the Criteria summarised in these tables throughout the present work to establish the
status of all amphibian nomina regarding their availability and spelling. In particular, following Dubois
(2017b), we adopted a wider acceptation of the concept of autoneonym than that implemented in the
Code, which we consider questionable and non-operational. Rather than on the concepts of ‘justified’
or ‘unjustified’ emendations, our interpretation relies on the distinction between ‘intentional’ and
‘inadvertent’ spelling changes which we consider more relevant. As a consequence, following the
Criteria described in T7.NS-1 and under HN-1 to HN-5 in T8.NS-2, we afford here nomenclatural
availability to a few nomina (sigoneonyms) which are denied this status in some recent publications and
databases, as well as in some recent decisions of the Commission. However, as none of these nomina
has precedence over its synonyms or homonyms, this difference of interpretation does not result in any
changes in the nomina recognised as valid in our ergotaxonomy, and is therefore not liable to raise new
nomenclatural problems.

2.3.4.3.3. Categories of homonymy

In zoological nomenclature, although designated by a term used since the 19" century, homonymy
is not ‘simple homonymy’ as understood in common language or even in linguistics. It is a precise
technical qualification of nomina that is not equivalent to strict homography (identical spelling). First
of all, homonymy only applies to nomina of the same nominal-series: two homographic nomina in
different nominal-series are hemihomonyms (Starobogatov 1984, 1991) and are not concerned by the
Rules of homonymy (see Shipunov 2011). Second, under the Code, homonymy is defined differently
according to the nominal-series considered: {T1} in the genus-series, homonymy exists only in case
of absolute homography (a single one-letter difference being enough to prevent homonymy); {T2} in
the species-series, nomenclatural homonymy occurs more widely than between homographs, as it only
requires ‘almost absolute’ homography, i.e., paromography or rhizomography (a few ‘variant spellings’
being ‘deemed to be identical’); {T3} in the family-series, homonymy only requires rhizomography
(homography of the stems of the nomina, which qualify then as rhizomonyms).

The traditional Code’s subcategories of homonyms were redefined by Dubois (20000) as
hadromonyms (which cover two categories of the Code, ‘simple homonyms’ in the GS and FS and
primary homonyms in the SS) and asthenomonyms (SS secondary homonyms in the Code). Later,
Dubois (2012a) proposed to recognise two additional subcategories of homonyms in particular
situations.
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A metomonym is a junior homonym that results from a ‘redefinition’ of a nomen, through
unwarranted modification or replacement of the onomatophore of a previously introduced nomen—
which in fact results in the promulgation of a new nomen. Thus, citing ‘AMPHIBIA Linnaeus, 1758 but
for a taxon having a much more restricted extension than the original one amounts to the promulgation
or recognition of a new homonymous nomen AMPHIBIA. Metomonyms are particularly frequent in
the class-series but also sometimes occur in other nominal-series. For this situation to apply however,
the change in onomatophore should be explicit, or at least indisputable, for example through explicit
mention of the original onomatophore or of part of it as being then referred to a distinct taxon: the mere
misuse of a nomen, for example for a taxon not explicitly including the onomatophore but without
mention of the taxonomic allocation of the latter, does not qualify as the promulgation of a metomonym
(see Dubois & David 2020). Otherwise, any misidentification of a specimen or of a taxon would qualify
as the promulgation of a new nomen, and the taxonomic literature would have to recognise millions of
such ‘junior homonyms’. Dubois (2012a: 67) gave several examples of metomonyms and of misuses of
previously introduced nomina that do not qualify as metomonyms.

Anisomonym is anew nomen which has the same onomatophore as a previously (and independently)
introduced nomen and which is a homonym of the latter according to the nomenclatural Rules. This
situation is very common in the family-series. Quite often, in the old literature, but also sometimes
in more recent works, different auctores introduced independently, i.e., without knowledge of their
respective works, homonymous family-series nomina. This is an automatic consequence of the fact that,
to be available, a family-series nomen must be a rhizonym, and that if two auctores decide independently,
perhaps for different reasons, to erect a new FS taxon and to base its nomen on the same nucleogenus
(type genus), the resulting nomina will be homonymous. In most publications which mention CS and
FS nomina, the auctorship and date of the nomina are not given, and in the old literature it was quite
frequent to erect new taxa and to introduce new nomina without stating that the taxa and nomina were
new, but this did not impede the availability of the new nomina—it became so only in the current edition
of the Code, the Article 16 of which requires explicit mention of the intention to introduce a new nomen,
and also explicit mention of its nucleogenus. But then, when mention of the intention is missing in the
original text, it is often difficult or impossible, especially in the older works, to ascertain whether this is
a subsequent use of an existing nomen, possibly modified in its ending, or a new isomonymous nomen.
However, in most cases it is of no practical nomenclatural consequence and it would even be a futile
endeavour to try to ascertain this, because: {U1} if the junior use of the nomen is based on the senior
nomen or is slightly different from it but based on the same stem (e.g., RANINA and RANIDAE), it is just
a mere citation (chresonym) or a subsequent avatar (aponym) of the latter (e.g., following a change of
rank) and it has the same auctor, date and onomatophore; {U2} if the junior nomen is independent of
the senior nomen, it is simply its junior isomonym, i.e. both its junior isonym (objective synonym) and
hadromonym, and anyway it will not have any chance to be valid. It is therefore justified, in synonymic
lists of family-series nomina, to consider all subsequent mentions of a family-series nomen, whether
under its protograph or under one of its apographs, as subsequent uses of the original nomen as its
chresonym or aponym and not as its isomonym. This practice greatly simplifies the reading of such lists
(see e.g. Dubois 1984b) and it avoids heavy and useless researches to ascertain whether the user of the
junior nomen had cited it or had ‘established’ it again, believing he/she was the first to use it. However
before doing so, two elements should be ascertained:

{V1} If an isomonym is introduced with the explicit statement that it is a new nomen or applies to
a new taxon, it is available as a new junior homonym and synonym with its own auctor and date, not a
mere citation of an existing nomen.

{V2} If the content of the taxon is not compatible with the onomatophore (and onomatostasis if
relevant, see below) of the original taxon, it is also available as a new junior metomonym with its own
auctor and date. This applies even if the nomen was credited to a previous auctor.

Note however that this situation is quite different from the situation in the other three nominal-
series (species-, genus- and class-series), where the fact that two nomina are homographs does not
automatically mean that they are the same nomen, with the same auctor, date and onomatophore: in such
cases a careful study of all the information available is necessary to establish the status of the junior
nomen.

Dubois (2012a: 5960, 67) gave several examples of isomonyms and of cases of subsequent usage
of identical or slightly modified nomina that do not qualify as isomonyms. The FS nomen RANIDAE
provides a good example of the frequent situation where no evidence exists that the auctor had created
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an isomonym and had not just used an existing nomen without mentioning its auctor. The family nomen
RaNIDAE was the first one introduced in the scientific literature for a family of anuran amphibians,
which has nothing surprising as it was based on the nomen Rana, the only generic nomen of anurans
in Linnaeus (1758a). However, it was re-introduced on repeated occasions, presumably as ‘new’, at
least by auctores who did not quote each other, and who used different spellings for it: RAnINa Batsch,
1796; RanAE Goldfuss, 1820; RaNaDAE Gray, 1825; RanoIDpEa Fitzinger, 1826; RANIDAE Boie, 1828;
etc. From a purely formal point of view, all these nomina should probably be considered isomonyms,
but this would only make the synonymy of this family nomen, which is already very heavy, even more
cumbersome and difficult to read: it is therefore much simpler and clearer to consider them all as
aponyms of RaNINA Batsch, 1796, which is the valid nomen (as RANIDAE) of the family.

Opposite examples can be given. Dubois & Raffaélli (2012: 113) explicitly established a new
salamander tribe RANODONTINI, based on the nucleogenus Ranodon Kessler, 1866. They were not aware
of the existence of the nomen RANODONTINAE, previously established by Thorn (1966: 108) on the basis
of the same nucleogenus. Their nomen is therefore an invalid junior isomonym of Thorn’s nomen. The
same applies to their nomina ANEIDINI, BATRACHOSEPINI and HYDROMANTINA, which were in press when
Wake (2012) hurried to publish identical nomina for three tribes based on the same nucleogenera (see
Dubois 2012b).

In the present work, we have strictly limited the recognition of isomonyms to the cases where the
new use of the isomonymous nomen was accompanied by the explicit statement that the latter was
new—which in most cases was due to the ignorance of the existence in the literature of the senior
isomonym or to almost synchronous publication of both works.

2.3.4.3.4. Ectonyms

Among the 36 situations that lead to nomenclatural unavailability of zoological nomina and
nomenclatural acts listed in Table T4.AVN, 31 concern cases of unavailability due to errors made within
the nomenclatural system of the Code or of the Code-compatible Duplostensional Nomenclatural System
for class-series nomenclature. But five of them concern cases of nomina which were proposed within
the framework of alternative and incompatible nomenclatural systems, or at least which do not respect
some of the basic requirements of the Code such as binominal nomenclature for species, the assignment
of nomina to nominal-series and ranks, or the taxonomic allocation of nomina through ostension with
onomatophores but not through verbal intensional definitions (see e.g. Dubois 2011a).

At the beginning of the 20" century, when zoologists from various countries agreed to adopt
international Rules for zoological nomenclature (Blanchard 1905), one of their first decisions was
to draw clear lines of delimitation between works respecting these Rules and works ignoring them.
For this purpose, they had to take quite drastic decisions. For example, one of the first Rules adopted
concerned the requirement that specific nomina should be binomina, not uninomina or plurinomina.
They could have restricted themselves to state that species nomina that did not respect this Rule were
unavailable, and therefore cast aside the domain of zoological nomenclature. But they went further,
and stated that works that were not consistently binominal for nomina of rank species were expelled
altogether for this reason from zoological nomenclature, so that even the genus-series and family-series
nomina or the nomenclatural acts in such works were also unavailable. Note that they did not go as
far concerning plurinominal genus-, family- or class-series nomina, or family-series nomina not being
rhizonyms: in these cases, the Code only states that the ill-formed nomina are unavailable, but this has
no impact on the availability of the other new nomina in the same works—a possibility which would
indeed have made sense then, but which could not be implemented today as it would have catastrophic
consequences on nomenclatural stability. Other ‘barriers’ exist between Code-compliant nomenclature
and other possible nomenclatural systems, e.g. concerning the date, the language and alphabet used or
the kind of documents providing nomenclatural availability (excluding e.g. manuscripts, unpublished
works or non-pre-registered electronic publications). These barriers are very important, as if they did not
exist it would be impossible to have strict Rules leading to international, unambiguous and automatic
recognition of the valid nomina of taxa.

In the recent years, a renewed interest in zoological nomenclature has led to various proposals of
changes in the nomenclatural Rules. Some of these proposals, like that of DONS, were compatible with
the basic Principles and Rules of the Code, but others, like that of the Phylocode or that to abandon
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the use of ranks for the nomina of higher taxa, were not. The latter proposals are in fact ‘immiscible’
with the Code and should be considered as amounting to the implementation, either fully conscious and
elaborated or not, of alternative nomenclatural systems. As such proposals and practices tend to become
more and more common, we think it is high time for zootaxonomists who wish to follow strictly the
Rules of the Code, or Criteria compatible with the latter for questions not addressed by the Code (such
as class-series nomenclature), to erect new explicit barriers to ‘protect’ the Code from such alternative
systems, just like when works that were not binominal for species were expelled from Code-compliant
zoological nomenclature. For example, we think that the Code should clearly state that works using
totally or partially unranked, or pseudo-ranked, nomenclature for higher taxa, should be considered
as nomenclaturally unavailable, at least for the new unranked nomina that they contain, and that such
nomina should not be used in taxonomic works respecting the Code. We implemented this proposal in
the present work.

We designate here such nomina, which we consider as unavailable under Code-compliant zoological
nomenclature, as ectonyms. For the time being, we recognise five categories of ectonyms (see T4.AVN),
but this does not preclude the possible recognition of further categories later on.

2.3.4.3.4.1. Oligocaconyms: non-binominal specific nomenclature

Article 11.4 of the Code denies nomenclatural availability to all species-, genus- and family-
series nomina (here called oligocaconyms) established in works that are not consistently binominal
for nomina of rank species. Such works were still quite frequent after the publication of Linnaeus’
(1758a) tenth edition of the Systema Naturae. In some of these works (e.g., concerning amphibians,
Rosel von Rosenhof 1758 or Gronovius 1763), the nomina of species were plurinomina (in fact rather
diagnoses than nomina, just like in many pre-1758 Linnaean zoological books), whereas in others they
were uninomina and in still others (e.g., Linnaeus 1758b) they were variable (uninomina, binomina and
plurinomina).

Note that Article 11.4 expressly states that class-series nomina are not concerned by this Rule, so
that for example the class-series nomina that appeared in Linnaeus (1758b) but were absent in Linnaeus
(1758a), such as ACANTHOPTERYGII, must be considered nomenclaturally available (see Dubois 2010a,
2012a).

2.3.4.3.4.2. Hypercaconyms: plurinominal nomina above the species-series

Article 4.1 of the Code denies nomenclatural availability to genus-, family- and class-series nomina
which are not uninomina (i.e. which are binomina or plurinomina). Concerning amphibians, this was
the case of some class-series nomina published until late in the 19" century (e.g., by Daubenton 1782,
La Cepede 1788, Cuvier 1797, Shaw 1802, Latreille 1804, Pallas 1814, Wilbrand 1829, Wagler 1830,
Bronn 1853, Stannius 1856, Glinther 1858, Wright & Huxley 1866, Strauch 1870). We did not include
these nomina in our survey of amphibians’ class-series nomina.

Note that in this case, in contrast with the preceding, the unavailability concerns only these
hypercaconyms themselves but does not apply to the other new nomina proposed in the same work.

2.3.4.3.4.3. Anemonyms: nomina unassignable to a nominal-series

Article 1.2.2 of the Code states that this text regulates the nomina of taxa of the species-, genus- and
family-series, and that some Articles also provide partial regulation (mainly concerning their availability)
for class-series nomina. Then, in the rest of the Code, details are given on various Rules which, although
obeying the same general Principles, are different, and sometimes quite so, according to the nominal-
series. It is therefore fully clear that, although this is not stated in full words in the Code, in order to
be recognised as available in zoological nomenclature, a nomen must be either explicitly assigned or
implicitly assignable to a nominal-series in the work where it is first proposed, as otherwise it could not
be regulated by the Code. We call such nomina anemonyms.

As we have seen (Table T6.ASN), following the works of Dubois (2015¢ and references therein),
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in most cases this assignment is possible through the use of objective Criteria, but there are a few
exceptions, and in such cases the nomen must be considered as unavailable. One such example is the
nomen “Porcellana”, proposed by Costa (1776) for a taxon called family on page 177 but genus on page
297 (Dubois 2015c¢: 32).

Anhypsonyms, discussed below, represent a particular category of anemonymes.

2.3.4.3.4.4. Notharchonyms: alternative nomenclatural systems

In the recent years, several nomenclatural systems alternative to the current Code have been proposed
by different authors. Most of these systems claim to be ‘phylogenetic nomenclatural systems’ and show
two main differences with the Code:

{W1} These systems do not rely, for the allocation of nomina to taxa, to ostemnsion through
onomatophores (see below subchapter ‘Taxonomic allocation of nomina’), but to intensional definitions
of nomina. Nomina established under such systems may be qualified as diorismonyms.

{W2} They do not use nominal-series and nomenclatural ranks but treat all supraspecific taxa
indiscriminately as unranked ‘taxa’ or ‘clades’. This question is discussed further below under the
subchapter on anhypsonyms.

The best advertised and famous of these intensional nomenclatural systems is the Phylocode
(Cantino & Queiroz 2020), which has both characteristics {W1} and {W2}.

The project of Biocode (Greuter et al. 2011) relies on ostensional allocation of nomina to taxa but
follows {W2} and is therefore also incompatible with the Code (see Dubois 2011c¢).

The Phylocode has elicited a number of severe criticisms (see e.g. Dubois 2005b: 387398, and
references therein). Nevertheless, it has had a limited success among some taxonomists, particularly
palaeontologists, for a reason that is easy to understand: the fact that the Code fails to provide Rules for
the nomenclature of taxa above the rank superfamily, whereas ‘phylogenetic nomenclatural systems’,
including the Phylocode, do not have such limitations, as they cover the whole nomenclatural hierarchy.
It is comprehensible in such conditions that some authors (e.g., Kuntner & Agnarsson 2006) proposed a
compromise solution, ‘maintaining’ the nomina of lower taxa in the Code and ‘offering’ the nomina of
higher taxa to the Phylocode. This solution is not only flawed and shaky, it is not viable in the long run. The
modes of functioning of the two nomenclatural systems are fundamentally different and incompatible,
as they rely on widely different systems of allocation of nomina to taxa, and their association in a unique
nomenclatural system could not function harmoniously for long. Nomenclatural ranks as used in the
Code carry most useful information on the structure of a taxonomic hierarchy (and thus also, through
the latter and following some conventions, about a phylogenetic tree), but are fully arbitrary, having by
themselves no biological meaning concerning the ‘kind of taxon’ at stake, so that not rarely a taxon has
to shift from a rank to another, in order to allow a better expression of phylogenetic relationships within
a group. But this can often be done without any change in its intensional and extensional definition. In
a system based on a chimera between the Code and the Phylocode, what would occur if a nomen had
to shift, e.g., from the rank superfamily to suborder, or vice versa? It would also have to shift from an
ostensional definition based on an onomatophore to an intensional ‘phylogenetic’ definition, or vice
versa. As the nomenclatural status of nomina depends on their original taxonomic allocation in the
original work where they are introduced, this would be fully unmanageable. The proper solution to the
problem of higher taxa nomenclature is not in an unholy marriage but in a widening of the domain of
competence of the Code in order to include all taxa at all ranks.

For a long time, the Phylocode did not have a deep impact on amphibian nomenclature, as only
two ectonyms explicitly based on its Rules (rotharchonyms) had been published before 2020 (see
Appendix A8.ECT): <GYMNOPHIONIFORMES™> Marjanovi¢ & Laurin, 2008 and <GYMNOPHIONOMORPHA>
Marjanovi¢ & Laurin, 2008. But four additional ones were proposed in the book Phylonyms (Queiroz et
al. 2020), and it can be expected that many more will be published in the coming years.

Besides, many nomina have been coined, before the implementation of the Phylocode, within the
frame of unranked nomenclatural systems or pro-systems, as we will now see.
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2.3.4.3.4.5. Anhypsonyms: unranked or pseudoranked nomenclatural systems, mero-systems or pseudo-
systems

Dubois (2015c¢: 7-9) discussed the concept of ‘nomenclatural system’ and proposed to distinguish
several kinds of such systems. He defined a comprehensive nomenclatural system or nomenclatural
holo-system as a set of Principles, Rules and Criteria that allows to find the valid and correct nomen
of any taxon of a given group of organisms under any taxonomic arrangement, in all situations and in
an unambiguous, automatic, repeatable and universal manner. This means that such a system does
not leave room for interpretations, discussions and debates. It must therefore cover all particular cases
and situations that may be encountered in the taxonomic literature and give precise instructions in
such cases, including in some particular situations the need to resolve an ambiguity through an airesy
(revisionary nomenclatural act). It cannot accept imprecisions regarding the terms used and the Rules. A
good Criterion to recognise such a system is that its Rules are automatic enough to allow their potential
computerisation aiming at solving any nomenclatural question, provided all necessary information has
been entered in a database, without leaving room for personal decision, except in a very limited set of
situations which require recourse to an airesy. A nomenclatural system which does not comply with
these requirements cannot be stated to be comprehensive, and may be more appropriately described
as an incomplete nomenclatural system or nomenclatural pro-system. Under holo-systems, two
different authors working seriously on different sides of the planet, confronted to the same nomenclatural
situation or problem, should come to the same conclusion without having to contact each other, to rely
on ‘consensus’ or to appeal to a committee, board or court, whereas this is not the case under pro-
systems.

Pro-systems themselves are of two kinds, nomenclatural mero-systems that provide Rules or
Criteria for some taxonomic or nomenclatural situations only, e.g. not covering the whole nomenclatural
hierarchy, and nomenclatural pseudo-systems that are not internally consistent and leave room for
personal interpretations and subjective decisions even in the situations supposedly covered by the
system.

As we have seen above in 2.2.2, the widespread misunderstanding which consists in equating
nomenclatural ranks with taxonomic categories is at the basis of the recent practice of using no
supraspecific rank at all (unranked nomenclatural systems) or of a mixture of ranked taxa (e.g., genera,
subfamilies, families and superfamilies) and unranked taxa, all the latter being simply designated as ‘taxa’
or ‘clades’. This latter mixture was designated by Dubois (2007a: 34) as pseudoranked nomenclatural
pro-systems. Dubois (2008f: 69—80) discussed such systems in detail and illustrated them (tables 5-10)
with two examples, taken from the works of Frost ez al. (2006) and Vieites et al. (2007).

Unranked nomina established under such systems or pro-systems (amhypsonyms), cannot be
assigned to nominal-series and as such cannot be available under the Code or under a nomenclatural
system for class-series nomina that would be compatible with the Code. We propose the following
convention to write such ectonyms: «PARATOIDEA» Queiroz & Gauthier, 1992; «STEGOKROTAPHIA»
Cannatella & Hillis, 1993; «NATATANURA» Frost ef al., 2006.

The first such ectonyms were proposed by Queiroz & Gauthier (1992) under a nomenclatural
system ‘announcing’ the Phylocode. These authors, followed by Cannatella & Hillis (1993) and Ford
& Cannatella (1993), made no distinction between taxonomic categories and nomenclatural ranks.
Their criticism of the latter in fact applied to taxonomic categories but did not in the least address
the question of the appropriateness of using a hierarchy of ranks and nomina to express the structure
of the hypothetic phylogenetic tree on which their taxonomy and nomenclature were based. They
distinguished ‘stem-names’ and ‘node-names’, which they both treated as ‘singular nouns’, because
“taxa are historical entities” (Ford & Cannatella 1993: 95). This by itself is sufficient to remove the
nomenclatural availability of these nomina under the Code or DONS.

In amphibians, many such anhypsonyms (48) were later proposed by a single research team (45
in the work of Frost et al. 2006 and 3 in that of Grant ef al. 2006). Some of these nomina were fully
new, whereas others were borrowed from the literature but redefined, thus in fact establishing new
hemihomonymous nomina. These authors found some merits in the recommendations of Queiroz &
Gauthier (1992) but did not follow them consistenly. They used a mixed nomenclatural pro-system “based
on common sense” in which they respected the Code for taxa of the ranks species to superfamily (which
they called ‘regulated taxa’), but used the indiscrimate general term ‘taxon’ for all higher taxa, stating
that they applied “an unranked taxonomy for unregulated taxa (above family group), the hypotheses
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for these taxa being derived from their included content and diagnostic synapomorphies.” (Frost et
al. 2006: 143). This sentence by itself shows again the common confusion between taxonomy and
nomenclature, as the Code regulates nomina, not taxa. They did not justify this difference of treatment
between both kinds of taxa. Furthermore, this statement is misleading because the unranked taxa they
recognised were not all “above family group” as most of them were parordinate to family-series taxa or
to taxa being themselves subordinate to family-series taxa (see table 9 in Dubois 2008f: 77). Besides,
the Criteria they used to ‘validate’ some ancient nomina under their system were inconsistent (Dubois
& Ohler 2019). Their nomenclatural pro-system is therefore both a mero- and a pseudo-system.

Dubois (2015¢) attempted to ‘save’ some of these ectonyms by applying to them the Criteria of
assignment of nomina to nominal-series listed above under {R1} to {R6}. As we have seen, nomina
introduced within the frame of a fully unranked nomenclatural system like the Phylocode cannot be
referred to ranks and nominal-series, or could be so only arbitrarily, and must therefore anyway be
treated as unavailable in Code-regulated zoological nomenclature (Criterion Av-07 in Table T4.AVN).
But some nomina introduced under pseudoranked nomenclatural pro-systems could possibly be referred
to ranks (and consequently to nominal-series) through the Criterion of topotaxy {R4}: in such cases,
all nomina parordinate or subordinate to nomina which are clearly assigned to the FS according to the
Criteria [FS1] to [FS3] of Table T6.ASN, would have to be assigned to the FS, whereas all those that were
introduced for taxa superordinate to the latter should be assigned to the CS. Then, all the unranked ‘taxa’
of caecilians and frogs introduced by Frost et al. (2006), being parordinate or subordinate to families,
would belong in the FS. Most of these nomina, being arhizonyms or pseudorhizonyms, would therefore
be unavailable in zoological nomenclature, except for two of them («HYLOIDES» and «RANOIDES»)
which, being rhizonyms, could be available—although invalid for being junior homonyms, respectively
of Hyrina Rafinesque, 1815 (1825) and Ranina Batsch, 1796. Finally, in salamanders, two nomina
of ‘higher’ taxa, «CRYPTOBRANCHOIDEI» (just superordinate to the families CRYPTOBRANCHIDAE and
HyNoBIIDAE) and «DIADECTOSALAMANDROIDEI», parordinate to the latter, would belong in the CS.
However, these two CS nomina would then be invalid junior synonyms of much older CS nomina
(respectively IMPERFECTIBRANCHIA Hogg, 1838 and PSEUDOBRANCHIA Sonnini & Latreille, 1801; see
Dubois & Raffaélli 2012). In the end, there would be no way to ‘save’ the 45 new higher nomina
of ‘taxa’ introduced by Frost et al. (2006), some of which are quite long and unpalatable (Dubois &
Raffaélli 2009, Dubois 2010¢) and in fact this is fully justified, as the authors of these nomina had
clearly proposed them outside the regular system of the Code, as those of unranked taxa.

Because of the unwarranted mistrust in ranks, based on a misunderstanding, that has been spread by
a few recent authors, a number of papers using pseudoranked nomenclature were published in the last
25 years. Appendix A8.ECT lists the 96 such nomina that were established for amphibian taxa from
1992 to 2020 and which are unavailable both in the FS according to the Code and in the CS according to
DONS. Few of the authors of these works justified their use of such unranked nomina for these higher
taxa, and when they did so their explanations were sometimes quite strange indeed. Thus, Guayasamin
et al. (2009: 20) established an ‘unranked taxon’ « ALLOCENTROLENIAE», whose nomen is unavailable
under the Code, in the superfamily HyLoipea for the two families CENTROLENIDAE and ALLOPHRYNIDAE,
instead of using an intermediate family-series nomen for this taxon, because this would have created
“nomenclatural instability by shifting the ranks of taxa”—a phenomenon which occurs frequently in
zootaxonomy as a result of the progress of research and is not a problem as there exists nothing like
a ‘stability of ranks’. For their part, Streicher ef al. (2018: 142) wrote: “We take this opportunity to
propose new names for some of the more well-supported clades of [sic] families (note that taxa above
the family level do not require formal diagnoses). Even if these clades prove to be incorrect in the future,
these names at least allow us to reference these groups.” The idea that suprafamilial taxa “do not require
formal diagnoses” clearly takes its root in the Phylocode ideology, but is not justified under a Code-
compatible conception of nomenclature (see Articles 1.2.2, 10.1 and 13.1.1).

As a matter of fact, among the 96 anhypsonyms and notharchonyms listed in Appendix A8.ECT, 18
were published accompanied only by ‘phylogenetic definitions’ (‘node-’ or ‘stem-based’ nomina) but no
diagnosis, definition or description in words allowing to make them nomenclaturally available under the
Code, so that even if some authors wished to use, against all evidence, the ectonyms of this table under
a Code-compliant taxonomy, this could not apply to these 18 diorismonyms.
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2.3.4.3.5. Acceptable tolerance for borderline gymnonymy

One of the main, if not the main, reasons for the unavailability of nomina is gymnonymy, i.e., in
most cases, the fact that the new nomen was originally published without “a description or definition
that states in words characters that are purported to differentiate the taxon” (Article 13.1.1), or even,
before 1931, an indication, e.g., an illustration of the taxon being named (Article 12.2.7). On the other
hand, a vernacular name, a locality, a geological horizon, the mention of a host, a label or a specimen
do not in themselves constitute a description, definition or indication and do not provide nomenclatural
availability. The same applies, although this is not mentioned in the Code, to the position of a taxon
in a hypothetic phylogenetic tree or to its geographical distribution. Dubois (2017d) discussed this
matter in detail and showed that the important point here is the presence of this description, definition
or indication in the original publication, not its accuracy or completeness. He also argued that the term
character in this definition designated in fact character states (e.g., eye colour blue), not the characters
by themselves (e.g., eye colour).

In the recent decades, much confusion has been introduced in the taxonomic literature by the
supporters of so-called ‘phylogenetic taxonomies’ like the Phylocode, which in fact are systems mingling
phylogeny, taxonomy and nomenclature. The purposes of these three domains are distinct. That of
phylogeny is to establish the historical kinship between organisms and to formulate hypotheses about
the existence of lineages, that of taxonomy is to classify these organisms into evolutionary meaningful
units, the taxa, and that of nomenclature is to give universal and unambiguous nomina to these taxa.
Although today it is clear to all zoologists that the taxa we recognise should ultimately correspond to
groups considered to be independent lineages, this is not an absolute necessity. In some cases, particularly
at the species level, it may be fully justified to erect a new taxon and to name it on the basis of its fixed
differences in taxonomic characters with all other known taxa, even before its phylogenetic position is
clarified. Species delimitation is a concept different from species relationships. The recent idea that taxa
should not be named until their phylogenetic position is ‘known’ (in fact hypothesised) is misleading
(see in this respect Pall-Gergely 2017 and Dubois 2020c¢).

Dubois (2017d) listed different kinds of taxegnoses (definition of taxon, whether based on characters
or on hypothesised cladistic relationships between taxa) that can be used in taxonomy and nomenclature.
The most often used kinds of taxognoses in Code-compliant nomenclature are idiognoses, called
‘descriptions’ in the Code (taxognosis based on character states that are considered to provide a brief
description or characterisation of a taxon, including both diagnostic character states and character states
shared with other taxa, but without mentioning its comparison with other taxa), diagnoses s.str., called
‘definitions’ in the Code (intensional taxognosis providing character states considered to allow a non-
ambiguous distinction of a taxon from other taxa with which it is compared, irrespective of any cladistic
hypothesis) and apognoses (intensional taxognosis providing a definition of a taxon based on character
states that are considered to be shared by all members of the taxon and absent in all non-members, and
that are considered, on the basis of a cladistic analysis and hypothesis, to be autapomorphic for the
taxon). These three kinds of taxognoses, one of which only refers to a cladistic hypothesis, comply with
the requirement to provide “characters that are purported to differentiate the taxon” for its naming.

On the other hand, coinognoses (extensional taxognoses based directly on hypothesised cladistic
relationships derived from a cladistic analysis), which include the ‘phylogenetic definitions’ of the
Phylocode, and which do not refer to character states, do not provide nomenclatural availability under
the Code. Although this has been pointed out 20 years ago (Dubois 1999), and acknowledged by a
number of taxonomists (Bauer ef al. 2010), this is still not understood by many authors, who continue
to ‘describe’ and name new taxa without stating any diagnostic character of the latter but only referring
to the topology of a molecular tree.

Until recently, there has been a permanent increase in the quality of idiognoses and diagnoses during
the history of taxonomy. Anyone who has worked with the old taxonomic publications of the 18" and
19" centuries knows that many old descriptions were extremely laconic and, in fact, clearly insufficient
to characterise the taxon. However, this did not impede them to make the new nomina nomenclaturally
available under the Code’s Rules, as shown by an example.

The nomen of the European frog species Rana dalmatina was made available through the following
sentence in Bonaparte (1838a) in his account of Rana temporaria Linnaeus, 1758: “La Rana dalmatina,
nuova especie del Fitzinger a noi incognita, seppur non ¢ une gigantesca varieta della presente, la
somiglia moltissimo, secundo lui medesimo, che altra differenza non vi ritrova fuor della statura
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maggiore, ¢ i piedi posteriori proporzionatamente anco piu lunghi.” [The Rana dalmatina, a new
species of Fitzinger unknown to us, even if it is not a gigantic variety of the present species, resembles
it very much, according to himself, which besides its greater size has the rear legs proportionately
quite longer.] According to the Code, this description undoubtedly makes the nomen Rana dalmatina
Fitzinger in Bonaparte, 1838 available. However, it was ignored by Glinther (1859) and Boulenger
(1882b) who used for this species its junior synonym Rana agilis Thomas, 1855. Boulenger (1898:
332) then wrote: “The strict application of the law of priority would require the adoption of this name
in preference to that proposed by Thomas sixteen years later, as the former was accompanied by a
definition (‘Gigantea, pedibus posticis longissimus’), however inadequate, and specimens so labelled
by Fitzinger are preserved in the Vienna Museum. However, this is one of those cases in which, it
appears to me, conservatism is desirable, as the name agilis was the first to appear in connexion with a
proper description, and has been so generally in use within the last half-century. Similar considerations
have guided me in the naming of the two species of the genus Bombinator, and I hope, in the interest
of the stability of nomenclature, they will commend themselves to future workers.” This is an excellent
example of the weakness of the argument of ‘nomenclatural stability’, because more than one century
later, the nomen Rana dalmatina, resurrected by Stejneger (1907: 108), has been used consistently
for this species—and the generic nomen Bombinator Merrem, 1820 is now universally considered an
invalid synonym of Bombina Oken, 1816, and the two species mentioned by Boulenger (1898) are now
known under other epithets.

This example also highlights the fact that nomenclatural availability should not rely on the accuracy
and completeness of the original diagnosis. If we looked at the original ‘definition’ of Rana dalmatina
with the eyes of today, we would say that it cannot allow to distinguish this species, as we now know
several species of Rana that have longer legs than Rana temporaria—and furthermore the latter tends to
be larger than Rana dalmatina in many populations. But at the time of this description, these characters
could be considered sufficient to characterise the new species. Considering today that this diagnosis is
insufficient to “differentiate the taxon” and does not provide nomenclatural availability would not only
challenge again the nomenclatural stability in this group, it would also open the door to many other
similar ‘revisionary’ actions. For the sake of nomenclatural consistency and stability, the availability
of nomina published long ago, or even more recently, with clearly insufficient diagnoses, should not
be challenged. The important point is not the quality of the diagnosis but the fact that a description or
definition was provided, with the intention to allow recognition of the taxon.

Although this is quite clear concerning the ‘historical’ works of early taxonomy, this does not mean
that today we should not require from taxonomists a more ‘serious’ work regarding taxognoses. For the
sake of quality of taxonomic research, the threshold of tolerance for ‘unprofessional” work should be
lowered. In particular, three peculiar situations deserve special consideration: {X1} polythetic diagnoses;
{X2} absence of characters distinguishing the new taxon from the taxa with which it is compared; and
{X3} absence of direct connexion between the taxognosis and the taxon being described.

2.3.4.3.5.1. Polythetic diagnoses

Diagnoses are abstractions based on generalisations derived from several observations. A diagnosis
concerns a taxon, i.e. a concept, not a fact. It is not necessarily associated with a cladistic hypothesis. It
is often based on character states shared by all members of the taxon and absent in the non-members,
but this is not always the case, as polythetic diagnoses (Sneath 1962; Van Regenmortel 2016: 6; see
Figure F2.MPT) are acceptable under some taxonomic paradigms: whereas a monothetic diagnosis
includes a unique combination of character states and relies only on properties that are both necessary
and sufficient for membership in the taxon, a polythetic diagnosis involves a variable, but unique to
the taxon, combination of alternative properties, none of which is necessarily present in every member
of the class. In fact, the Aristotelian requirement for ‘necessary and sufficient’ properties shared by all
members of a taxon refers to an ‘essence’ of the latter, which makes no sense within the framework of
an evolutionary understanding of biodiversity.

A polythetic diagnosis is fully appropriate to make a new nomen available, as it allows to characterise
the taxon. But it does not allow to identify its members, as none of them shares all its character states
with all the other ones. For example, the diagnosis of both taxa AMPHIBIA and SQUAMATA may include
the mention of four chiridian members being present or absent, but combined with other diagnostic
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FIGURE 2.MPT. Monothetic and polythetic classes.

Hypothetic example with 8 individuals (1-8) and 8 properties (A—H). The possession of a property (character state) is
indicated by a plus sign. Individuals 1-2, 3—4 and 1-2—3—4 form three monothetic classes with respectively 3, 3 and 2
properties present in all the members. Individuals 5-8 constitute a polythetic class, each member possessing 3 out of 4
properties with no common property being present in all the members (Van Rijsbergen 1979; Van Regenmortel 2016).

characters in these two taxa. The identification of the members of a taxon may rely on detailed descriptions,
or on non-purely dichotomic identification keys, or better on tables showing the variability within the
taxon of character states for some characters. Although this variability is a source of complexity for the
building of matrices of characters and for phenetic or cladistic analyses, it is a biological reality that
should not be ignored by taxonomists.

From a nomenclatural point of view, it is therefore misleading to require that the diagnosis provided
to make a new nomen available includes only character states shared by all members of the taxon, let
alone synapomorphies of the taxon, as a diagnosis does not need to include cladistic information to
provide nomen availability. But of course, when phylogeny and taxonomy are at stake, more information
1S necessary.

2.3.4.3.5.2. Non-differential diagnoses

As we have seen, the Code allows to make a new nomen available through the publication of a
simple idiognosis, i.e. a description of the taxon or even of a specimen, without comparison with other
taxa. What the formula “purported to differentiate the taxon” means in such cases is that the author of
the nomen thinks that these characters states or their combination are diagnostic of the taxon, i.e. allow
its distinction from all other taxa.

However, as soon as an author provides, instead of an idiognosis, a real diagnosis s.str. of a taxon,
in order to make the new nomen available it is necessary to mention not only characters (e.g., colour or
tympanum) but also character states (colour blue or red, tympanum present or absent, or round or oval),
and that the combination of these character states be unique among the taxa with which the new taxon is
compared. Whenever, considering all the character states cited for a new taxon and for other taxa with
which it is expressly compared in the original publication, the new taxon has a strictly identical list of
characters, there is no “character purported to differentiate the taxon” and the new nomen is unavailable.
Although rare, this situation exists in the literature, as exemplified by the case of the amphibian generic
nomen Paradactylodon Risch, 1987 discussed by Dubois & Raffa€lli (2012: 114) and misunderstood in

NEW LISSAMPHIBIAN CLADONOMY Megataxa 005 (1) © 2021 Magnolia Press « 65



O T 0O 0 O
0O QO 0 Q 0 0O

b

FIGURE 3.NDD. A non-differential diagnosis for a new taxon.

Diagnosis, based on two characters (A-B) and two character states for each (respectively a—b and c—d) proposed by Risch
(1984) for the new salamander genus Paradactylodon, compared with the genera Hynobius, Onychodactylus, Ranodon,
Salamandrella and Batrachuperus.

ASW <2020a> and by Stock et al. (2019). As shown here in Figure F3.NDD, in this case the information
provided does not qualify as a polythetic diagnosis allowing to provide nomenclatural availability to the
new nomen, as the character states mentioned for the new taxon are identical to those mentioned for the
genus Salamandrella.

To evaluate the availability of a new nomen, the diagnosis or ‘definition’ provided for a new taxon
must therefore be compared in detail with those given in the same work for the taxa considered by the
author to be closely related.

There is a case when nomenclatural Rules are not enough to prevent the erection of unwarranted
taxa: it is when the new taxon is referred to a wrong superordinate taxon, e.g. when a purported new
species is placed in a ‘wrong’ genus. In this case, the diagnosis provided for the new taxon may well
be accurate, but, as it is based on misleading comparisons with taxa which are not closely related to it,
this diagnosis is irrelevant, or amounts to a diagnosis of the new taxon relatively to the higher taxon to
which it was wrongly referred. This was a very common situations in the early days of taxonomy, but
it stills occurs from time to time, as shown by the cases of the occidozygine Ingerana charlesdarwini,
described by Das (1998) as a member of the ranid genus Rana (see Dubois et al. 2005, Dinesh et al.
2009), of the discroglossine Paa mokokchungensis, described by Das & Chanda (2000) as a member
of the megophryid genus Scutiger (see Dubois 2002), or of the arthroleptid Arthroleptis nonakoensis,
described by Plath et al. (2006) as a member of the phrynobatrachid genus Phrynobatrachus (see
Frétey 2008). Of course, in such cases, it may appear ‘easy’ to find diagnostic characters for the
‘new species’, but they are often irrelevant and useless to characterise the taxon—so that it is not
surprising that in some such cases the transfer of the taxon to its proper genus results in its immediate
synonymisation, as in the case of the lizard Geophis alasukai Gasc & Rodrigues, 1979, which, once
transferred to the genus Atractus Wagler, 1828, proved to be a mere synonym of A. flammigerus
(Boie, 1827) (see Chippaux 1986).

In such cases the Code is useless to avoid the potential publication of a junior synonym, as formally
the new nomen has been validated by a ‘diagnosis’. This is why the role of competent referees may be
important in taxonomic publications, as they may avoid such failures.

2.3.4.3.5.3. Diagnosis unconnected with new taxon
The last point raised here is a bit subtle to understand. Let us come back to the wording of article

13.1.1, which formulates the main condition for the availability of a new nomen as follows: this nomen
must “be accompanied by a description or definition that states in words characters that are purported
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to differentiate the taxon [stressed by us]”. This means that the diagnosis must concern the new taxon
being described, not its members, whether individuals or subordinate taxa. Thus, when for example a
new genus is erected, the diagnosis provided to make its nomen available should be clearly attached to
this taxon of rank genus, not to one of its included specimens or species, even its nucleospecies (type
species), and even if the latter is the only species referred to this genus in the original description. The
two taxa at stake, the genus and the species, have different taxonominal functions: the first one points
to the need to recognise a taxon of rank genus, which may be sister to one or several other taxa of the
same rank, whereas the second plays the same role at species level.

To the best of our knowledge, this subtlety in the reading of Article 13.1.1 was raised for the first
time, aptly in our opinion, by Arribas (2016) in his discussion of the availability of the lizard generic
nomen Caucasilacerta Harris et al., 1998. It applies also to the ‘Relictus case’, and possibly to other
cases that have not yet been identified. Sa er al. (2018) erected the frog subgenus Relictus for the single
species Chiasmocleis gnoma, without providing a formal diagnosis of it. Dubois et al. (2018: 55-56)
listed a few characters extracted from the original description which could be construed as constituting
a polythetic diagnosis in order to try to ‘save’ this genus-series nomen. But in the original publication
these characters were attached to the species Chiasmocleis gnoma, not to the taxon Relictus, so that the
latter nomen remains unavailable, and with it also its neonym Unicus proposed by Sa et al. (2019a),
who did not seize this opportunity to provide a real diagnosis for this taxon, as suggested by Dubois ef
al. (2018).

2.3.4.3.5.4. Notes for the future

Inthe recent decades, several papers provided recommendations for amodern ‘integrative taxonomy’
and the use of ‘best practices’ in this domain (Dayrat 2005; Padial ez al. 2010; Kaiser et al. 2013; Vences
et al. 2013). However, nomenclature has remained the ‘poor relative’ of this taxonomic ‘revolution’.
We think that this should change, and that taxonomists should pay more attention to ‘nomenclatural
accuracy’ (Dubois 2017¢) in their works, particularly in their descriptions of new taxa (Dubois ef al.
2018).

In particular, we think it is intolerable that, at the beginning of the 21™ century, be still published
descriptions of new taxa missing formal diagnoses or idiognoses, or other basic elements allowing
to ascertain the nomenclatural status of the new nomina, including the actual publication date of the
final version of a work in case of electronic publication, compelling subsequent workers to carry out
heavy inquiries to obtain this information. We suggest the Code should be improved in adding, after a
starting date still to be defined, several requirements acting as ‘barriers’ (as defined above) and being
indispensable for the nomenclatural availability of any new nomen: {Y 1} a formal idiognosis, diagnosis
or apognosis, identified as such in a special paragraph; {Y2} a precise onymotope (‘type locality’)
for any new species-series taxon; {Y3} collection numbers for onymophoronts of species-series taxa;
{Y4} the etymology of the new nomen, including its mode of derivation (according to Article 31.1.1 or
31.1.2) in case of species-series taxon dedicated to a person; {Y5} basic grammatical information on
the nomen, such as the grammatical gender and the stem for a genus-series nomen, or the grammatical
status as adjective, participle or noun in apposition for a species-series epithet. We applied these
recommendations in the taxonomic part of the present work for all the new nomina introduced here.

2.3.4.4. Conclusion

Throughout the present work, we followed the Rules and Criteria presented above to establish the
status regarding availability of all the nomina of the genus-, family- and class-series nomina of recent
amphibians ever published. Most of these Rules are those of the Code, but when the latter does not
provide Rules (concerning class-series nomina) or in a few cases when the Rules of the Code appear to
us as grossly inappropriate (e.g., for the distinction between autoneonyms and apographs), we followed
consistently the Criteria presented above.
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2.3.5. Categories of usage of nomina

As discussed by Dubois (2010a), the Code makes numerous references to the concept of ‘usage’
or ‘prevailing usage’ but does not provide a general operational definition of these terms, which are
defined differently in different parts of the text (e.g. in Article 23.9 and in the Glossary). In the present
work, in the three nominal-series covered by the Code, we had to follow these imprecise Rules and
we did this as much as possible. But for class-series nomina, for which the Code does not provide
Rules or Recommendations, we adopted the precise categories of usage defined by Dubois (20064,
2010a), limiting ourselves to the three main ones, as implemented in DONS (Dubois & Raffaélli
2012; Dubois 2015¢), as follows:

{Z1} A sozonym is a CS nomen that has had since a given date a real massive usage in the scientific
literature at large, i.e., not limited to the specialised taxonomic literature, to designate a given taxon,
whereas no other nomen has been used significantly for the same taxon or closely related taxa after
that date. The quantitative requirements adopted here, following Dubois (2016), are: {Zla} for the
landmark starting date, 31 December 1899; {Z1b} for the definition of real massive usage, the presence
of the nomen in the titles of at least 100 scientific publications.

{Z2} A sozodiaphonym is a CS nomen that has also had such a large usage in the scientific literature
at large, but alternatively to another competing nomen or several other nomina which also had a large
usage for the same taxon.

{Z3} A distagmonym is a CS nomen that has not had such a large usage in the scientific literature.

The term sozonmymorphs designates both sozonyms and sozodiaphonyms, as opposed to
distagmonyms.

As we will see below, these terms and definitions will be useful both for the taxonomic allocation
of CS nomina and for their taxonomic validity.

2.3.6. Taxonomic allocation of nomina

The LSNS is a theory-free ostensional nomenclatural system in which the allocation of nomina
to taxa is made through enomatophores (Simpson 1940), i.e., through the objective link established
between specimens and nomina, not subjectively through verbal definitions of taxa. We here use the
verb fo anchor to designate the nomenclatural act of designation of an onomatophore for a taxon and the
noun anchorage to designate the result of this act. Species-series nomina are connected to taxa through
nomen-bearing ‘type specimens’ (onymophoronts), genus-series nomina are so through nomen-bearing
‘type-species’ (nucleospecies) and family-series nomina are so through nomen-bearing ‘type-genera’
(nucleogenera) (for details and terminology see Dubois 20055, 2011a). Concerning class-series nomina,
the Code does not give any clue for their taxonomic allocation. Let us therefore consider separately the
situation in the FS and in the CS.

2.3.6.1. Family-series nomina

Whereas in the SS and GS the designation of onomatophores may be done by several procedures
and is sometimes quite complex, in the FS this designation is straightforward because available FS
nomina are based on the stems of GS nomina (the ‘stem’ being sometimes the entire nomen itself; see
Article 29), which are therefore automatically their onomatophores.

Until 2000, the identification of the nucleogenera of FS nomina did not have to be expressly stated in
the original publication, as it could usually be easily deduced from the similarity between the FS nomen
and the stem of one of its included genera. This kind of indication (according to the Code) was called
implicit etymological designation (Dubois 1984b). However, in a few cases, a doubt was possible when
the nomina of two genera included in a new FS taxon had the same stem, so that in the current version
of the Code, to be valid the designation must be explicit, and if this designation is missing the nomen is
not available, as stated in Criterion (Av-33) in Table T4.AVN.

Family-series nomina which are not based on the stems of available nomina of included genera
considered valid are nomenclaturally unavailable and therefore cannot be valid. However, it may be
useful to allocate each of these nomina to a given synonymy, as anyone finding one of these nomina in
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the literature or in databases may wish to know to which taxon it applies. Given the fact that, under the
Code, nomina are allocated to taxa through their onomatophore, this allocation requires the designation
of a nucleogenus for any such FS anoplonym. This is similar to the designation of nucleospecies for GS
anoplonyms, which was implemented for example by Dubois & Raffaélli (2009) in salamanders. There
is nothing in the Code that forbids to do so. In the case of FS anoplonyms, there are three situations.
In the first one {al}, the nomen of the FS anoplonym is clearly a rhizonym based on the stem of an
available genus nomen of the taxonomic group concerned: we consider this as a nucleogenus designation
by implicit etymological designation, just like for hoplonyms. In the second situation {a2}, the FS
anoplonym is an arhizonym, but one or several generic nomina were allocated to the taxon in the original
work (situation of original symphory): in such cases one of them has to be chosen and designated
as nucleogenus, except when a single genus nomen was mentioned, which is therefore nucleogenus
by original monophory. In the third situation {a3}, no available genus-series nomen was explicitly
associated with the new FS anoplonym in the original publication (situation of original aphory): in such
cases a nucleogenus should be designated in order to fit with the taxon that appears to have corresponded
to the taxon intended by the new unavailable nomen. The nucleogenera hereby established or designated
for FS nomina are shown in Appendix A6.NFS below.

2.3.6.2. Class-series nomina

As explained by Dubois & Ohler (2019), in the absence of Rules in the Code for the allocation of CS
nomina to taxa, any taxonomist who wishes to use such nomina has to adopt a system for this purpose,
and none of such systems can be claimed to be more ‘Code-compliant’ than any other. However, for
such a system to be ‘Code-compatible’, it should follow some of the basic characteristics of the Code:
regarding CS nomina, their taxonomic allocation should be done through an ostensional system using
onomatophores, not through a system of verbal definitions, be them ‘phylogenetic’ or not.

In this work, we used the Duplostensional Nomenclatural System (DONS) as described in Dubois
(2015¢, 2016), which is derived through simplification from the Ambiostensional Nomenclatural
System (AONS) initially proposed by Dubois (2006a). We refer to the works of Dubois (2006¢, 20074,
2011a, 2015¢, 2016, 2020a; Dubois & Raftaélli 2012) for detailed explanations of the rationale of this
nomenclatural system, which are not repeated here. An important difference between this system and
the system of the Code in the three lowest nominal-series is that this system is monosemic, i.e., it does
not use a Principle of Coordination: therefore, in a given ergotaxonomy a given CS nomen can apply
only to a single taxon, not to a set of coordinated nomina.

Allocation of CS nomina to taxa under the DONS Rules is simple and straightforward. It depends
however on the category of usage to which the nomen is referred. According to this category of usage,
a different nomenclatural subsystem of DONS will be used for the taxonomic allocation of the CS
nomen.

{bl} Metrostensional Nomenclatural Subsystem (MONS). If the CS nomen is a distagmonym, its
taxonomic allocation relies solely on its onomatophore, i.e. on the list of its conucleogenera (or on its
single uninucleogenus), i.c., all the available nominal genus-series nomina originally and unambiguously
referred as valid to the taxon for which the CS nomen was proposed. This list is an indissoluble set
of available nomina which act altogether as the onomatophore of the CS nomen at stake. Then, within
any ergotaxonomy adopted as valid, this nomen is a nesonym, which applies to the metronym, i.e. the
least inclusive CS taxon which contains all these nucleogenera (the metrotaxon of the nomen in this
ergotaxonomy). This provides an unambiguous allocation of the nomen to a single CS taxon in the
ergotaxonomy adopted.

{b2} Orostensional Nomenclatural Subsystem (OONS).1ftheCSnomenisasozonymorph(sozonym
or sozodiaphonym), its taxonomic allocation is made through a combination of its onomatophore and
its onomatostasis, which provides the external limits of the taxon. The onomatostasis of a CS nomen
consists in the list of its alienogenera, i.e., the indissoluble set of available generic nomina originally
explicitly listed as valid but as non-members of the taxon. Then, within any ergotaxonomy adopted as
valid, this nomen is a choronym, which applies to the oronym, i.e. the most inclusive CS taxon which
contains all its nucleogenera and excludes all its coalienogenera (the orotaxon of the nomen in the
ergotaxonomy adopted as valid). This also provides an unambiguous allocation of the nomen to a single
CS taxon in the ergotaxonomy adopted.
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Three particular cases must be considered separately. More details on these situations were given in
Dubois (2015¢: 37-42).

{b3} In some rather rare cases, a new CS nomen, either sozonymorph or distagmonym, is proposed
for a taxon that is defined or diagnosed, which makes the nomen available, but to which no genus
is referred. In such cases, just like for SS and GS nomina that happen to be in the same situation of
original aphory (absence of onomatophore), the first subsequent author who listed nominal genera as
included in the CS taxon fixed the nucleogenera (and if available the alienogenera) of the nomen by
subsequent designation (for more details see Dubois 2006¢). In the present work, we did several such
designations The nucleogenera and alienogenera hereby established or designated for FS nomina are
shown in Appendix A7.NCS below.

{b4} In the rare cases where a CS nomen has only original or subsequent conucleogenera (or
a single uninucleogenus) but no original alienogenus, it also only has a metronym and cannot have
an oronym, but in this case this is because of incompleteness of information, not of overlap between
taxa. Such a CS nomen is an ellitonym and it must be treated as a metronym: it can be taxonomically
allocated only through its metrotaxon. This can be formulated differently in stating that in this case its
metronym is also its oronym in the ergotaxonomy adopted.

{b5} In the (rather frequent) cases where some (or even a single one) of the original alienogenera
are/is now included in the metrotaxon of a CS sozonymorph, the latter, although available, cannot be
valid in this ergotaxonomy. It is then a gephyronym, a particular case of anaptonym, i.e., a nomen that
cannot be allocated to a taxon and therefore cannot be valid.

In practice, for sozonymorphs, it is not necessary to look for the taxonomic allocation of all the
alienogenera of a choronym to determine the extension of the taxon it designates. It is enough to find the
(phylogenetically) ‘closest’ alienogenera that will allow to ascertain the external limits of the taxon and
therefore identify the taxon to which the CS nomen under consideration applies in the ergotaxonomy
chosen. These immediate ‘neighbours’ are the getextragenera of the CS nomen and they are sufficient
to allocate unambiguously the CS nomen to a taxon. A single getextragenus is enough for this
purpose. This has important ergonomic advantages as long as the analysis is done ‘by hand’ and is not
computerised, because it is not necessary to ascertain the taxonomic allocation of all the alienogenera,
including those that are clearly ‘remote’ from the orotaxon but may belong in taxonomic groups with
which the taxonomist doing the nomenclatural analysis is not well acquainted. Of course, it would not
be the case if all zoological nomina were taxonomically allocated, but this is far from being the case,
as it is easy to check by looking at any large and ‘comprehensive’ database. Even among the nomina of
Linnaeus (1758a), a few are still taxonomically unallocated or only at very high taxonomic levels.

The OONS system for sozonymorphs has two main advantages: {cl} it allows to validate the
sozonym or sozodiaphonym for a taxon identical or very close to that recognised under this nomen in the
literature; {c2} but it also allows to expand the content of the taxon to include more basal taxa recently
discovered (often as fossils) without having to coin a new nomen for the taxon including the traditional
taxon but also the more basal taxon (‘stem-’ or ‘pan-’taxon). Finally, this system is liable to be entirely
computerised, so that in the future all the rather complex and tedious verifications and actions described
above can be automatised, which will avoid the mistakes that no rarely occur when the analysis is carried
out ‘by hand’.

2.3.7. Validity and correctness of nomina
2.3.7.1. Introduction

The final aim of the nomenclatural work is to establish unambiguously the valid nomen which must
be used by all biologists worldwide for a given taxon under a given classification and its correct spelling.
In order to be potentially valid, a nomen must have gone through the first two stages of the nomenclatural
process: it must be available (promulgated) and anchored (it must have an onomatophore).

The ‘ideal’ situation in zoological nomenclature is that where a single available nomen was
proposed, during the whole history of zoological taxonomy, for a taxon now recognised as valid in an
ergotaxonomy. Unfortunately, this situation is not general, and various problems of nomenclatural
conflict are observed in most genuine situations. These conflicts can occur between nomina, between
spellings of nomina or between onomatergies (nomenclatural acts). Dubois (2013) surveyed these
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situations of conflict which he termed zygoidy. We here refer to this work for details and explanations.
Below, we summarise the Principles (including some ‘untold’ ones which were first described and
named by Dubois in 2013 and later adopted among the LZP), Rules, Criteria and ‘codified exceptions’
which, according to the Code, allow the resolution of the conflicts of zygoidy in the SS, GS and GS, as
well as those used here under the DONS Ceriteria in the CS.

2.3.7.2. Priority

The Principle of Priority is explicitly mentioned in Article 23 of the Code. It is by far the most often
used system of resolution of zygoidy whenever the two competing items were published at different
dates. According to this Principle, in any situation of allochronous zygoidy and in the three nominal-
series recognised and covered by the Code, the first published zygonym (competing homonym or
synonym), zygograph (competing parograph) or zygonomatergy (competing nomenclatural act) has
precedence, except if the Principle of Nomography or the Principle of Archoidy applies. The same
Principle with its limitations is recognised in the CS according to DONS, except that here the Principle
of Sozoidy may also prevail over the Principle of Priority.

Two particular cases regarding Priority must be pointed out in the family-series: those covered by
Articles 35.4.1 and 40.2 of the Code. In a few special cases, the valid nomen of a FS taxon is not the oldest
one but a more recent one. In order to indicate such exceptions, such nomina bear ‘double auctorships’,
one being that of the earliest published nomen and the other one the nomen validated through the relevant
Article. This question was treated in detail by Dubois (2015a) and we refer to this work for details. In the
present work, we used the following presentations for such nomina: {d1} LeEprobAacTYLIDAE ||Tschudi,
1838||-Werner, 1896 for nomina validated through Article 35.4.1; and {d2} MEGoPHRYIDAE Bonaparte,
1850-|Noble, 1931| for nomina validated through Article 40.2.

2.3.7.3. Airesy (first reviser)

The Principle of Airesy is explicitly mentioned in Article 24.2.1 of the Code as the ‘Principle of
the First Reviser’, a needless cumbersome formulation as the Code does not recognise any ‘second’ or
subsequent revisers. It states that in any situation of synchronous zygoidy and in the three nominal-
series covered by the Code, precedence among zygoids (zygonyms, zygographs or zygonomatergies)
is fixed by the action of the arbiter (‘first reviser’) publishing an explicit airesy (‘first reviser action’)
of seniorisation removing this ambiguity. DONS also recognises this Principle in the CS. Such airesies
are definitive and irreversible by subsequent actions of individual zoologists. They may however be
superseded by the Principles of Proedry and the Principle of Archoidy, and in the CS according to
DONS by the Principle of Sozoidy.

Three distinct categories of Airesies can be distinguished in the three nominal-series covered by the
Code:

{el} External Airesy (ETA): explicit Airesy made by the arbiter who mentioned both competing
synchronous nomina, spellings or onomatergies and expressly chose one as valid (Article 24.2.3). This
kind of Airesy is also recognised in the CS according to DONS.

{e2} Explicit Internal Airesy (EPITA): same as ETA, but made by the original auctor(s) and
concerning only competing synchronous spellings published in the same original work (Article 24.2.4).
This kind of Airesy is also recognised in the CS according to DONS.

{e3} Implicit Internal Airesy (IPITA): implicit Airesy made by the original auctor(s) of competing
synchronous spellings published in the same original work, through mentioning only one of them in a
subsequent publication (Article 24.2.4). This kind of Airesy does not concern nomina or onomatergies,
and is not implemented in the CS according to DONS (in this respect see Dubois 2010a: 14—18).

2.3.7.4. Proedry (rank precedence)

In the three nominal-series covered by the Code, whenever zygonyms are introduced simultaneously,
but proposed at different ranks within their nominal-series, the nomen proposed at higher rank has
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precedence (Articles 24.1, 55.5,56.3,57.7). The same applies to the cases of simultaneous onomatophore
fixations for a nominal taxon (situation of zygophory): the fixation for the taxon at higher rank takes
precedence (Article 61.2.1).

The Code just mentions these Rules in the Articles cited above, but does not recognise a special
Principle for these onomatergies. Dubois (2013) proposed to recognise it as the Principle of Proedry,
which was adopted among the LZP (Dubois & Aescht 20197; Dubois et al. 2019) where it also applies
to CS nomina.

2.3.7.5. Eugraphy

In the three nominal-series covered by the Code, the correct spelling (eugraph) of a given nomen in
a given ergotaxonomy may be different from its original spelling (protograph or lectoprotograph) when
this nomen is a nomograph and requires either mandatory spelling correction (justified emendation or
eunomograph) of an inadvertent spelling error (Articles 32.2.2, 32.5.1, 33.2.2), or mandatory ending
correction (mandatory change or legonomograph) in the case of a species-series nomen (to comply with
agreement in grammatical gender with the generic nomen) (Articles 31.2, 34.2) or of a family-series
nomen (to comply with the mandatory spellings indicating the rank of some family-series nomina)
(Articles 29.2, 34.1). The protograph of a nomen must also be modified when this follows a decision
of the Commission under the Plenary Power (archograph). The Code just mentions these Rules in the
Articles cited above, but does not recognise a special Principle for these onomatergies. Dubois (2013)
proposed to recognise it as the Principle of Nomography, which was adopted by the LZC (Dubois &
Aescht 20190, Dubois et al. 2019).

These Rules apply in the three nominal-series covered by the Code, the SS, GS and FS, but they
cannot apply directly in the class-series, so that Criteria for fixing the correct spelling (legethograph) of
these nomina had to be devised (Dubois 2015¢; Dubois & Frétey 2020a). For the spelling of the stems
of the nomina, the Code’s Rules concerning the mandatory spelling correction are appropriate, but the
Rules concerning their endings cannot be used, especially in the cases of panrhizonyms, i.e., class-series
nomina based of the stems of other nomina.

Alonso-Zarazaga (2005) proposed that all nomina above the rank superfamily be referred to a single
‘upper uninominal group’, including also the ‘family-subgroup’, and be based on the stems of genus-series
nomina, combined with endings derived from the words zoo (for the ‘phylum-subgroup’), morph (for the
‘class-subgroup’) and form (for the ‘order-subgroup’). Dubois (2006¢) provided a detailed criticism and
rebuttal of this proposal which does not need to be repeated here. Adopting it would entail gigantic and
catastrophic changes in the higher nomenclature of animals, for no benefits in counterpart. Currently,
panrhizonyms are used in the class-series nomenclature of only a small proportion of the zoological
groups. This can be ascertained for example by simply looking at the two volumes of review of the higher
taxonomy of animals published by Zhang (2011a, 2013a): of the 49 groups surveyed in these volumes,
only 18 used panrhizonyms to name a few of their higher taxa (see Table T9.ENZ). As for the endings used
for these nomina, three were based on form, seven on morph and one on zoo, but there was no correlation
between the use of a given ending and the rank of the taxon. For example, the ending -OMORPHA was
used in 11 works, but for the following ranks or pseudoranks: ‘phylum’ (in a pseudoranked nomenclatural
system), phylum, subphylum, class, subclass, superorder, order, suborder and infraorder. For the class-
series ranks and below, the most used of these endings in these works based on form and morph are,
respectively, -IFORMES and -IFORMIA, and -OMORPHA and -OMORPHI. Various other endings, not based on
these terms and simpler (one to five letters), have been used for class-series nomina in these works: some
(e.g. -OIDEA, -INA or -INI) are identical to endings imposed by the Code in the family-series, or acceptable
in this nominal-series (e.g. -OIDEI, -OIDES or -IDEI), and are therefore liable to cause confusion, whereas
others (e.g. -ACEA or -ACEI) are less prone to ambiguity.

Dubois (2015c¢) proposed a different system, in which the endings of the panrhizonyms are not
supposed to reflect their rank but their category of panrhizonymy, according to a set of Criteria detailed
in Table TS.RHI. Considering the facts above, he chose the following standard endings for the four
categories of panrhizonyms that he distinguished: -ACEA for rhizonyms, -ACE1 for cenorhizonyms, -
IFORMIA and -OMORPHA for auxorhizonyms, and -IFORMES and -OMORPHI for xenorhizonyms. These
endings replace the original endings with minimal perturbation. Dubois & Frétey (2020a) distinguished
the category of quasirhizonyms and proposed for it the standard endings -IFORMES and -OMORPHES.
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TABLE 10.ENL. Endings used in the protographs of panrhizonyms of class-series nomina of

LissaAMPHIBIA in the literature according to Appendix A7.NCS.
The lines provide the original endings of the protographs of these 105 nomina, and the columns their standard endings
following the system proposed by Dubois (2015¢) and Dubois & Frétey (2020a).

Original ending Rhizonyms Cenorhizonyms Auxorhizonyms Xenorhizonyms Quasirhizonyms
—ACEA —ACEI ~IFORMIA —IFORMI —IFORMES
—OMORPHA —OMORPHI —OMORPHES

o

-A (1)

—ACEA (4)

—AE (5)
—AEFORMES (1)
—AEFORMIA (1)
—AEMORPHA (1)
—DES (1)

—EA (1)

—ES (4)

-1A (2)

—IDA (5)

—IDEI (2)
—IFORMES (10)
—IFORMIA (11)
—INA (2)

-1 (1)
—OIDEA (32)
—OIDEI (5)
—OIDES (1)
—OMORPHA (15) 0
Total (105) 63
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For xenorhizonyms based on -form, they proposed the ending -irormi. Tables T10.ENL and T11.LEG
present information on the original endings of all the panrhizonyms so far published for LiSSAMPHIBIA
(listed in Appendix A7.NCS). Among these 105 nomina of LissAMPHIBIA listed in this Table, 23 had
original endings based on the term form, 16 had endings based on morph and 66 had ‘simple’ endings like
-OIDEA, -OIDEL -IDA or -AE. Only two of these 105 nomina (HEMIPHRACTIFORMIA and RANOMORPHA)
are used as valid in the taxonomy of LissamPHIBIA adopted here (Appendices A9.CLAD-1 to A12.
CLAD-4).

For sake of completeness, the term khoristarhizonym (distinct from khoristorhizonym as defined by
Dubois & Frétey 2020a) is here proposed for arhizonyms ending in form or morph. To avoid confusion
with panrhizonyms, the endings -IFORMIES and -OMORPHIES are here proposed for such CS nomina.

2.3.7.6. Reversal of precedence
In the Code, several exceptions to the Principles of Priority and ‘first reviser’ are allowed in the
species-, genus- and family-series, in 9 situations involving so-called ‘prevailing usage’. However, as

discussed by Dubois (2010a: 13—14, 2017b: 24) and Lobl (2015), this formula is used inconsistently in
the Code.

2.3.7.6.1. Article 23.9

Article 23.9 on ‘reversal of precedence’ allows in certain conditions to protect ‘prevailing usage’
through validation of a momen protectum (protected nomen) against a nomen oblitum (forgotten
nomen) that would have precedence over the former according to the Code. The conditions for such an
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onomatergy are that the former nomen must have been used by at least 10 authors in 25 works published
during at least 10 years in the immediately preceding 50 years, whereas the latter has never been used as
valid after 1899. In this Article, the expression ‘prevailing usage’ is given a precise definition which,
although it raises several problems (see Ohler & Dubois 2018 and Dubois & Ohler 2018), is operational.
This Article results in validating some junior zygonyms against Priority. It applies only to the three
nominal-series covered by the Code. In the CS, it would correspond partially to the Principle of Sozoidy
discussed below.

2.3.7.6.2. Other Articles resulting in reversal of precedence

However, in the ‘Glossary’ of the Code (which fails to mention the formula ‘reversal of
precedence’), ‘prevailing usage’ of a nomen is defined differently, as the usage “which is adopted by at
least a substantial majority of the most recent authors concerned with the relevant taxon, irrespective of
how long ago their work was published”. This vague definition is based on undefined terms. When is a
majority ‘substantial’? How is ‘most recent’ defined? Who are the authors ‘concerned with the relevant
taxon’? This definition is therefore not operational and the mention of the formula ‘prevailing usage’ in
some Articles of the Code is confusing. The 8 following Articles, which apply only in the three nominal-
series covered by the Code, are concerned by such exceptions:

{f1} Article 23.12 reads: “A name that was rejected between 6 November 1961 and 1 January 1973,
by an author who explicitly applied Article 23b in force between those dates under the then current
editions of the Code, on the grounds that it was a nomen oblitum (...) is not to be given precedence over
a junior synonym in prevailing usage, unless the Commission rules that the older but rejected name is
to take precedence”. This Article results in validating some junior synonyms against Priority.

{f2} Article 29.5 reads: “If a spelling of a family-group name was not formed in accordance
with Article 29.3 but is in prevailing usage, that spelling must be maintained, whether or not it is the
original spelling”. This Article results in validating some family-series apographs against Priority and
Nomography.

{f3} Article 33.2.3.1 reads: “when an unjustified emendation is in prevailing usage and is attributed
to the original author and date it is deemed to be a justified emendation”. This Article results in
transforming some autoneonyms into apographs and in validating the latter against Priority.

{f4} Article 33.3.1 reads: “when an incorrect subsequent spelling is in prevailing usage and is
attributed to the publication of the original spelling, the subsequent spelling and attribution are to be
preserved and the spelling is deemed to be a correct original spelling”. This Article results in validating
some apographs against Priority.

{f5} Article 35.4.1 reads: “A family-group name based upon an unjustified emendation (...) or
an incorrect spelling of the name of the type genus must be corrected, unless it is preserved under
Article 29.5 or unless the spelling of the genus-group name used to form the family-group name is
preserved under Articles 33.2.3.1 or 33.3.1”. This Article results in transforming some family-series
autoneonyms into apographs and in validating the latter against Priority, and in validating some family-
series apographs against Priority and Nomography.

{f6} Article 35.5 reads: “If after 1999 a name in use for a family-group taxon (...) is found to be
older than a name in prevailing usage for a taxon at higher rank in the same family-group taxon [which
could be stated more briefly: “than a superordinate name in prevailing usage ], the older name is not
to displace the younger name”. This Article results in validating some family-series junior synonyms
against Priority.

{f7} Article 40.2 reads: “If (...) a family-group name was replaced before 1961 because of the
synonymy of the type genus, the substitute name is to be maintained if is in prevailing usage”. This
Article results in validating some family-series junior synonyms against Priority.

{f8} Article 59.3 reads: “A junior secondary homonym replaced before 1961 is permanently invalid
unless the substitute name is not in use and the relevant taxa are no longer considered congeneric (...)".
This Article results in validating some species-series junior nomina against Priority.

All these Articles of the Code present in fact ‘codified exceptions’ that do not correspond to a
Principle. They rely on a vague concept of ‘usage’ which is highly questionable in a text which is
supposed to play a regulatory role in millions of scientific publications (Dubois 2010b—c). This is why
Dubois (2005b) proposed to replace this ambiguous and undefined concept by well-defined categories
of usage on the basis of which he proposed to implement a new nomenclatural Principle, the Principle of
Sozoidy (Dubois 2013).
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TABLE 11.LEG. Legethographs (Latin standard endings or full spellings) adopted here for the class-

series nomina of LISSAMPHIBIA.

Column 1: Categories of CS nomina regarding rhizonymy (see Table T5.RHI). Column 2: Standard Latin ending, full

spelling or both adopted here for nomina of this category (see text for explanations). Column 3: Original ending, full
spelling or both used for this nomen in the literature (see Appendix A6.NFS), which should be replaced by the ending
or spelling in column 2; —xxx, standard spelling of ending adopted here; YYy, standard spelling of full nomen adopted
here; +zzz, standard spelling of either full nomen or ending adopted here. The numbers given after the nomina are those
of the latter bearing this ending in the category, with the following distinctions: [ ], number of nomina that had originally
this ending; ( ), number of nomina the original ending of which had to be corrected; | |, number of nomina established as
new in the present work; { }, total number of nomina of this category. A, Arhizonyms: Latin standard ending consistent
with usage in other zoological class-series nomina based on the same final stem. C, Cenorhizonyms: Latin standard
ending in —ACEI, avoiding confusion with FS nomina with standard FS endings in —IDAE, —INAE, —INA, —INI and —OIDEA.
P, Pararhizonyms: Latin standard ending in —ACEAE, avoiding confusion with FS nomina with standard FS endings
in —IDAE, —INAE, —INA, —INI and —oIDEA. Q, Quasirhizonyms: Latin standard ending in -IFORMES or —OMORPHES. R,
Rhizonyms: Latin standard ending in —ACEA, avoiding confusion with FS nomina with standard FS endings in —1p4E, —
INAE, —INA, —INI and —oIDEA. U, Auxorhizonyms: Latin standard ending in -IFORMIA or —-OMORPHA. X, Xenorhizonyms:
Latin standard ending in -IFORMI or —-OMORPHI.

Category of nomen Spelling of word or standard ending adopted here Original spellings or endings
regarding rhizonymy that had to be corrected
A {2} —ALIA [2] -
A {10} +AMPHIBIA [7] + (3) AMPHIBIENS (1)

AMPHIBIES (1)

AMPHYBIENS (1)

A {2} —BATAE [2] -
A {32} +BATRACHIA [15] + (17) —BATRACHI (8)
BATRACHIER (1)
BATRACHOIDEA (2)
BATRACHOIDEI (1)
BATRACIENS (5)
A {28} —BRANCHIA [14] + (14) —BRANCHES (5)
—BRANCHI (2)
—BRANCHIALES (1)
—BRANCHIATA (5)
—BRANCHIENS (1)
A {2} BRANCHIATA [2] _
A {18} +CAUDATA [11]+(7) —CAUDATAE (1)
“+CAUDATI (4)
—CAUDES (2)
A {1} —CERA [1] -
A {1} —CERCI [1] -
A{l} CERrcorPI [1] -
A {1} —CHELATA [1] -
A {24} —COELA [20] + (4) —COELI (2)
—COELIDAE (2)
A {3} +COSTATA [1] + (2) +COSTATI (2)
A {7} —DACTYLA [2] + (5) —DACTYLES (2)
—DACTYLI (2)
—DACTYLIA (1)
A {5} —DELA [4]+ (1) —DELES (1)
A {4} +DENTATA [4] _
A {7} —DERA [2] + (5) —DERES (5)
A {3} —DERMA [3] _
A {1} —DYTAE [1] -
A {3} —ECHMIA [3] _
A {10} —ENTIA [10] -

...Continued on the next page
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TABLE 11. (Continued)

Category of nomen

regarding rhizonymy

Spelling of word or standard ending adopted here Original spellings or endings

that had to be corrected

A {3} —FERA [1]+(2) —FERES (1)
—FERI (1)
A {5} —GLENA [2] + (3) —GLENIDES (3)
A {12} —GLOSSA [6] + (6) —GLOSSAE (2)
—GLOSSES (2)
—GLOSSI (2)
A {5} —GYRINIA (5) —GYRINIDAE (3)
—GYRINIDES (2)
A {7} +ICHTHYODI [1] + (6) —ICHTHYENS (1)
ICHTHYOIDEA (2)
—ICHTHYI (1)
ICHTYOIDA (1)
ICTYOIDES (1)
A {2} LINGUATA [2] -
A {3} MEANTES [2] + (1) MEANTIA (1)
A {4} —MELA (4) —MELES (4)
A {8} —MOLGAE [5] + (3) —MOLGAEI (3)
A {5} +MUTABILIA [5] -
A {2} —NECTAE [2] -
A {4} —NUDA [3] + (1) —NuDSs (1)
A {2} —ONYXIA [2] -
A {8} —OPHIONA (7) + 1] —OPHIA (1)
—OPHIDES (3)
—OPHIDIA (1)
—OPHILIA (1)
—OPHYDIENS (1)
A {2} —PARES [2] -
A {1} PAROTOIDIA [1] -
A {1} PEDATA [1] -
A {1} —PHARA [1] -
A {2} —PHILI [2] -
A {2} —PHORA [1]+ (1) —PHORI (1)
A {2} +PHRYNIA [2] -
A {2} —PLEURAE [2] -
A {4} —PNEUMA [1] + (3) —PNEUMENA (3)
A {1} —PNEUSTA (1) —PNEUSTA (1)
A {5} —PNOA [5] -
A {5} —PODA [5] -
A {2} +PULMONATA (2) —PULMONADOS (1)
PULMONES (1)
A {1} —ROSA [1] -
A {2} —SACRALIA [2] -
A {2} —SALAMANDRAE [2] -
A {4} —SAURIA [3] + (1) —SAURIENS (1)
A {1} —SCOLECODES [1] _
A {2} —SIPHONA [2] _
A {1} —somMa (1) —SOMES (1)
A {7} —STERNIA [7] -
A {1} —STOMATA [1] -
A {3} —TARSATA (3) —TARSIDEN (3)
A {1} —TREMATA [1] -
A {1} —TRETA [1] -

...Continued on the next page
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TABLE 11. (Continued)

Category of nomen Spelling of word or standard ending adopted here Original spellings or endings
regarding rhizonymy that had to be corrected
A {23} —URA [9]+(5) + 19| —OURA (2)
—OURES (1)
—URES (2)
A {1} VERTEBRATA [1] -
Total A {315}
R {63} —ACEA [4] +(59) —A (1)
—AE (4)
—-DES (1)
—Es (4)
-1A (2)
—1DA (5)
—IDEI (2)
—INA (2)
—OIDEA (32)
—OIDEI (5)
—OIDES (1)
Total R {63}
C {2} —ACEI (2) —AE (1)
—n1 (1)
P {1} —ACEAE (1) —AE (1)
Total C + P {3}
U {17} —IFORMIA [6] + (11) —AEFORMES (1)

—AEFORMIA (1)

—IFORMES (9)
U {8} —OMORPHA [7] + (1) —AEMORPHA (1)
Total U {25}
X {4} —IFORMI [1] + (3) —IFORMIA (3)
X {0} —OMORPHI {0} -
Total X {4}
Q {2} —IFORMES (2) —IFORMIA (2)
Q {8} —OMORPHES (8) —OMORPHA (8)
Total Q {10}
TOTAL {420}

2.3.7.7. Sozoidy

So far, the Principle of Sozoidy is not part of the Code and cannot be applied to the nomenclature
of the three nominal-series covered by the Code. However, as the Code does not provide any clue for
establishing the validity of class-series nomina, for these nomina any zoologist is entitled to use for this
purpose the Criteria or conventions that he/she considers the best, provided he/she justifies this choice
(Dubois & Ohler 2019; Dubois et al. 2019). In this respect, in the present work we follow the DONS
Criteria (Dubois 2015¢, 2016). These Criteria might also apply later in the other three nominal-series if
the LZP (Dubois et al. 2019) were adopted, but we refrained from doing this here. They consist in three
points:

{gl} Among two or more zygonyms, whenever one qualifies as a sozonym, 1.e., has been used since
1900 either universally (symphonym) or significantly whereas none of its zygonyms has been used so for
the same taxon or closely related taxa (paneurydiaphonym), it must be given precedence for validity (if
not invalid for another reason) over its senior or seniorised zygonym(s). The same applies {gla} to two or
more gygographs if one of them qualifies as a sozograph, i.e., complies with the same Criteria, or {glb} to
two or more onomatergies if one of them qualifies as a sozairetophory, i.e. results in the validation of an
airetophory.
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{g2} Nomina and spellings that are neither sozonyms nor sozographs can be either {g2a}
sozodiaphonyms or sozodiaphographs (nomina or spellings that have also been used significantly in
the non-systematic literature but alternatively to other nomina which have also had such a large usage)
or {g2b} distagmonyms or distagmographs (nomina or spellings that have not been used significantly
in the non-systematic literature). If no sozonyms or sozographs are available, the normal Principles of
precedence of the Code (Priority, Airesy, etc.) apply first among sozodiaphonyms or sozodiaphographs
if available, then among distagmonyms or distagmographs.

{g3} For the purpose of this Principle, the term significantly is to be understood as qualifying a
nomen or a spelling that has been used in the titles of at least 100 scientific works published after 31
December 1899.

2.3.7.8. Archoidy (Commission's Plenary Power)

Although the Principles, Rules and codified exceptions presented above allow to solve the main
problems, confusions or conflicts that may arise during the application of the nomenclatural Rules in
zootaxonomy, in a few particular situations the normal Rules of the Code do not allow to do this. In
such cases, in the interest of nomenclatural universality, unambiguity and stability, the Code allows
the International Commission on Zoological Nomenclature to use its Plenary Power to promulgate
decisions circumventing some of the Principles and Rules of the Code (except those concerning its own
powers and duties). The use of the Plenary Power is treated in the Code just as a ‘codified exception’,
but it should rather be viewed as the implementation of a Principle, the Principle of Archoidy, as
suggested by the LZC (Dubois & Aescht 2019; Dubois et al. 2019).

So far, it does not seem that the Commission has ever used its Plenary Power to invalidate or validate
a class-series nomen or an onomatergy concerning a CS nomen—which is consistent with the fact that
the Code currently does not include any Rule concerning the validity of such nomina. Until it decides
to change explicitly its practices in this respect, the Principle of Archoidy should be considered not to
apply to CS nomina. This means that when the Commission imposes the use of some CS nomina in the
applications published in the BZN or in the Opinions and Declarations it issues, this should not be construed
as a decision taken under the Plenary Power and having force of law but just as a non-binding editorial
decision. This is an important point, as the Commission regularly imposes such uses, as for example those
of the invalid (in our opinion) nomina CAUDATA (for URODELA) or TESTUDINES (for CHELONII) in such
texts or at least in their titles (see respectively Dubois & Bour 20105 and Dubois & Ohler 2019).

2.3.7.9. Conclusion

Table T12.ZYG provides a survey of all the categories of conflicts of zygoidy in zoological
nomenclature presented above, with their main characteristics and information on the Principles, Rules,
Criteria or codified exceptions allowing to solve them.

Dubois (2015¢: 91-108), Dubois (2020a) and Dubois & Frétey (20206—d, 2021a—d) presented
detailed analyses exemplifying the use of the DONS Ceriteria for the resolution of nine quite complex
problems of zygoidy in the class-series concerning the recent amphibians. These analyses are not
repeated here but their conclusions were implemented in the present work, along with many others not
detailed here.

2.3.8. Comprehensive lists of supraspecific nomina of LISSAMPHIBIA

In order to establish the valid nomina of all the suprageneric lissamphibian taxa that our phylogenetic
analysis and our taxonomic methodology lead us to recognise, we had to rely on comprehensive lists
of all the available nomina of the species-, genus-, family- and class-series, of all the aponyms ever
used for them in the literature since 1758, on reliable information on their taxonomic allocation and
nomenclatural validity and correctness (according to the Rules of the Code for SS, GS and FS nomina,
and to DONS for CS nomina), as well as on lists of nomina that cannot be used as valid for being either
anoplonyms, ectonyms or anaptonyms. As such comprehensive lists did not exist, we had to build them,
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and in order to do so we surveyed virtually all the relevant publications since 1758 where new nomina
or aponyms could have been published.

Our methodology was as follows. We started from the recent works of Dubois (19815, 19845,
1987a,e,m,1992,2004b,2005d), Frost (1985), Frostet al. (2006) and ASW <2020a> to build preliminary
‘skeleton lists’ of lissamphibian nomina of the GS, FS and CS, as well as of ectonyms. We then built a
list of all the references cited as sources of these nomina and we ordered them chronologically. We then
surveyed all these works in the chronological order for new nomina and aponyms. We progressed very
slowly, year by year, using as many sources as possible, including the references mentioned in these
works, as well as the website Biodiversity Heritage Library <BHL 2020>. This lead us to ‘rediscover’
many references of publications not being ‘classically’ mentioned in the literature on amphibian
systematics. This allowed us not only to rediscover plenty of nomina and spellings that had sunk into
partial or complete oblivion, but also to establish the chronological appearance of all the aponyms for each
nomen, which turned out be quite different in many cases from that which appeared in previous works
(Dubois 1984b; Fouquette & Dubois 2014; <ASW 2020a>). This very difficult and painstaking work
kept us busy for about five years, but now we think these lists are very close to absolute completeness
and will not require further verification, except perhaps in a few borderline cases. We would be very
grateful to any colleagues who could indicate to us references, nomina and aponyms that we would have
missed, and we plan to keep these lists updated in the future and to devote an online database to this
information.

These lists are presented in Appendices AS.NGS, A6.NFS, A7.NCS and A8.ECT, where the nomina
are presented in alphabetical order. They contain a great deal of nomenclatural information, presented in
a standardised abbreviated manner, explained in detail in their legends. For a full benefit of these lists,
some time should first be devoted to a careful study of these conventions. Despite these conventions and
abbreviations, these lists cover 219 pages in the present work, but an expanded and explicit presentation
of the same data would have required several times more pages.

We used these lists to establish the valid nomina, with their correct spellings, of all the taxa recognised
as valid in the present work. In the course of this work, we found that no nomina were available for 200
(14.4 %) of the 1389 extant supraspecific taxa below the rank classis here recognised, and we provided
new nomina for them, including 14 new genus-series nomina and one new species-series nomen. In
fact, during our work we had planned to establish 18 new generic nomina, but five of these new genera
(Firouzophrynus, Leucostethus, Nesorohyla, Rentapia and Zhangixalus) were named by other authors
during the six years and half of our work. We did not mention the new nomina that we had coined for
these taxa, although most of them were shorter and would have been preferable in our opinion (see
Dubois & Raffaélli 2009, Dubois 2010e), especially when they may have to be used as nucleogenera of
family-series nomina.

2.3.9. ‘Vernacular’, ‘common’ and scientific names

The following lines were borrowed in part from Dubois & Ohler (2019: 12—-13).

Science is an international endeavour, the aim of which is universality. Every time in history that
science has been put to the narrow service of a country, a culture, a language, an ideology, this has
entailed declines in knowledge and in the usefulness of science for mankind (Raposo et al. 2017).
Biological taxonomy makes sense only as an international approach: if the same organisms were given
different nomina in different countries or in different villages, no communication would be possible
among biologists worldwide and this would have dramatic consequences on our understanding of
biodiversity and our ability to use it, act upon it, manage or protect it, or protect us from it. This aim
requires the use of a single language in all countries to designate the taxa recognised by taxonomists. At
the beginning of taxonomy, some taxonomists of different countries and cultures tended to use scientific
names in their own languages. Latin was chosen as the unique language of nomenclature because it is
a ‘dead’ language that uses the same letters as many ‘living’ languages and because it was the language
of the scholars throughout medieval and Renaissance Europe, where modern zoology began.

Today, keeping Latin as the ‘neutral’ language of taxonomy is important as it avoids the imposition
to this discipline of the linguistic idiosyncrasies of a few countries, which are not shared in other
parts of the world. It is also important to keep a single corpus of scientific nomina for biological taxa.
Because of the many problems posed by the availability, allocation, synonymy and homonymy of
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nomina, nomenclature is a complex domain and its proper management is time- and effort-consuming.
Developing in parallel other nomenclatural corpora, sometimes with their own ‘rules’, certainly cannot
be seen as contributing to the continuity, unity and universality of science, and this should not be
supported by taxonomists.

As a matter of fact, beside the ‘official’ Latin nomenclatures regulated by the International Codes, a
tendency has developed in the recent decades to develop ‘parallel’ biological nomenclatures in different
modern languages. Committees have been established, lists published, and more and more biologists
now tend to use these non-Latin names to designate the taxa they study, for example in the texts and even
in the titles of their publications. Thus, many recent taxonomic checklists and databases provide, besides
the Latin nomina (scientific names) of taxa, their ‘modern’ names, either in a single language (often
English) or several. These lists are usually presented as lists of ‘common’, ‘trivial’ or even ‘vernacular’
names of the taxa, which they are not in fact. Such names are of two different kinds.

A few of them do indeed qualify as ‘vernacular’ names, i.e. names used used in “the language or
dialect spoken by the ordinary people in a particular country or region” (Pearsall 2001: 2054). They
have often been employed by the persons speaking or writing the language at stake for centuries and
before the onset of scientific language. This applies to common terms like ‘frog’ in English, ‘Frosch’ in
German, ‘grenouille’ in French or ‘rana’ in Italian, Portuguese or Spanish. Such names will appear for
example in usual dictionaries of the language concerned. But then, most of these genuine vernacular
names do not correspond to taxonomic concepts. For example, vernacular designations like ‘common
frog’, ‘green frog’ or ‘brown frog’ are used by local people in Europe, North America, South Africa or
Australia, where they do not designate the same, or even related, biological taxa. Citing such names as
‘synonyms’ of scientific names is therefore misleading and confusing.

But the vast majority, if not the totality in many cases, of the names in such lists of ‘common’ or
‘vernacular’ names are not ‘common’ at all, being completely unknown of the ‘ordinary people’ of the
countries concerned. Most of these names are in fact recent alternative scientific names for the Latin
nomina now recognised by the Codes, provided by some dedicated ‘committees’ or simply coined
by the authors of the lists. This is in fact similar to the so-called ‘vernacular’ names used in many
early taxonomic publications in various European languages. Despite a frequent misunderstanding of
this term, these names were not ‘vernacular’ in the least, they were genuine scientific names, but in
languages others than Latin, derived by literate scientists from scholarly etymologies (usually from
Greek or Latin roots). The recent tendency, supported in zoology by the absence of a clear definition of
this term in the Glossary of the Code, which applies it in fact indiscriminately to any ‘non-Latin’ name,
ignores these facts, which poses problems regarding the nomenclatural availability of some nomina
(see e.g. Dubois 2015¢: 2627 and references therein).

Therefore, the recent flourishing of lists of so-called ‘common names’ of taxa in modern languages,
used in parallel with the scientific names, is certainly not to be welcomed as a progress for taxonomy.
Particularly problematic is the recent tendency to designate taxa in the titles of scientific publications by
English names or names in other recent languages, not accompanied by the valid Latin nomina of these
taxa, and we think this practice should be abandoned by taxonomists and editors.

Real vernacular names for animal ‘species’ (which in fact in many cases are used by the local
people to designate several closely related or similar species, or different sexes or life stages of the
same species), or based on the local names of the regions or localities where these animals are known to
occur, may find and have found their way to scientific zoological nomenclature, having been borrowed
by taxonomists to name genus-series or species-series taxa of animals (e.g., in amphibians, respectively
Paa Dubois, 1975 or Beduka nov., and Aubria masako Ohler & Kazadi, 1990 or Beduka amboli nov.).
But then these names leave the world of vernacular names designating ‘kinds of animals’ to enter
that of scientific names designating taxa, i.e. scientific concepts. Then, they must comply with all the
Rules of availability, allocation, validity and correction of the Code. Recently, a trend has appeared in
some borderline ‘scientific’ literature, to mix both worlds, and to suggest abandoning some available
and valid zoological nomina for so-called ‘ethical’ reasons (e.g., Shiffman 2019) and even replacing
them by vernacular names given to ‘kinds of animals’ (covering often several scientific taxa) in local
languages (Gilman & Wright 2020). Such proposals do not need serious discussion, as they just express
the complete ignorance of their authors, and of the journals which accepted to publish them, of the
nature of scientific taxonomy and nomenclature, of the concepts of taxon, nomen, availability, priority,
validity and stability. In this respect, a ‘non-scientific’ journal like 7he New York Times recently showed
more understanding of these questions (Roach 2020) than ‘scientific’ journals like Scientific American
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or Nature. If some authors in the future decided to use such vernacular names as valid in zoological
nomenclature to replace available nomina currently considered valid, these non-scientific names would
simply have to be rejected as unavailable for being ectonyms.

Unambiguous naming for all animal taxa is the main issue of zoological nomenclature, as regulated
by the Code, so multiple names for taxa cannot be promoted within the system. Nevertheless it is
important to acknowledge that in our world exist various systems of naming natural kinds depending on
the aims, on the places and on the usage. But this has to be considered elsewhere.

2.4. A new methodology for taxonomic and nomenclatural transcription of a tree into a
cladonomy

2.4.1. Introduction

Some have argued that a ‘phylogenetic taxonomy’ requires a ‘phylogenetic nomenclature’ (Queiroz
& Gauthier 1990, 1994), such as the Phylocode (Cantino & Queiroz 2020), as the LSNS Rules would not
allow to express nomenclaturally the phylogenetic relationships between taxa, in particular because of
their use of arbitrary nomenclatural ranks. As we have seen, we disagree with this point of view, which
is based on a confusion between taxonomy and nomenclature, and particularly between taxonomic
categories and nomenclatural ranks. Because it uses “phylogenetic definitions of taxon names” for the
allocation of nomina to taxa, the Phylocode is an intensional system which is theory-bound regarding
taxonomy. In contrast, the Code, which uses onomatophores for this allocation, is an ostensional and
theory-free system. This has allowed it to adapt to the changes in taxonomic paradigms that have been
frequent in the history of biology, and it should remain able to do so as no one knows today what will be
the taxonomic paradigms of the future. But we agree that the LSNS Rules are not enough by themselves
to ensure that nomenclature will reflect the cladistic hypotheses on which the classification is based.
Several conditions should be respected for the LSNS being able to do so. The first one is taxonomic:
{h1} that only groups hypothesised to be monophyletic/holophyletic should be recognised as taxa. Two
other ones are taxonominal: {h2} that sister-taxa (according to the tree adopted as valid) be always
afforded the same nomenclatural rank (i.e., be parordinate); and {h3} that nominal-series strictly follow
each other when going upwards or downwards in the hierarchy, without overlap between them, and that
ranks do the same within nominal-series.

The first condition concerns the recognition, contents and diagnosis of taxa, i.e., formal groups of
organisms considered to be holophyletic (i.e., including one ancestor species and all its descendants).
The definition and composition of taxa is fully independent both from their nomina and from the ranks
given to the latter.

The second condition concerns the ranks afforded to these taxa. These ranks are relative, not absolute
as believed by some. This means that they are not part of the definition of taxa or of nomina. As we have
seen, nomenclatural ranks just provide information on the structure of the tree, i.e., on the hypothesised
cladistic relationships between the taxa, not on their characters, ‘degree of divergence’ or age, as would
taxonomic categories, which have long been confused with them. In order to account for changes in
the topology of the tree, the same taxon may freely shift from one rank to another within a nominal-
series without any change in its definition and content. This has indeed occurred very frequently in ‘real
taxonomies’ throughout the history of biology.

Before going further however, it is important to remember that taxonomy and nomenclature are
not meant at being useful only to specialised phylogeneticists and taxonomists, but also to all users of
scientific nomina, including other biologists and non-biologists. This means that, as far as possible, ‘very-
well-known’ taxa and nomina should remain in use, at least for taxa that do not contradict the requirement
for holophyly of taxa, which requires in some cases to use them for taxa different (less inclusive) than
those for which they had been originally proposed, as it is the case for the nomen AmMPHIBIA. There should
exist both some robustness and some lability or adaptability of nomina relative to the content of taxa,
as long as nomina remain anchored through a stable objective reference, their onomatophores, which do
not refer to verbal definitions of the taxa for which they were proposed or are now used, but simply to
inclusion of one or a few specimens in the latter.

As we have seen, in order to act as an efficient information storage and retrieval system, the
nomenclatural system should rely first on a few ‘mandatory’ or ‘compulsory’ ranks, namely kingdom,
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phylum, class, order, family, genus and species (Wiley 1979, 1981; Dubois 2006a, 2007a, Kuntner &
Agnarsson 2006): all organisms on earth should be referable to taxa attributed to these seven ranks.
Nomenclatural ranks do not carry biological, historical or other information, and they are not, and
cannot be made, ‘equivalent’ by any Criterion across the whole animal kingdom. In practice, taxonomic
assignment of these seven ranks therefore relies only upon ‘tradition’ and ‘consensus’ among specialists
of the main zoological groups: an order of mammals is by no Criterion equivalent to an order of insects,
molluscs, nematodes or ciliates.

Beside these seven mandatory ranks, all other nomenclatural ranks are optional. Their use should
not be based on trying to carry some information on the taxa themselves, their characters, their ‘degree
of divergence’ or their age, but only to reflect the structure of the tree adopted as the basis for the
classification of any given group, i.e. the topology of the succession of their well-supported nodes.
Cladistic trees may appear as ‘well-resolved’, at least in part, when they include ‘well-supported’
dichotomies, or ‘poorly resolved’, at least in their portions that include polytomies.

If taxonomy and nomenclature are to act as a device carrying information on the evolutionary
history of a group, not in terms of adaptations, convergences or innovations in characters, but in terms
of successions of dichotomies or cladogeneses (resulting in separate ‘clades’ between which no gene
flow occurs any more), these dichotomies should be reflected in the classification and nomenclature.
This can be done in a non-ambiguous manner by giving the same nomenclatural rank to the two taxa
resulting from each dichotomy (or, provisionally, by the several taxa resulting from an unresolved
polytomy). Not doing so would reflect a ‘gradist’ or ‘gradonomic’ conception of taxonomy, in which
some taxa resulting from dichotomies would be more ‘important’ than others by some criterion, and
therefore would merit to be given a ‘higher rank’, than their sister-taxa.

This is indeed what is done in all ‘pseudoranked’ ergotaxonomies and nomenclatures, which
are in fact the common standard in the current taxonomic literature (see Dubois 2007a, 2008f)
although few authors would provide theoretical justification for their use. For example, Vieites et
al. (2007) recognised a salamander subfamily HemipacTyLINAE with four immediately subordinate
taxa (corresponding to an unresolved polytomy): genus Batrachoseps, ‘supergenus’ Bolitoglossa (with
twelve genera), genus Hemidactylium and tribe SPELERPINT (With four genera). The genera recognised
by this ergotaxonomy are therefore not all sister-taxa and this nomenclature does not carry any message
concerning their cladistic relationships. To transform this pseudoranked ergotaxonomy into a genuine
ranked ergotaxonomy, these four taxa should be afforded the same rank, e.g. tribe, two tribes including
a single genus and the other two being composed of several genera (Dubois 2008f). Similarly, Frost et
al’s (2006) classification of the AMPHIBIA recognised pairs of sister-taxa such as ‘taxon’/familia or
familia/superfamilia, so that the nomenclatural hierarchy in this work is devoid of cladistic meaning.

In contrast, if all well-supported nodes are recognised as taxa, if all sister-taxa are always given the
same nomenclatural rank, and if successive nodes are given different ranks, the latter carry cladistic
information. This was argued for by Hennig (1950, 1966, 1974) and many of his successors. The
important point in ranking is not the absolute rank given to any taxon, which has no meaning by itself
and is fully labile, but the relative ranks of the different taxa, and in particular the fact that sister-taxa in
a phylogenetic taxonomy have the same rank, as pointed out long ago, for example by Raikow (1985:
195): “In any Linnaean classification, the taxa are arranged in a nested hierarchy of progressively more
inclusive ranks or categories. In cladistic classification, the pattern of cladistic relationships, usually
taken to hypothesise genealogy, is the basis for ranking. The clades are recognised as taxa and their rank
is determined by their position. More inclusive groups are ranked at higher category levels than less
inclusive groups. (...) This is totally unambiguous; the classification exactly expresses the genealogy.”

This system allows a fully bijective or isomorphicrelationship between the tree and the ergotaxonomy:
the latter derives directly from the tree, and reciprocally it allows to reconstruct the tree automatically
in all its details. But, for this to be possible, this requires to use as many different ranks as successive
dichotomies (or polytomies) in the tree. A particular problem is caused here by the fact that the current
Code limits arbitrarily the number of ranks allowed in the genus-series (with only two ranks, genus
and subgenus, but for example no rank supergenus) and in the species-series (with only four ranks,
‘aggregate of species’, species, ‘aggregate of subspecies’ and subspecies). Hopefully these arbitrary
limitations will later finally be cancelled (see Dubois 20064, 2011a), but in the meanwhile the detailed
nomenclatural expression of cladistic trees through a hierarchy of ranks will have to rely mostly on
nomina of the family- and class-series. In the former, the number of ranks is indefinite below the rank
superfamily, but, strangely enough, additional ranks above superfamily are forbidden by the Code. In
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the latter, the number of ranks is fully unlimited, which allows as many ranks as needed to express
in detail the cladistic relationships even in trees displaying very high numbers of nodes at successive
levels.

Few cladistic trees are ‘balanced’, with equal or subequal numbers of levels in both branches
originating from a single basal dichotomy. The usual situation is to have two widely unbalanced branches,
one being much richer in terminal taxa (species or subspecies) and in intermediate nodes than the other
one. In such cases, the number of ranks in each branch will be widely different and these ranks will not
be equivalent between branches, thus carrying no phylogenetic signal at this level, but they will carry
such a signal within branches, whenever the same rank is given to two sister-branches. This raises no
theoretical problem as soon as it is acknowledged that ranks are meaningless by themselves and only
useful to express hypothesised cladistic relationships between taxa.

This system thus makes use of two different ‘kinds’ of ranks, shown in Figure F1.MOR. Mandatory
ranks (kingdom, phylum, class, order, family, genus, species) have a double function: {il} that of
allowing information storage and retrieval in bibliographic (such as the Zoological Record <ZR 1864—
2020>) and taxonomic (such as the Integrated Taxonomic Information Service <ITIS 2020>, or the
Universal Biological Indexer and Organiser <uBio 2020>) databases; {i2} that of providing information
on the structure of the tree, i.e., on the cladistic relationships between taxa. This second function is the
only one performed by optional ranks. The latter are potentially unlimited in number. However, in real
taxonomies, which never cover the whole animal kingdom in all details, but are either very general
(limited to higher rank taxa) or quite specialised (limited to rather lowly ranked taxa, as in the present
work), they will rarely exceed a few dozens or less. Optional ranks are therefore needed only to express
sister-taxa relationships, so they must be used only for taxa that include several subtaxa. Therefore, in
unbalanced taxonomies, less ranks will be used in taxa-poor branches than in taxa-rich ones. Optional
ranks do not allow useless taxonomic redundancy (inclusion in one taxon of a single subtaxon of next
lower rank in the same nominal-series having the same content/extension and characters/intension). In
contrast, in the case of mandatory ranks, taxonomic redundancy is imposed by their function {il}. For
example, although the frog family RHINOPHRYNIDAE contains a single extant genus Rhinophrynus with
a single species Rhinophrynus dorsalis, so that these three taxa are redundant in terms of taxonomy and
phylogeny, they are not so for the purpose of information retrieval, and all three should be recognised as
distinct taxa. But there is no need, and it would be a mistake, to recognise a subfamily RHINOPHRYNINAE,
atribe RHINOPHRYNINI, a subgenus Rhinophrynus (Rhinophrynus) or a subspecies Rhinophrynus dorsalis
dorsalis, as these taxa would have no sister-taxa.

So far, in zootaxonomy, most authors, even without clear formulation of the concept of ‘mandatory
rank’, have in practice acted in agreement with the recommendation above to attribute well-known taxa
to these seven ranks. But no explicit and detailed methodology has ever, to the best of our knowledge,
been proposed to serve as a guideline for the choice of the taxa to which these seven ranks should be
attributed. We here propose such a methodology. As reminded above, taxonomy should be at service of
numerous users of various kinds and should not comply only with the aims and preferences of specialised
taxonomists and phylogeneticists. Therefore, this methodology is meant at standardising the use of
ranks in zoological nomenclature, not at ‘revolutionising’ it. In particular, it should allow to maintain
as much as possible the long traditions regarding the nomina used for the best known animal taxa.
Because of the widely different traditions used in different branches of zootaxonomy, we insist that, for
the time being, this methodology should be applied separately in the different major animal groups as
traditionally recognised—except when these have been shown to be polyphyletic or paraphyletic, such
as in the case of the ‘REPTILIA’ or ‘PISCES’. A good source for establishing these traditions is provided
by the numerous volumes of the Zoological Record (<ZR 1864-2020>), a yearly updated database that
exists since 1864 and which is now available online.

As we have seen, at this stage we excluded terminal taxa (species and subspecies) as well as genera
and subgenera from our recommendations, because today several distinct species/subspecies and genus/
subgenus concepts are used by different taxonomists or groups of taxonomists, in part following different
taxonomic traditions in different animal taxonomic groups, e.g., with or without frequent use of the
ranks subgenus and subspecies, or in groups including organisms with peculiar reproductive modes like
parthenogenesis, gynogenesis and ‘hybridogenesis’ (see Dubois 20115). At this stage we recommend to
follow such traditions in the groups at stake, or to propose changes but based on explicit concepts and
methodology.

Regarding extant amphibians, our recommendations concern in the first place {j1} the two mandatory

NEW LISSAMPHIBIAN CLADONOMY Megataxa 005 (1) © 2021 Magnolia Press « 85



suprageneric ranks family and order, and {j2} their nomina. As will be shown below, fixing the position
in TREFE of the two ranks family and order, which usually is fully arbitrary and does not correspond to
any biological or historical Criterion, will be a starting point that will allow to determine the assignment
of all other ranks, in any given partial taxonomic hierarchy (restricted to a defined higher taxon), to the
holophyletic taxa recognised.

2.4.2. Allocation, assignment, attribution and allotment of nomina

In zoological taxonomy, nomina are allocated to taxa, assigned to nominal-series and attributed
to nomenclatural ranks, and taxa are referred to taxonominal ranks. These four kinds of attachment or
connexion are distinct and independent. Some are permanent, others are labile. So far, in the literature
no clear distinction has been made between them, and no specific term has been fixed for any of them: in
most cases, these processes are not distinguished, and are designated by general terms like “‘allocation’ or
‘attribution’. In order to avoid confusions and misunderstandings, we propose here a formal terminology
for these four distinct concepts.

{k1} Following Dubois (2005b), we propose to use the verb to allocate and the substantive allocation
for the process of connexion between a nomen and a taxon. This taxenomic allocation is effected
through two tools specific to zoological nomenclature, the onomatophore and the onomatostasis. The
onomatophore is usually designated in the original publication where the nomen is established, but in
some cases in a subsequent airesy effected by a taxonomist of by the Commission under its Plenary
Power. Once designated, it is fixed and permanent, not liable to change. In contrast, the onomatostasis
is usually (in the SS, GS, FS and for doxisonyms in the CS) labile, depending on the structure of the
taxonomy (see Dubois 2020a), but it is fixed and permanent in the case of sozonymorphs in the CS
under DONS Ceriteria.

{k2} Following Dubois (2015c¢), we propose to use the verb fo assign and the substantive assignment
for the process of attachment of a nomen to one of the four nominal-series (SS, GS, FS and CS). This
nominal-series assignment must be effected in the original publication where the nomen is established.
Failing to do renders the new nomen nomenclaturally unavailable (Tables T4.AVN and T6.ASN). Once
done, this assignment is permanent and non-modifiable.

{k3} Zoological nomina are thus permanently attached to nominal-series but, contrary to the
situation in botanical nomenclature, not in the least to ranks. Owing to the Principle of Coordination, once
established at any rank in a nominal-series, a nomen is deemed to have been established simultaneously,
with the same auctor, date and onomatophore, at any other rank in the same nominal-series. In a given
ergotaxonomy however, a given nomen will be used as valid only at certain ranks, depending on the
taxonomic arrangement. For the process leading to decisions in this domain, we hereby propose to use
the verb to attribute and the substantive attribution. The rank attribution of a nomen is highly labile,
being liable to change whenever the phylogenetic hypotheses and ergotaxonomic arrangements change.
Furthermore, in any given ergotaxonomy, in the species-, genus- and family-series, the same nomen
may be used as valid at several distinct ranks that are immediately super/subordinate to each other.

{k4} In most cases, when describing a taxon, an author refers it to a nominal-series and a rank
within this nominal-series. Subsequent works may lead to modify the rank of this nomen, which poses
no nomenclatural problem as long as one remains within the same nominal-series, as the nomen will
keep its auctor, date and onomatophore. However, in certain cases, and particularly when suprageneric
taxa are concerned, the choice between a FS rank (e.g. superfamily) and a CS rank (e.g. infraorder),
which as we have seen does not rely on taxonomic concepts but largely on tradition and consensus,
may be challenged in subsequent works. But then transfer of a taxon from the FS to the CS or vice
versa will require a change of nomen for the taxon, even if its intension and extension are not modified,
because nomina in different nominal-series obey different nomenclatural rules and nomina can never
be transferred from one nominal-series to another one. This change of nomen may be a source of
ambiguities and confusions. In order to limit the occurrence and the negative consequences of such
situations, it is useful to dispose of operational Criteria allowing to choose the nominal-series to which
a new nomen will be assigned. We propose such Criteria below. For this process, which is distinct from
the three processes described above, we hereby propose to use the verb fo allot and the substantive
allotment. More details on nominal-series allotment are given below.
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2.4.3. The two basic mandatory ranks between genus and class: family and order

In amphibians, the introduction of explicit phylogenetic analysis as a basis for taxonomic (partly
cladonomic and partly gradonomic) classification has resulted in a tendency for higher-ranked taxa
(e.g., families) to be moved toward the tips (i.e., making families less inclusive). This movement was
justified by the fact that the number of traditional higher taxa in extant amphibians was clearly too
low to be able to express conveniently the complexity of the relationships within the group, which had
been underestimated in the past. However, we think this movement should not continue forever, and
that drastic changes in the higher taxonomy of the group should now be restricted to genuine major
discoveries or changes in the structure of the tree, but not occur as a simple result of mere increase in
the number of known species and genera which do not change the basic pattern of relationships between
taxa.

In amphibians, regarding the mandatory rank order, the tradition is very entrenched in the literature
and it should in our opinion not be challenged. In innumerable works, the extant amphibians are
referred to three higher taxa that are usually given the rank order: the frogs, the salamanders and the
caecilians. They correspond exactly to the three main holophyletic groups disclosed by our cladistic
analysis (see below), where they form an unresolved trichotomy. The valid nomina of these three
orders, following the DONS methodology (Dubois 2015¢, 2020a; Dubois & Ohler 2019; Dubois
& Frétey, 2020b—c, 2021b), are respectively ANURA Duméril, 1805, URODELA Duméril, 1805 and
GYMNOPHIONA Rafinesque, 1814,

Stating that the ranks order and family are mandatory means that every animal species must be

referred to a taxon at each of these two ranks. But these two ranks are the only ones that are mandatory
below class and above genus. All the other ranks are facultative, and their implementation in any branch
of TREE will depend on the structure of this branch, i.e. on the number of well-supported nodes between
the rank family and the rank order.
The situation is much more complex concerning the rank ‘family’. Here, ‘tradition’ only is not enough,
as new families are constantly added in the extant amphibians as in most other zoological groups: there
were 8 families in Duméril & Bibron’s (1841, 1854) classification of this group, 19 in Boulenger’s
(1882a-b), 20 in Noble’s (1931), 42 in Duellman & Trueb’s (1985) and 54 in Frost ef al.’s (2006). This
process might continue indefinitely, with a permanent increase in the number of families which does not
always correspond to an increase of knowledge but sometimes only to a particular focus given by some
recent authors to ‘their’ groups, at the expense of less studied groups. Some Criteria are needed to limit
this constant increase in the number of families and unjustified upgrade of lower-ranked taxa to the rank
family. This led us to devise a completely new methodology for fixing the level of the rank ‘family’ in a
zoological classification. We present below in detail the rationale and the Criteria of this methodology,
the ‘Ten Criteria Procedure’ [TCP] which we used as the basis for our attribution of all amphibian
suprageneric taxa, not only to this rank but also, by way of consequence, to all other suprageneric and
infraordinal ranks. As we will show, having established the nomen to which the rank family is attributed,
the entire suprageneric classification of the group at stake (our CLAD) is automatically generated by our
Criteria.

Most current taxonomists highly praise ‘nomenclatural stability’, which is even stated in the Code
as one of its main purposes. However, this concept is a complex one (Dubois 20055) which is usually
poorly defined, including in the Code (Dubois 2010c). In the absence of scientific Criteria to define
nomenclatural ranks, we agree that nomenclatural stability in the main ranks is a laudable goal, but
we insist that {l1} it should be based on precise Criteria and {l2} it cannot concern all taxa and ranks
but only some of them, as otherwise taxonomy and nomenclature would have to be frozen forever and
could not evolve with new concepts and new data as they have always done and should continue to do
(Dubois 1998). Therefore, whereas we agree that the taxonomy of amphibians should always include
‘well-known’ nomina like those of the order ANURA, of the family RaNIDAE and of the genus Rana, it is
important to realise that this stability of nomina does not always imply a stability of the corresponding
taxa: while the taxon ANURA has the same meaning today as it had in the work of Duméril (1805), both
taxa RANIDAE and Rana now have intensions and extensions very different from that which they had in
the original works of respectively Batsch (1796) and Linnaeus (1758a). Here we do not use the concept
of ‘nomenclatural stability’ in the imprecise sense it usually has in the literature but in a technical, well-
defined and operational meaning, described in detail below.

1. For the correct authorship of the paper where this nomen and others appeared for the first time, see Dubois & Frétey (20215).
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2.4.4. Nominal-series saturation

As we have seen, the Code restricts the number of ranks that can be used in the three nominal-series
it governs: they are two in the GS (genus and subgenus), four in the SS (species, subspecies, ‘aggregate
of species’ and ‘aggregate of subspecies’) and they are limited in the upward direction in the FS by the
rank superfamily. In the first two three nominal-series, using additional ranks in not Code-compliant
and should be corrected whenever found in a publication.

At genus level, some recent authors used nomenclatures which are not Code-compliant, such
as implementing a rank ‘supergenus’ above genus (e.g. Vieites et al. 2007 in the HEMIDACTYLIINAE)
or several ranks between genus and species (e.g. Hillis & Wilcox 2005). In order to transfer such
nomenclatures to Code-compliant practices, in the first case the rank supergenus should be replaced
by a low family-series rank (such as subtribe or below): in the present case for example we used eight
ranks between subfamily and genus in the HEMIDACTYLIINAE. Concerning the second situation, the Code
allows to use a single additional rank between subgenus and species, that of ‘aggregate of species’ (or
better supraspecies, see Dubois & Raffaélli 2009), but no other rank is to be used in order to remain in
a Code-compliant nomenclature.

In the family-series, all ranks above superfamily that may or have been used are not Code-compliant
and should be abandoned, but they may be replaced by low ranks of the class-series, as this nominal-
series, not being regulated by the Code, has no limitation in the number and names of ranks

We call nominal-series saturation the situation in which all the ranks allowed by the Code in a given
nominal-series have been used in a formal ergotaxonomy and nomenclature. This saturation is soon
reached, after two ranks, in the GS, and after four ranks in the SS. If more ranks are used in these two NS,
they are not acceptable under the Code and their nomina are not submitted to the Rules of homonymy,
synonymy and priority of the Code.

In the FS, the situation is special as the Code provides a list of five ‘main’ ranks but states that
“any other rank bekow superfamily and above genus that may be desired” is acceptable (Article 35.1).
There is therefore no limitation in the addition of ranks in the downward direction below family. In
the present work, we make use of 10 ranks below family and this is Code-compliant. In the upward
direction above family, the Code just fixes an upper limit (superfamily) but does not state that no ranks
are allowed between family and superfamily. Saturation exists there only in the upward hierarchy above
family when all the ranks between family and superfamily accepted as valid in a given work have
been used. In the present work, the maximum number we used, in some groups only, is three (apofamily,
epifamily and superfamily). This is also Code-compliant, but the use of ranks above superfamily (such
as hyperfamily) would not be so. In the group of extant amphibians where the structure of our 7TREE
imposes more than three ranks above family and below order, starting with the fourth rank above family
the transition to the CS must be effected.

2.4.5. Recognition of suprageneric taxa and their rank attribution: the ‘Ten Criteria Procedure’
[TCP]

Our procedure relies on ten Criteria, which may be implemented in any suprageneric zoological
cladonomy for the attribution of a suprageneric nomen to the rank family. This will allow to reflect
bijectively a cladistic tree and allow back and forth equivalence between them. The ten Criteria of the
[TCP] rely either only on nomenclatural Rules {N} or on both taxonomic and nomenclatural Criteria
{TN}. The following three-letter abbreviations are used in the text below to designate these ten Criteria,
and one-letter abbreviations between square brackets are used in Appendix A9.CLAD-1 for five of
them:

[CHC] Consistent Hierarchy Criterion. {N}.
[CNC] Consistent Naming Criterion. {TN}.

[CPC] or [P] Conflict of Precedence Criterion. {N}.
[FPC] Family-Series Precedence Criterion. {N}.
[MRC] or [M] Mandatory Rank Criterion. {N}.
[NPC] Nomenclatural Precedence Criterion. {N}.
[NRC] or [N] Non-Redundancy Criterion. {N}.
[NTC] or [T] Nomenclatural Thrift Criterion. {N}.
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[STC] Sister-Taxa Criterion. {TN}.
[UQC] or [Q] Upper Quartile Criterion. {TN}.

The Criterion [CNC] provides necessary conditions for the recognition of suprageneric taxa, the
Criterion [NTC] allows to settle potential conflicts between the allotment of a taxon to the FS or the CS,
and the other eight provide general Criteria for the attribution of ranks to taxa.

Below we describe in detail these Criteria, and we provide some information on our cladonomy of
extant amphibians which we built using these Criteria and which includes 69 families (55 of frogs, 9 of
salamanders and 5 of caecilians). A full understanding of what follows requires to refer to our tree and
our cladonomy, shown in Appendices A2.TREE-1 and A9.CLAD-1, which are presented and discussed
in more details in our section Results below.

Note that the use of the methodology described below can be used consistently only on the basis
of a robust cladistic tree, such as TREE in the present work, which is based on a thorough analysis
of numerous molecular data. Today it cannot be used for all-fossil taxa, even when these have been
submitted to careful morphological and anatomical analyses, as many of them rely largely on incomplete
specimens and therefore result in many ‘missing data’ in matrices (see e.g.: Ruta et al. 2003; Ruta
& Coates 2007; Sigurdsen & Green 2011; Marjanovi¢ & Laurin 2015, 2019). In the present work,
we adopted uncritically the all-fossil families of lissamphibians recognised by paleontologists, which
simply correspond to tradition and consensus. The status and rank of these data were not challenged
here and they were not submitted to the methodology described in detail below for extant taxa.

2.4.5.1. General Criteria

2.4.5.1.1. Criterion [CNC]: the ‘Consistent Naming Criterion’

2.4.5.1.1.1. Statement of Criterion

“In any given cladonomy, all sister-branches resulting from nodes having a support value
equal to or higher than a given a priori threshold must be recognised as distinct taxa, whereas no
branch resulting from nodes having a support below this threshold should be so. However, for two
sister-branches to be taxonomically recognised, one of them at least must include more than one
supraspecific subtaxon (i.e., of rank genus or above).”

2.4.5.1.1.2. Rationale and use of this Criterion

As explained above, our aim here is to propose for the first time a complete ‘phylogenetic taxonomy’
or more exactly cladonomy of the extant amphibians above the rank genus, here designated as CLAD,
being an exact and reversible transcription of the cladogenetic tree, here designated as TREE, based on
nucleic acid sequencing data, that we here adopt as (provisionally) valid. For this to be possible and
reliable, all suprageneric branches resulting from nodes having a SHL-aLRT support value of 90 % or
more must be recognised as distinct taxa, whereas no branch resulting from nodes having a support
below this threshold, even if ‘close’ to it (e.g., 89 %), should be so. If some such nodes were purely
subjectively retained, despite being unsupported, for corresponding to ‘well-known’ or ‘important’ taxa,
or on the contrary nodes meeting this Criterion rejected for being ‘less known’ or ‘less meaningful’
than others, or simply for the purpose of reducing the number of ranks in our hierarchy in order to
follow ‘tradition’, the resulting taxonomy would not entertain a bijective relationship with our 7TREE
any more—i.e., it would not allow alone to reconstruct TREE.

Of course, in subsequent works, it will not be necessary to mention always all these ranks and taxa
and it may be sufficient, according to the purpose of the publication, to mention a few ‘traditionally
important’ ranks (such as order, superfamily, family and subfamily), but the taxa attributed to these
ranks will not be given haphazardly but will correspond to a well-defined taxonominal paradigm. And of
course, when dealing with the complete classification, all these ranks and taxa should be mentioned.

This means that even in very unbalanced situations, e.g., when a single species comes out as the
sister-taxon of a large taxon including hundreds of species, both branches of the dichotomy should
nevertheless be named and be attributed to the same nomenclatural rank. By itself, the resulting
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‘unbalanced taxonomy’ will be very informative regarding the pattern and processes of evolution of the
group at stake, as it will point to very different rates of diversification and speciation, or of extinction,
in these two branches, thus allowing to ask meaningful evolutionary questions, whereas this would be
‘masked’ in a taxonomy that would care mostly for equilibrated numbers in related taxa in the futile and
hopeless search for quantitatively ‘equivalent’ taxa at the same rank.

The only case where well-supported nodes in TREE should not be used as evidence for distinct taxa
is when the results are ‘strange’ enough, on the basis of robust previously published information, to
suggest the existence of a problem regarding the reliability of either the identification of the voucher or
the molecular sequence. Such problems should be solved if possible, and if impossible these specimens
and sequences should be removed from TREE and from CLAD until more is known, but this decision
should be made clear to all readers. As a matter of fact, so far we did not identify any such case in the
data we used, or we were able to correct them.

Therefore, in the present work, this Criterion was followed strictly for all suprageneric nomina/taxa,
whatever its consequences regarding ‘usage’ and ‘consensus’.

Stating that a taxon must be recognised and named on the basis of TREE means that this taxon will
have to be taken into account when it comes to establish the ranks and nomina of taxa but does not tell
us which rank and nomen it should bear. This information will be derived from the other nine Criteria
below.

2.4.5.1.2. Criterion [NPC]: the ‘Nomenclatural Precedence Criterion’

2.4.5.1.2.1. Statement of Criterion

“In zoological nomenclature, precedence between family-series nomina is established through
the same Rules as for species-series and genus-series nomina, i.e., publication priority, airesy,
proedry, sozoidy or archoidy. In the class-series, according to the DONS Ceriteria, it is established
through sozonymy, or through priority, airesy or proedry among sozodiaphonyms, or through
priority, airesy or proedry among distagmonyms.”

2.4.5.1.2.2. Rationale and use of Criterion

In the family-series, the mention of this Criterion here can be considered superfluous as it is just part
of the standard Rules of the Code. A few decades ago, a number of taxonomists simply ignored that the
Principle of Priority, sometimes tempered by other Principles or Rules, did indeed apply to family-series
nomina, but in this respect the situation has improved in the recent decades.

However, in the class-series, as the Code does not provide Criteria of validity, a chaotic situation
currently prevails in the literature. Various Criteria, or more often inconsistent ‘pseudo-Criteria’ (see
Dubois & Ohler 2019), have been used by different authors, who generally did not care for explaining
the rationale for their choices. Few do so, and propose consistent Principles and Rules for this purpose,
under the form of explicit proposals of ‘nomenclatural systems’ (e.g. Dubois 20064, 2015¢; Kluge 2010).
As the Code does not take a stand on these matters, none of these explicit nomenclatural systems, or
inexplicit ‘pseudo-systems’ (see Dubois 2015¢) can be stated to be more ‘Code-compliant’ than others.
The only requirement that can be expected to be met from authors in publications dealing with these
matters is to state in full words which Principles, Rules, Criteria or at least guidelines they follow in this
respect (Dubois & Ohler 2019). Here we clearly state that, for the nomenclature of all taxa of the class-
series (i.e., above the rank superfamily), we followed the Criteria of the Duplostentional Nomenclatural
System (DONS) as explained by Dubois (2015¢, 2016, 2020a).

In the present work, these Rules (for FS nomina) and Criteria (for CS nomina) were followed
strictly, whatever their consequences regarding ‘usage’ and ‘consensus’.
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2.4.5.1.3. Criterion [CHC]: the ‘Consistent Hierarchy Criterion’

2.4.5.1.3.1. Statement of Criterion

“In any given cladonomy, in one branch at least resulting from a node, subordinate and
superordinate taxa should be attributed to immediately successive nomenclatural ranks in the
taxonominal hierarchy, but some of these ranks may be lacking in its sister-branch(es).”

2.4.5.1.3.2. Rationale and use of this Criterion

As we will see, the Criteria [UQC] and [STC] below allow to fix the position of many taxa in the
taxonominal hierarchy as belonging to the rank family. This will then allow to fix the ranks of most
other suprageneric taxa, simply by following the hierarchical succession of ranks. This would seem to
be a straightforward operation but it is not so, because some ranks are optional and are not always used
in ergotaxonomies. In this respect, the situation is different below and above the rank family.

{ml} Below the rank family and above the rank genus, as the Code currently forbids to use any
rank above genus in the GS, all ranks belong in the FS and the attribution of ranks to taxa is simply
automatic, by just descending progressively the hierarchy of ranks. But when relatively few ranks are
needed, it is even possible to ignore the potential intermediate ranks between subfamily and tribe in
order to keep an isolated ‘block’ for the ranks for which the Code imposes fixed endings (family,
subfamily, tribe and subtribe). It was the case in the present work, where we needed only ten ranks to
account for all our hierarchy below family. If in another zoological group more ranks are needed, these
potential intermediate ranks (e.g., infrafamily or supertribe) may be used and the downward progression
may be indefinite. Dubois (2006a) proposed a system with 38 distinct ranks between family and genus,
and the Code does not forbid to have even more. Therefore, the downward hierarchical succession of
rank depends on the context, i.e. of the ranks taken in consideration in a given work.

{m2} The situation is different above the rank family, because here two distinct nominal-series
must be distinguished, the FS and the CS. As we have seen, in the FS, the Code imposes a limitation
in the number of ranks above family, as no rank is allowed above superfamily. In the present work,
we indulged ourselves in implementing when necessary two optional intermediate ranks between
family and superfamily, namely first epifamily below superfamily if just one such rank is needed and
second apofamily below epifamily if a second such rank is needed (see Table T2.SEQ above). But the
implementation of these two ranks is optional and required only when there is a need for more than
one FS rank above superfamily, and it would seem inappropriate to increase indefinitely this number,
all the more that there is no upward limitation to the number of ranks that can be implemented above
superfamily in the CS. In the CS, there is no limitation of any kind and a descending hierarchy may be
smoothly followed without disruption. Dubois (2006a) proposed a system with 16 distinct CS ranks
between order and superfamily, and if necessary more could be used, but in the present work we needed
only eleven ranks to account for the hierarchy of CS taxa required by TREE below the rank class.

2.4.5.1.3.3. Examples of use of this Criterion

The number of ranks may be different in distinct sub-branches of the same branch. This affects
particularly the two ranks epifamily and apofamily, which need to be used in a few cases only. Because
of the Criterion [STC] (see below), in a given branch all sister-taxa must bear the same rank, but
when a given taxon has no sister-taxon, some intermediate ranks between the mandatory rank family
and higher ranks won’t be used in its hierarchy. Thus, the FS nomen R4ANIDAE and its parordinate
RHACOPHORIDAE constitute together an apofamily RANEIDAE, which has four parordinate nomina/
taxa (CERATOBATRACHEIDAE, DISCOGLOSSEIDAE, NYCTIBATRACHEIDAE and RANIXALEIDAE). Altogether,
these five apofamilies constitute an epifamily Ranoipae which has five parordinate epifamilies
(CONRAUOIDAE, ERICABATRACHOIDAE, MICRIXALOIDAE, PETROPEDETOIDAE and PYXICEPHALOIDAE).
Altogether these six epifamilies constitute a superfamily RanoipE4a which has two parordinate
superfamilies (ODONTOBATRACHOIDEA and PHRYNOBATRACHOIDEA). At this stage, we have reached the
nominal-series saturation for this set of taxa and the transition to the class-series must be effected, at the
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lowest rank needed to account for the next dichotomies above, and at this stage the three superfamilies
will have to constitute a hypophalanx EcAupaTa. However, the number of FS ranks between the ranks
family and superfamily is variable in this branch according to the subbranch: whereas it is three for the
RANIDAE, it is only two for the other four apofamilies, and one for the five other epifamilies. In this case,
the NS saturation is reached although some only of the three FS ranks above family are used.

2.4.5.1.4. Criterion [FPC]: the ‘Family-Series Precedence Criterion’

2.4.5.1.4.1. Statement of Criterion

“In any given suprafamilial cladonomy, whenever the other Criteria allow it, the nominal-
series allotment of the suprafamilial taxa should be made giving precedence to the FS over the CS,
and allotment to the CS should start only when all the available FS ranks above family have been
used (nominal-series saturation), at least in one branch of the ergotaxonomy.”

2.4.5.1.4.2. Rationale and use of this Criterion

This Criterion concerns the transition between the family-series and the class-series.

The Criteria that will be examined below allow to fix automatically, without recourse to subjective
decisions, to ‘consensus’ or ‘tradition’, the place of the rank family in the hierarchical taxonomy of any
zoological group. They also allow to fix the positions of most other ranks, but in some particular cases
there may exist a problem of allotment (as defined above under 2.4.2) of taxa to nominal-series. As we
have seen under Criterion [CHC], the situation here is different below and above the rank family.

{n1} Below the rank family and above the rank genus, a single nominal-series, the FS, is represented,
so there is never any problem of taxonominal series allotment of taxa, and the Criterion [CHC] is
sufficient to fix the ranks of taxa.

{n2} The situation is different above the rank family, because here two distinct nominal-series
must be distinguished, the FS and the CS, and we will need Criteria to know where the transition
between them occurs. This situation is complexified by the fact that, according to the Code, no FS rank
is allowed above superfamily. Even if, as suggested here, two additional optional ranks epifamily and
apofamily are implemented between family and superfamily, which is Code-compliant, the number of
FS ranks above family is much lower than that in the CS. In such conditions, two situations may occur
above family:

{n2a} In many cases, the implementation of the six Criteria [STC] to [NTC] below allows to
exclude any ambiguity, because the combination of upper quartile, sister-taxa, consistent-hierarchy
and mandatory rank allows to refer clearly all taxa between family and superfamily to a precise rank,
including, in some branches at least, epifamily and apofamily, and then, continuing the progression
upwards, there is no other possibility than to start using the class-series just above superfamily. In the
CS, there is no special requirement except that ranks must follow smoothly each other, without ignoring
some intermediate ranks.

{n2b} But it is not the case when the order contains much less taxonomic diversity. In such cases,
the numbers of suprafamilial ranks needed are much lower, and the transition between the FS and
the CS is not given automatically. In such cases, where should we put the transition? Or, in other
words, which Criterion should be used for the nominal-series allotment of these suprafamilial taxa? As
amply discussed above, no scientific Criterion would allow to decide in this respect, as ranks have no
biological or other meaning. However, two ‘practical’ arguments allow to make the case in favour of
one possibility: {n2b } the FS being regulated by the Code, the nomina in the three FS suprafamilial
ranks will be imposed by the regular Rules, and will not be liable to be challenged by authors who
would refuse to follow the DONS Ciriteria for CS nomenclature; {n2b,} more importantly, the FS being
submitted to the Principle of Coordination, using this nominal-series for three ranks would involve more
nomenclatural parsimony.
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2.4.5.1.4.3. Examples of use of this Criterion

{o2a} This situation was observed in the present work in the order ANURA. The suprafamilial
ergotaxonomy of all the 55 taxa of rank family that were imposed by the Criteria described here shows a
clear and smooth transition between the rank superfamily and the lowest CS rank (which is not the same
in different branches). In this order, all ranks from subtribe and superfamily, including epifamily and
apofamily, are used in a few branches, so that the transition to the CS is automatic when the progression
upwards continues. This is due to the fact that, the more there are species, genera and suprageneric taxa
in a group, the more suprafamilial and infraordinal ranks are needed (up to 12 in the present case), and
the more there are constraints on these ranks through the Criteria [STC] and [CHC]. In this order, there
is therefore no problem of nominal-series allotment of suprafamilial taxa.

{02b} The situation is different in the amphibian orders URODELA and GYMNOPHIONA.

In the salamanders, as in some branches there are up to 4 suprafamilial ranks, the three ranks
superfamily, epifamily and apofamily will not be sufficient for all the suprafamilial taxa and the recourse
to CS ranks will anyway have to be implemented. The four needed ranks could then be distributed in
four different ways between the two nominal-series FS and CS: respectively 3 and 1, or 2 and 1, or
1 and 2, or 0 and 4. In the present case, in the URODELA the three available FS suprafamilial ranks
superfamily, epifamily and apofamily are used above the taxa AMPHIUMIDAE, PLETHODONTIDAE and
RHYACOTRITONIDAE, which imposes the use of the 3 + 1 solution, with a single CS rank above superfamily
and below URODELA, namely suborder. According to the Criterion [STC], this rank will have to be
attributed to the three taxa subordinate to this order as they are part of an uresolved trichotomy.

Finally, in the caecilians, the number of suprafamilial taxa above the five families are only 1 or 2,
so that, according to the Criterion [FPC], they could all be allotted to the FS, at the ranks superfamily
and epifamily. But in this case, for sake of homogeneity with the other two orders which have suborders,
we decided to recognise two suborders in the GYMNOPHIONA, and then only the rank superfamily
above family in the FS. This is the only case in the whole CLAD where we did not follow ‘blindly’ our
a priori Criteria, and we concede that this decision can be rejected by others. They should then replace
our two suborders by two superfamilies (wWhose nomina CAECILIOIDEA and RHINATREMATOIDEA Will be
imposed by simple priority), and then dowgrade by one step the ranks of all other suprageneric taxa of
the order.

2.4.5.2. Criteria applying only or particularly to families

2.4.5.2.1. Criterion [UQC]: the ‘Upper Quartile Criterion’

2.4.5.2.1.1. Statement of Criterion

“In any given cladonomy, any UQ-nomen (family-series nomen designating a taxon considered
valid and having had a number of usages above the upper quartile of usages since 1758) must be
maintained as valid at the nomenclatural rank family, irrespective whether it is also used at other
superordinate or subordinate ranks”.

2.4.5.2.1.2. Rationale and use of this Criterion

This new device is the key Criterion of the [TCP].

As we have seen, because nomina are useful for the communication not only among taxonomists
but also between them and other biologists and even the whole society, it is important that ‘well-known’
nomina of higher taxa, especially at mandatory ranks (class, order, family), remain in use, even in a renewed
taxonomy resulting from new cladistic data. But this requirement does not exist for nomina that have been
seldom used. By ‘stability of use’, we understand long-term stability covering the whole history of the
taxonomy of the group since Linnaeus (1758a), or a really massive usage in a significant and recent part
of it (e.g., since 1950).

In order to measure this, in 2014 we surveyed 101 publications (followed by {Q} in our list of
references), from 1758 to 2014, presenting complete familial classifications of all extant amphibians or
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of at least of one of the three extant orders of the class (ANURA, GYMNOPHIONA, URODELA). In each
of these publications, we noted the nomina of all the families recognised as valid. We then distributed
these publications into five periods: 17961849 (starting with Batsch 1796, the first publication where
an available family nomen was proposed for amphibians), 1850—1899, 1900-1949, 1950-1999 and
20002014 (although this last period is shorter, it deserves to be considered separately, as it corresponds
to the expansion of the use of molecular cladistic works in amphibians). We then treated separately the
nomina in the three extant orders. For each order, we computed the frequency of use of each familial
nomen in each period among the works presenting a complete or subcomplete (e.g., missing the fossil
taxa) familial classification of the order, and then we averaged these frequencies over the five periods.
The results, presented in detail in Appendix A13.QUA, show that the average frequency of use of a
nomen over the five periods varied from 1.0 to 100 %. We then divided in each order the complete list
of familial nomina according to their usage in four equal parts (containing each one quarter of all these
nomina), and we decided that all the nomina with a number of citations in these works being above
the Upper (third) Quartile (UQ-nomina) should be considered ‘well-known’ for having been used
consistently during the two and half centuries of zoological nomenclature, or at least massively in the
recent periods, and that for this reason any ergotaxonomy of the group at stake should recognise one
family bearing each of these nomina. This threshold (upper quartile deliminating the most used quarter
of nomina, the Upper Quarter of nomina or UQN) is doubtless arbitrary, but its implementation as a
Criterion is fully automatic and objective. It can be implemented independently by all zoologists in any
country of the planet and, if the sample of publications is large enough (we suggest a minimum of 100),
it should result in the same list of nomina in all cases.

We think this arbitrary Criterion should be applied ‘blindly’, without any qualms, as if exceptions
are haphazardly tolerated the Criterion vanishes altogether. So, a nomen just above the threshold should
always be kept in the list, whereas a nomen just below it should not (which of course does not forbid its
use in the rank family if this is required by the other Criteria proposed here).

However, we suggest two exceptions in the implementation of this Criterion:

{p1} Even if it belongs in the upper quarter, a familial nomen should not be placed in the list of
‘mandatory valid family nomina’ if it does not appear in any of the publications analysed for the last
period (2000-2014). This is because the sudden disappearance of this well-known nomen in recent
publications calls attention to a drastic and significant change, due to either nomenclatural or taxonomic
reasons. Nomenclatural reasons may include the rejection of a nomen for being an invalid synonym
(this is the case here of CysTIGNATHIDAE) or for having been considered so in error (this is the case here
of ENGYSTOMATIDAE). Taxonomic reasons include a drastic change in the taxonomic status of a group
resulting from molecular surveys: this would apply for example to the nomen PSEuDIDAE, which was
long used as a valid familial nomen until it was found to apply to an aquatic specialised group of the
family HyrLipaE (Darst & Cannatella 2004) and then abandoned by all authors at the rank family (in this
case, although widely used in the past, this nomen is not part of the upper quarter, but even if it was it
should be rejected from the list for not having been used for a family after 1999).

{p2} Areverse exception, or more exactly tolerance, should be accepted for a nomen which, although
not being part of the Upper Quarter of usages over the period 1758-2014, has been used in 90 % or more
of the publications in the period 2000-2014, thus pointing to an almost universal acceptance of the use of
this nomen/taxon at the rank family in the most recent period. The acceptance of this tolerance, with the
data of Appendix A13.QUA, resulted in the incorporation in the set of UQ-nomina of three additional
nomina: MEGOPHRYIDAE (90.7 %), CRYPTOBRANCHIDAE (100 %) and RHYACOTRITONIDAE (100 %).

The implementation ofthis Criterion as the first step for the building of anew suprageneric cladonomy
is a guarantee of strong nomenclatural stability in zootaxonomy, which will be applauded by most
users of classifications who are not specialists of the zoological groups at stake. It will facilitate the
communication between taxonomists and non-taxonomists, whereas the recent permanent changes in
suprageneric zoological taxonomies tends to discourage non-specialists and to develop a bad image of
taxonomy and nomenclature in the biological community at large. Furthermore, as we will see below,
it does not impede in the least the implementation of drastic changes in classifications whenever
genuine discoveries or changes in phylogenetic hypotheses occur (e.g., the recent recognition of the
ODONTOBATRACHIDAE).
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2.4.5.2.1.3. Consequences of the use of this Criterion

Implementation of this Criterion in the three orders of extant amphibians provided the following
three lists of 36 FS nomina which, having in each order a number of usages above the upper quartile, or
above 90 % for the period 2000-2014 (marked [Q+] below), must apply at least to a family:

Order ANURA (24): BOMBINATORIDAE; BRACHYCEPHALIDAE; BUFONIDAE; CENTROLENIDAE; DENDROBATIDAE; DISCOGLOSSIDAE;
HELEOPHRYNIDAE; HEMIPHRACTIDAE; HEMISOTIDAE; HYLIDAE; HYPEROLIIDAE; LEIOPELMATIDAE; LEPTODACTYLIDAE; MEGOPHRYIDAE
[Q+]; MICROHYLIDAE; MYOBATRACHIDAE; PELOBATIDAE; PELODYTIDAE; PIPIDAE; RANIDAE; RHACOPHORIDAE; RHINODERMATIDAE;
RHINOPHRYNIDAE; SOOGLOSSIDAE.

Order GYMNOPHIONA (3): CAECILIIDAE; [CHTHYOPHIIDAE; RHINATREMATIDAE.

Order URODELA (9): AMBYSTOMATIDAE; AMPHIUMIDAE; CRYPTOBRANCHIDAE [Q+]; HYNOBIIDAE; PLETHODONTIDAE; PROTEIDAE;
RHYACOTRITONIDAE [Q+]; SALAMANDRIDAE; SIRENIDAE.

2.4.5.2.2. Criterion [STC]: the ‘Sister-Taxa Criterion’

2.4.5.2.2.1. Statement of Criterion

“In any given cladonomy, parordinate taxa (i.e., taxa that are considered sister-taxa according
to the cladistic hypothesis adopted) should always be attributed to the same nomenclatural
rank.”

2.4.5.2.2.2. Rationale and use of this Criterion

This Criterion applies to all pairs of taxa resulting from a dichotomy but also to all taxa involved in a
polytomy as long as their relationships are partially unresolved. Although very simple in its formulation,
and deriving directly from the basic principles of ‘phylogenetic taxonomy’, this Criterion is very rarely
used in recent taxonomic works. In fact, apart from the works of Lescure et al. (1986), Dubois (20055,
2006a) and Dubois & Raftaélli (2009, 2012), we are not aware of any comprehensive taxonomic work
dealing with the amphibians where it would have been consistently implemented. This has important
consequences on the taxonomic hierarchies used by most authors and in most revisionary works,
taxonomic and faunistic checklists and databases. Striking examples of ignorance of this Criterion can
be found in Bossuyt & Milinkovitch (2001), Frost ez al. (2006), Grant ef al. (2006), Zhang et al. (2008),
Van Bocxlaer et al. (2009), Blackburn & Wake (2011) or Vieites et al. (2011), as well as in many
other recent works. All these taxonomies fail to follow consistently this Criterion and qualify therefore
at least in part as ‘gradist’ and ‘pseudo-ranked’ because they afford higher ranks to some sister-taxa
than to others for mere reasons of ‘anagenetic divergence’ or ‘geological age’—or sometimes only of
‘tradition’, which is even less justifiable scientifically.

Although it applies at all ranks, the consequences of the Criterion [STC] are particularly important
regarding the use of the rank family in zoological nomenclature. Whereas the Criterion [UQC] requires
that in our taxonomy all the family-series UQ-nomina be used as valid at the rank family, it does not
state for which taxa. In some groups, when the hierarchy required by the structure of the phylogeny
counts few ranks, there is no choice and the rank family will apply to the only taxon of the FS that has
to be recognised. But in other cases, when the hierarchy is expanded, this nomen will apply to several
taxa at different ranks which all include its nucleogenus (e.g., RANOIDEA, RANIDAE, RANINAE, RANINI,
RANINA, which are all paronyms of the same FS nomen based on the GS nomen Rana). In such cases,
the Criterion [STC] requires that the paronym of rank family be attached to a taxon parordinate to a
familial UQ-nomen. This is because the rank family is crucial in the taxonomy of a group, and its use
i1s more informative if it is given to a taxon having a sister-taxon than to a taxon having none. As we
have seen, the fully expanded taxonomy presented here will be seldom mentioned, and many authors
will only mention the ranks which they view as ‘the most important’, like order, family and genus, and
sometimes superfamily and subfamily. So recognising taxonomically a dichotomy at the rank family is
more informative than having a redundancy here.

The first consequence of consistent use of the Criterion [STC] is therefore that all the taxa which
turn out to be, under the phylogeny adopted, sister-taxa of the families adopted under the Criterion
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[UQC], must also be recognised as families. The second consequence is that this also applies to their
getendotaxa (immediate subordinate taxa) and to their getangiotaxa (immediate superordinate taxa),
and step by step this applies to many taxa in the hierarchy. Thus, combined with the Criterion [UQC],
the application of the Criterion [STC] allows to fix the ranks of an important proportion of nomina in a
given ergotaxonomy.

In the present work, this Criterion was followed strictly for all suprageneric nomina/taxa, whatever
its consequences regarding ‘usage’ and ‘consensus’.

2.4.5.2.2.3. Examples of use of this Criterion

The following examples concern cases of taxa which, according to our data, require erection of a
taxon of higher rank to account for the fact that they are parordinate to taxa including numerous species
and supraspecific taxa.

As tackled above, the current treatment in the literature of the concept of genus is highly
heterogeneous. This is particularly striking in the cases where a ‘cladistically isolated’ species is found
to be parordinate to a well-supported branch containing several, or sometimes many, species. There
is no general treatment of this situation in the current generic ergotaxonomy of amphibians. In some
cases, the ‘external’ species is referred to its own monospecific genus and all the other ones to their
own genus, whereas in other cases they are incorporated into the same genus as the other ones. In
general, this difference of treatment reflects mostly ‘tradition’ but is not justified by any non-cladistic
Criterion, such as phenetic divergence or hypothesised geological age. In several cases in the present
work, in agreement with the diagnogenus concept mentioned above, we supported the recognition of a
distinct genus for the ‘external’ species when the latter can be easily diagnosed from the larger genus
by clear external morphological characters and/or occupancy of a distinct ecological niche, or even by
fully disjunct geographical distribution: this is the case for Leioaspetos vs. Leiopelma, Ammoryctis vs.
Alytes, Pelodytopsis vs. Pelodytes or Boreorana vs. Lithobates. The respective situations of the two
genera in each pair are similar to those of other pairs currently accepted by the international community
such as Latonia vs. Discoglossus, Blythophryne vs. Bufoides, Chaltenobatrachus vs. Atelognathus or
Urspelerpes vs. Eurycea.

The species Ceuthomantis smaragdina appears in TREE as the only sequenced representative of a
small group of six species in two genera that constitute one of the two branches resulting from a node
having a support of 100 %. In TREE, the sister-branch of this group includes 482 species in 29 genera
and 23 suprageneric taxa of AMPHIBIA. Nevertheless, despite their huge disparity, both branches should
be recognised as taxa of the same rank, i.e., family in this case (respectively CEUTHOMANTIDAE and
BRACHYCEPHALIDAE) to comply with the [STC].

Although it has been a long time since Laurent (19435) showed that the ‘traditional’ family
RHACOPHORIDAE was an arboreal specialised group of RanIDAE, long confused with the HYPEROLIIDAE,
and that the latter family occupies a similar situation relative to the ARTHROLEPTIDAE, both families
RHACOPHORIDAE and HYPEROLIIDAE have remained in use in taxonomic works since then and they are
now part of the upper quarter, so they should be stabilised at familial rank, and the same should apply to
the families RANIDAE and ARTHROLEPTIDAE. In contrast, this does not apply to the nomen MANTELLIDAE,
which has been used for a taxon of rank family only recently and not universally, and does not appear
in the upper quarter.

The two salamander genera Siren and Pseudobranchus are the only living representatives of one
of the three branches of a trichotomy. Although the other two branches include many more species,
genera and suprageneric taxa, the three branches must be attributed to the same rank, which in this case
is suborder to comply with the Criterion [STC].

2.4.5.2.2.4. Consequences of the use of this Criterion

Implementation of this Criterion in the three orders of extant amphibians provided the following
two lists of 17 FS nomina that, being parordinate with FS nomina above the upper quartile for each
order, must apply at least to a family (preceded below by the nomina of their sister-families between
square brackets, followed by —):
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Order ANURA (16): [BRACHYCEPHALIDAE —| CEUTHOMANTIDAE; [BUFONIDAE —] ODONTOPHRYNIDAE; [CENTROLENIDAE
—| ALLOPHRYNIDAE; [ DENDROBATIDAE —] AROMOBATIDAE; [ DISCOGLOSSIDAE —| ALYTIDAE; [HEMISOTIDAE —] BREVICIPITIDAE;
[HYLIDAE —] PHYLLOMEDUSIDAE;, [HYPEROLIIDAE —]| ARTHROLEPTIDAE; [LEIOPELMATIDAE —| ASCAPHIDAE; [ LEPTODACTYLIDAE
—| LEIUPERIDAE, PARATELMATOBIIDAE and PSEUDOPALUDICOLIDAE; [MICROHYLIDAE —] PHRYNOMERIDAE; [MYOBATRACHIDAE —|
CALYPTOCEPHALELLIDAE; [ RHINODERMATIDAE — | TELMATOBIIDAE; [SOOGLOSSIDAE — | NASIKABATRACHIDAE.

Order GYMNOPHIONA (1): [/CHTHYOPHIIDAE —] URAEOTYPHLIDAE.

The Criterion [STC] therefore allows to fix the ranks of 17 families additional to the 36 which had
been settled by the Criterion [UQC]. There remain then only 16 unsettled situations, which will be
settled by the following Criteria.

2.4.5.2.3. Criterion [CPC]: the ‘Conflict of Precedence Criterion’

2.4.5.2.3.1. Statement of Criterion

“In any given cladonomy, whenever a taxon that could be cladistically subordinate to a UQ-
nomen has nomenclatural precedence over it according to the Criterion [NPC], it should be raised
to the rank family as parordinate to the UQ-nomen at stake.”

2.4.5.2.3.2. Rationale and use of this Criterion

The Criteria that we devised to attribute the ranks to taxa in CLAD are not meant at replacing or
ignoring the basic Rules of the Code, in particular those of precedence among nomina for validity. They
must be compatible with them and respect them. Therefore, the fact that the Criterion [UQC] requires to
recognise a nomen as valid at the rank family cannot lead to affording it precedence over another nomen
which according to the Rules has nomenclatural precedence over it, but to accept both nomina as valid
at the rank family. This then requires to upgrade both of them as sister-taxa from a lower rank which
would be compatible with TREE up to the rank family, and then to adapt the ranks of taxa superordinate
and subordinate to them.

2.4.5.2.3.3. Consequences of the use of this Criterion

Five taxa were raised at the rank family in order to be parordinate to UQ-families as their nomina
had precedence over them (the latter are mentioned after them in the following list):

Order ANURA (4): ALYTIDAE (DISCOGLOSSIDAE); ARTHROLEPTIDAE (HYPEROLIIDAE); BREVICIPITIDAE (HEMISOTIDAE);
TELMATOBIIDAE (RHINODERMATIDAE).

Order URODELA (1): CRYPTOBRANCHIDAE (HYNOBIIIDAE).

2.4.5.2.4. Criterion [NRC]: the ‘Non-Redundancy Criterion’

2.4.5.2.4.1. Statement of Criterion

“In any given cladonomy, within a given nominal-series, redundant taxa, i.e., having the same
intension and extension as their immediate superordinate or subordinate taxon, should be avoided
if possible. If allowed by the data, subordinate taxa should be divided in two sister-taxa of the
same rank (see Criterion [STC]). This Criterion does not apply automatically to taxa belonging
to different nominal-series, if one of the ranks involved in the redundancy is one of the seven
mandatory ranks (see text and Criterion [MRC]). It applies to taxa of the rank family relatively to
their just superordinate taxon, except in the situation where this rank corresponds hierarchically
to an unresolved polytomy (see Criterion [NTC]).”
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2.4.5.2.4.2. Rationale and use of this Criterion

Under the taxonomic paradigm adopted here, the purpose of the use of ranks is not to carry any
message regarding the characters of the taxa, their ‘degree of anagenetic divergence’, their age or any
other biological or historical information. Ranks as we use them are useful only for two reasons: {ql}
to reflect the topology of TREE and in particular to identify sister-taxa; {q2} additionally, but mostly
in the case of the four mandatory ranks used in the present work (species, genus, family, order), to
facilitate storage and retrieval of taxonominal information. So, except in the latter case, there is no need
to recognise taxa at all ranks in all classifications. The only useful taxa and ranks in a given cladonomy
are those which correspond to well-supported dichotomies (or by default polytomies) in 7TREE. As
discussed already above in the case of the family RHINOPHRYNIDAE which contains a single genus
Rhinophrynus and a single species Rhinophrynus dorsalis, as long as no additional species or subspecies
of this group are recognised, there is no need to recognise redundant taxa like subfamily, tribe, subgenus
or subspecies. Applied to taxa, the term redundant is understood here strictly as meaning coordinated
taxa at different ranks sharing the same intension and extension.

This suggests that redundant taxa (and therefore ranks) should be banned from phylogenetic
taxonomy. But there is a limitation to this Criterion: it should apply only within nominal-series, not
between them, as if it were not the case it would be impossible to have monospecific genera, monogeneric
families or monofamilial orders, situations which are quite frequent and justified in zootaxonomy, and
accounted for in the next Criterion [MRC].

This Criterion has important consequences in several cases. It avoids the useless recognition of
redundant taxa and therefore results in nomenclatural and taxonomic parsimony (see Dubois 2006a—c,
2007a, 2008f). For example, if a rather isolated group (having no close relatives) is composed of two
sister-genera, according to the Criterion [NRC] it is not justified to erect for them two distinct families,
even if these genera have been cladistically separated ‘long ago’ or if they show a ‘strong anagenetic
divergence’. Such Criteria would be relevant only if nomenclatural ranks were taxonomic categories
and had the function to carry information on phenetic divergence or on the chronology of evolutionary
events but, if they are regarded as carrying only information on the structure of the tree, the two families
carry no additional information and are fully redundant with the genera.

Our cladonomy CLAD reflects our phylogenetic analysis TREE, which is based exclusively on
nucleic acid sequencing. For the purpose of completeness and information retrieval, we included the
all-fossil taxa of extant amphibians in CLAD, but, as stated above, their position there is not supported
by such molecular taxa, and we therefore consider it as only tentative. In consequence, we did not take
all-fossil taxa into account for the establishment of the ranks of taxa.

Therefore, the Criterion [NRC] forbids redundancy within one nominal-series, but allows it in some
cases between different nominal-series. In fact, the strength of tradition in taxonomy is very high, and
it may be predicted that, in some cases and possibly for some time only, some authors will prefer to
continue to use a well-known superordinate nomen in one nominal-series rather than (or in addition to)
a redundant superordinate nomen in the next higher nominal-series. Such perissonyms can be ‘tolerated’
for purposes of perpetuation of tradition but they are useless for pure reasons of communication about
the structure of the tree and are therefore not justified under the [TCP]. In such cases, to point to
this redundancy, we suggest that the nomen of the lowest redundant taxon be written between simple
straight quotation marks ('..."), and the corresponding taxon should be removed from the analysis if
the cladonomy is used to reconstruct the tree. Although we here point to its possibility, we did not
implement this awkward concession to ‘tradition’ in the present work.

2.4.5.2.4.3. Examples of use of this Criterion

As we have seen, the family CEUTHOMANTIDAE contains only two genera and six species, whereas
its sister-family BRACHYCEPHALIDAE contains more than 500 taxa. As we will see, in CLAD these two
families together make up the hypophalanx GAIANURA, parordinate to two other hypophalanges which
are required by the rest of TREE. It would be useless to recognise a superfamily BRACHYCEPHALOIDEA
for these two families, as it would be redundant with the hypophalanx, but if some authors prefer
superfamilial nomina, for example because, unlike class-series nomina, these nomina are fully regulated
by the Code, they should mention this nomen as ‘BRACHYCEPHALOIDEA’. At any rate, as long as it
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contains a single genus with a single undivided species, the family CEUTHOMANTIDAE should not have
subfamilies or tribes, and its single genus should not have subgenera. This is a common and basic
situation in zoological nomenclature, which does not require special comments here.

Nevertheless, consistent implementation of the Criterion [NRC] results in challenging some long
established traditions. A good example of this is the case of the salamander genera Ambystoma and
Dicamptodon, already mentioned above (2.2). In various recent works, these two genera are referred to
two distinct families, AMBYSTOMATIDAE and DICAMPTODONTIDAE, but this arrangement does not bring
any cladistic information additional to the distinction of two genera. The recognition of a single FS
taxon, the family AMBYSTOMATIDAE, for these two genera as well as five all-fossil genera for which we
have no molecular cladistic information, is enough to provide the information available. This family
should be divided in two subfamilies only if one of the three additional pieces of information became
available: {rl} erection of a third new genus of extant ambystomatid (based on an explicit genus
concept), resulting either {rla} from a splitting of the genus Ambystoma or of the genus Dicamptodon
in two or more distinct genera or {rlb} from genuine discovery of a new extant species sister to all other
members of one of these two genera; or {r2} obtention of reliable data allowing to refer the all-fossil
genera or at least one of them to the same branch as either Ambystoma or Dicamptodon. As long as this
is not the case, the two extant and five fossil genera should be referred to a single getangiotaxon, the
family AMBYSTOMATIDAE, sister to the SALAMANDRIDAE.

In most cases, redundancy between taxa referred to different nominal-series can be avoided by
suppressing one of the two redundant taxa. This will doubtless be seen by some authors as a problem,
even if they adopt our taxonomy, in the case of sister-families that together make up a class-series taxon,
and they may thus perpetuate the ‘tradition’ in this respect. For example, although unnecessary from
the viewpoint of the transcription of TREE into a taxonomic hierarchy, it is quite possible that some
taxonomists may wish to continue to use the superfamilial nomen Prpoipea for the taxon including
the two extant families PiriDAE and the RHINOPHRYNIDAE, as subordinate to the nomen of hypoordo
DORSIPARES, although both nomina DORSIPARES and PrroIDEA are redundant. In such cases, in order to
point to this imprecision, we suggest that the superfamilial nomen be written ' PIPOIDEA'.

2.4.5.2.4.4. Consequences of the use of this Criterion

This Criterion allowed to validate 17 family nomina in our work:

Eleven families were validated for being parordinate of UQ-families (the latter are mentioned after
them in the following list):

Order ANURA (9): ALLOPHRYNIDAE (CENTROLENIDAE); AROMOBATIDAE (DENDROBATIDAE); ASCAPHIDAE (LEIOPELMATIDAE);
CALYPTOCEPHALELLIDAE (MYOBATRACHIDAE), CEUTHOMANTIDAE (BRACHYCEPHALIDAE); NASIKABATRACHIDAE (SOOGLOSSIDAE);
ODONTOPHRYNIDAE (BUFONIDAE); PHRYNOMERIDAE (MICROHYLIDAE); PHYLLOMEDUSIDAE (HYLIDAE).

Order GYMNOPHIONA (2): SCOLECOMORPHIDAE (CAECILIIDAE); URAEOTYPHLIDAE (ICHTHYOPHIIDAE).

Three pairs of families were both validated by this Criterion [NRC]:

Order ANURA (6): ASTROBATRACHIDAE and NYCTIBATRACHIDAE; CACOSTERNIDAE and PYXICEPHALIDAE; DICROGLOSSIDAE and
OCCIDOZYGIDAE.

2.4.5.5.5. Criterion [MRC]: the ‘Mandatory Rank Criterion’

2.4.5.2.5.1. Statement of Criterion

“In any given cladonomy, all zoological species recognised as valid should be referred formally
(at least provisionally) to one taxon of the following mandatory taxonominal ranks: genus, family,
order, class, phylum and kingdom.”

2.4.5.2.5.2. Rationale and use of this Criterion

The rationale for this Criterion was explained above and is illustrated in Figure F1.MOR. According
to this Criterion, all terminal taxa (species or subspecies) recognised in any ergotaxonomy must be
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referred at least to four taxa attributed to the four mandatory ranks of the zootaxonomic hierarchy
concerned by the present work: species, genus, family and order. This can be put differently in stating
that, in any given taxonomic hierarchy to which a species is referred, there should always exist at least
one taxon at each of these four ranks, even if it has no known sister-taxon and even if this implies
nomenclatural redundancy with taxa in other nominal-series. So, it is unacceptable to have a genus or a
group of genera directly included in a taxon of rank order. A family must always be recognised between
the order and the genus/genera, even if this family is redundant with the order and/or the genus, i.e., if
it has the same intensional definition and the same taxonomic content (extension) as the latter. This is
required for purposes of information storage and retrieval in databases, not of cladistic information.

2.4.5.2.5.3. Examples of use of this Criterion

Among the frogs including the genus Pelobates, the Criterion [UQC] requires to recognise two
families, the PELOBATIDAE and PELODYTIDAE. These two families are not sister-taxa, the cladistic
relationships established by TREE among these frogs being as follows: (Scaphiopus)(Pelodytes
(Pelobates+Megophrys)). Climbing up TREE from the genera, the taxon including the genus
Pelobates must be recognised first as the family PELOBATIDAE, and its sister-taxon including the genus
Megophrys as the family MEGoPHRYIDAE. Together, the PELOBATIDAE and the MEGOPHRYIDAE make up
a superordinate taxon, the epifamily PELOBATOIDAE, parordinate to the PELODYTOIDAE which include
the single family PELODYTIDAE. Altogether, the PELOBATOIDAE and the PELODYTOIDAE constitute the
superfamily PELOBATOIDEA, which is sister to the ScapHIOPODOIDEA. This superfamily includes only
two extant genera, but these cannot be directly placed in the superfamily: a taxon Sc4APHIOPODIDAE at
the mandatory rank family must be recognised between the genera and the superfamily, despite being
fully redundant with the latter.

Note that in this case the Criterion [STC] requires to recognise an epifamily PELODYTOIDAE for the
single family PELODYTIDAE, but that there is no such requirement for the family ScapHrorobpIDAE, which
should be referred directly to the superfamily ScapHIOPODOIDEA, Without intermediate rank epifamily.
This case exemplifies the fact that the concept of ‘consistent-hierarchy’ does not imply necessarily that
all successive ranks be represented in all the branches of a tree.

2.4.5.2.5.4. Consequences of the use of this Criterion

Implementation of this Criterion in the three orders of extant amphibians provided the following list
of 17 FS nomina that need to apply at least to a family:

Order ANURA (17): CACOSTERNIDAE; CERATOBATRACHIDAE; CERATOPHRYIDAE, CONRAUIDAE, CYCLORAMPHIDAE;
DICROGLOSSIDAE; ~ ERICABATRACHIDAE;  MICRIXALIDAE;,  NYCTIBATRACHIDAE;  OCCIDOZYGIDAE, = ODONTOBATRACHIDAE;
PETROPEDETIDAE; PHRYNOBATRACHIDAE; PTYCHADENIDAE; PYXICEPHALIDAE; RANIXALIDAE; SCAPHIOPODIDAE.

2.4.5.2.6. Criterion [NTC]: the ‘Nomenclatural Thrift Criterion’

2.4.5.2.6.1. Statement of Criterion

“In any given cladonomy, whenever according to the data the rank family should be granted
to several taxa forming together an unresolved polytomy (more than two sister-taxa), a single
family should be provisionally recognised and the polytomy should be downgraded to the rank
subfamily.”

2.4.5.2.6.2. Rationale and use of this Criterion

The purpose of our work is to homogenise and clarify the hierarchical relationships between taxa
and nomina to make them compatible with our current cladistic hypotheses. But we are conscious that
the latter are labile and will change in the future, when more species have been collected, distinguished
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and sequenced and molecular data obtained for more complete genomes. Because out threshold Criteria
are quite demanding, we recognise nodes only when the support for them is robust and quite unlikely to
change easily. But in many cases our data do not allow complete resolution of the relationships among
closely related taxa.

In TREE, suprageneric nodes supported by our a priori threshold are of two kinds: ‘suprageneric’
and ‘infrageneric’ (or ‘intrageneric’) ones. Because of the absence of an explicit ‘genus concept’
followed consensually by current amphibian taxonomists, this distinction is largely arbitrary. As we
decided to comply with the current generic classifications of extant amphibians (with a few exceptions)
and with the non-recognition of subgenera by most recent authors (which derives in part from their
non-recognition in the database ASW <2020a>), we did not recognise taxonomically (and therefore
nomenclaturally) the well-supported nodes of the second kind. This is a provisional situation which will
hopefully be improved when more solid concepts and Criteria are adopted by the community for the
taxonomic category genus.

After exclusion of the nodes whose support is beyond our threshold, and of the nodes which are
considered as infrageneric, there remain 393 nodes in our 7REE (Table T13.NOD). Among them, 278 (70.7
%) are dichotomies and 115 (29.3 %) are polytomies (from trichotomies, with three branches, to enneatomies,
with nine branches). All these nodes are recognised as suprageneric taxa, and each of them includes at least
two genera. Besides, 214 suprageneric taxa are recognised for ‘achotomic’ branches, i.e. branches that
do not include any suprageneric dichotomy or polytomy but that are sister-branches to dichotomic or
polytomic branches. On the whole, therefore, 214 suprageneric taxa (35.3 %) include a single genus,
278 (45.8 %) include at least two subordinate suprageneric taxa and 115 (18.9 %) from three to nine
such taxa.

Except for dichotomies, the 115 polytomies mentioned above have vocation to be resolved in the
future, when more information is available. In order for CLAD to remain bijective, each resolution will
increase the number of ranks and therefore of taxa that will have to be recognised. A trichotomy with
three genera (A)(B)(C) requires the recognition of only one suprageneric taxon ABC, but its resolution
as ((A)(B))(C) requires the recognition of three suprageneric taxa, AB, C and ABC. Therefore, we
are confident that, except in cases where it will be shown that our 7REE included genuine errors (of
taxonomic identification of specimens or of sequencing, alignment or analysis), the number of taxa that
will have to be recognised in order to keep a bijective suprageneric taxonomy will increase as compared
to our scheme, and that most of the nomina of suprageneric taxa here recognised as valid will remain
s0, but at ranks which will be higher than those used here. This led us to introduce in this work 171 new
FS suprageneric extant taxa below the rank class (29.8 % of the total of 573 such taxa considered valid
in CLAD), as we expect them to remain valid, at least for taxonomists interested in having a completely
bijective cladonomy.

However, we followed a slightly differential approach in the case of families. This is because the
rank family is mandatory over the whole of animal taxonomy and will be used in many works, even
having no phylogenetic or taxonomic dimension, and in many databases. Therefore, we refrained from
coining new family nomina, or upgrading to the rank family nomina already available, in all the cases
where according to the nine Criteria above we should have had a polytomy at the rank family. All
polytomies at the rank family should be resolved in the shorter or longer term into several hierarchised
taxa: two families, each of which may include two subfamilies, each of which may include two tribes,
etc. Recognising all the branches of these polytomies as families would draw the attention to these
taxa and give them an undue importance, for example in the light of the Criterion [UQC], and we think
that in such cases it is better to wait. This approach called nomenclatural thrift (Dubois 2019) was
implemented here only in the cases of polytomies at the rank family but not at higher or lower ranks.

Therefore, in all cases of polytomies which, according to the structure of 7REE, should have been
recognised as families, we recognised provisionally a single family and we downgraded all the branches/
taxa of the polytomy at the rank subfamily. When research progresses, one of these subfamilial nomina
will be raised at family rank, except when fully new species are discovered which require the erection
of a new family as sister-taxon of that recognised in the present work.

Because of the Criterion [CPC], this procedure cannot be applied if the polytomy at rank family
includes a single taxon designated by a UQ-nomen that does not have nomenclatural precedence over
one of the other members of the polytomy, or if the polytomy involves two branches corresponding to
UQ-nomina or more. In such cases, all the members of the polytomy must be granted the rank family.
However, none of these situations occurred in CLAD.
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TABLE 13.NOD. Resolution of suprageneric polytomies among extant lissamphibian taxa in CLAD (all-

fossil taxa excluded).

1d, Identifier of rank or series of ranks. Abbreviations for higher taxa: A, ANURA; G, GYMNOPHIONA; U, URODELA; L,
LissamMPHIBIA (A + G + U + incertae sedis L). Categories of tomoidy: 1, Taxonomic achotomy (a single subordinate
genus); 2, Dichotomy (two subordinate taxa of next lower suprageneric rank); 3, Polytomy (three to nine subordinate
taxa of next lower suprageneric rank). Structure of information in each cell: Abbreviation of higher taxon; Number of
nomina of this rank in line [% of sum in line].

1d Rank 1 2 3 Total

B F.14. SUPERFAMILIA— A:4[12.9] A:22[71.0] A:5(16.1] A:31
F16. APOEAMILIA G:0[0] G:2[100] G: 0[0] G:2
U: 1[16.7] U: 5[83.3] U:01[0] U: 6

L:5[12.8] L: 29 [74.4] L:5[12.8] L:39

D F.18. SUBFAMILIA A:28[35.9] A:36[46.2] A:14[17.9] A:78
G:0[0] G:2[100] G: 0[0] G:
U: 2[28.6] U:4[57.1] U:1[14.3] u:
L: 30 [34.5] L: 42 [48.3] L: 15[17.2] L: 87

F F.20. SUBTRIBUS A:32[45.7] A: 27 [38.6] A: 11 [15.7] A: 70
G: 0[0] G: 3[75.0] G: 1[25.0] G: 4
U: 8 [44.4] U: 9 [50.0] U: 1[5.6] U: 18
L: 40 [43.5] L: 39 [42.4] L: 13 [14.1] L:92

H F22. HYPOTRIBUS A: 13[43.3] A:10[33.3] A:7[233] A:30
G: 2 [50.0] G: 2 [50.0] G: 0[0] G: 4
U: 4 [40.0] U: 1[10.0] U: 5 [50.0] U: 10
L: 19 [43.2] L: 13 [29.5] L: 12 [27.3] L: 44

J F.24. SUBCLANUS — A:26[52.0] A: 14 [28.0] A:10[20.0] A: 50
F27. CarocLanus G:0[0] G:0[0] G: 0[0] G: 0
U: 3[50.0] U: 3[50.0] U:0[0] U: 6
L:29 [41.1] L:17[23.5] L: 10 [35.3] L: 56
A-J TOTAL TAXA A: 179 [36.8] A:210[43.1] A:98[20.1] A: 487
C.03. SUBCLASSIS — G:6[21.4] G:20([71.4] G:2[7.1] G: 28
F27. CarocLanus U:29[31.9] U: 48 [52.7] U: 14[15.4] U: 91
L:214[35.3] L: 278 [45.8] L: 115[18.9] L: 607
A-J TOTAL NODES - A:210[68.2] A: 98 [31.8] A: 308
C.03. SUBCLASSIS — G:201[90.9] G:2[9.1] G:22
F27. CatocLanus U: 48 [77.4] U: 14 [22.6] U: 62
L:278[70.7] L: 115 [29.3] L:393
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2.4.5.2.6.3. Consequences of the use of this Criterion

This Criterion applies to four family nomina in our work, two of which are UQ-nomina.
Order ANURA (4): CERATOBATRACHIDAE; CYCLORAMPHIDAE; HEMIPHRACTIDAE [Q]; LEPTODACTYLIDAE [Q].

2.4.6. Implementation of the [TCP| and rank attribution of suprageneric taxa

The ten Criteria detailed above allow to fix the ranks in any given cladonomic hierarchy in an
objective and repeatable manner. Some of these Criteria, like the [UQC] or the [MRC], are doubtless
arbitrary, but if adopted by the community of taxonomists and used consistently, they would allow two
independent taxonomists, working in different places on the globe and having no contact with each
other, to come out with the same taxonomic hierarchy, the same taxa and the same nomina if they start
from the same tree, and this cladonomy could be transcribed automatically exactly into the same tree by
anyone despite having never seen this tree previously.

In order for this Ten Criteria Procedure to be fully clear to all readers, after a summary of the latter,
we detail below a few hypothetical and real (based on TREE) examples of their implementation in a few
different situations, and then on the use of the nomenclatural Rules reminded above.

2.4.6.1. A general summary of the Ten Criteria Procedure [TCP]

In order to be successful, the Ten Criteria Procedure of assignment of ranks to suprageneric taxa in
a given zoological group should follow a series of steps. Until a software is devised and made available
allowing an automation of this procedure, it has to be implemented ‘by hand’, which is quite heavy and
requires care and attention.

The first important point is that, in our proposed system, the ranks of suprageneric taxa cannot be
fixed separately. This fixation must be done altogether for all the suprageneric taxa recognised within
a zoological group in a given ergotaxonomy. Any change to this taxonomy required by new data, e.g.
through resolving polytomies or correcting errors (e.g. due to misidentification of voucher specimens),
must therefore imply, before its implementation, a re-examination of the whole taxonominal hierarchy.
The procedure then relies on three basic ‘feet” which are made possible by the concept of ‘mandatory
rank’: the procedure starts from the nomina/taxa attributed to three ‘fixed landmarks’, the mandatory
ranks {sl} genus and {s2} order, and {s3} the set of nomina fixed as valid by the Criterion [UQC] for
the mandatory rank family.

Regarding orders and genera, as explained above, in our work the attribution of extant amphibian
taxa to these two ranks is given by two a priori unchallenged (in the present work) facts, i.e. tradition (in
the case of the three orders) or current ‘consensus’, even if based on unclear and non-universal concepts
and Criteria (in the case of genera). The Ten Criteria Procedure allows to attribute automatically to
nomenclatural ranks all the taxa intermediate in the hierarchy between these two references, starting
with the rank family and processing from it both upwards and downwards. The taxonominal hierarchy
between these two references is composed in fact of two independent and successive hierarchies, in the
FS and in the CS. The transition between them does not occur always between the same ranks, depending
on the number of ranks implemented in each of them in each section of TREE. Let us call CS-branch
(class-series branch) any section of 7TREE below the rank order and above the rank superfamily, upper-
FS-branch (upper-family-series branch) any section of TREE below the lowest CS rank and above the
rank family, and lower-FS-branch (lower-family-series branch) any section of TREE below the rank
family rank and the rank genus. These three kinds of partial hierarchies can be designated collectively
as NS-branches (nominal-series branches).

In order to simplify the presentation below, although the concepts of node (phylogenetic dichotomy
or polytomy), taxon (classificatory unit) and nomen (label designating such a classificatory unit) are
distinct, for more simplicity they will often be designated collectively here by the expressions ‘node/
taxon’ or ‘taxon/nomen’ which mean ‘the node, the taxon designating it and the nomen applying to it’.

To apply this procedure, a number of data and Criteria must be available and respected.

{t1} Some of these steps are general and must be completed before starting the analysis itself:

{tla} Build up a database of all available genus-series (GS) nomina in the group studied, with their

NEW LISSAMPHIBIAN CLADONOMY Megataxa 005 (1) © 2021 Magnolia Press « 103



nucleospecies (‘type species’) and a database of all available family-series (FS) nomina in the group,
with their nucleogenera.

{t1b} Build up a database of all the FS nomina of the group ever used as valid at the rank family in
at least one of 100 published comprehensive classifications or more since 1758, count their respective
numbers of usages, sort them into four quarters and list those belonging in the upper quarter (UQ).

{tlc} Build up a TREE showing all the species involved in the cladistic analysis and all the well-
supported nodes according to a chosen a priori threshold value. Each of these nodes will be recognised
in CLAD as a suprageneric taxon, including subordinate nodes/taxa and terminal taxa (species).

{tld} Transcribe exactly the TREE into a cladonomic hierarchy CLAD of well-supported nodes, from
the rank genus upwards, which correspond to more and more inclusive suprageneric taxa recognised in
CLAD as valid, but at this stage have neither nomina nor ranks. For each of these nodes/taxa, at the end
of this procedure, all the parordinate taxa will have to be attributed to the same rank, but at this stage
this rank is not known.

Starting from this point, the following steps of the procedure should be followed. This includes 8
points {t2} that have to be followed in all situations, and three points {t3} that have to be applied only
in particular situations.

{t2a} Upper Quartile Criterion [UQC]J. Point among all the genera considered valid in this group
all the genera (or their synonyms) that are nucleospecies of UQ family-series nomina. The Criterion
[UQCT] requires that, at the end of this procedure, all these family-series nomina will be used as valid at
least for one taxon of rank family (and possibly for other subordinate and/or superordinate taxa), but it
does not tell us at this stage for which taxa.

{t2b} Upper Quartile Criterion [UQC]. 1dentify the pairs of UQ-taxa/nomina that appear parordinate
at some level in the taxonomic hierarchy of CLAD. At the end of this procedure, some of them will
remain parordinate, whereas others will not, if they must be referred to different superordinate taxa.

{t2c} Consistent Hierarchy Criterion [CHC], Sister-Taxa Criterion [STC] and Family-Series
Precedence Criterion [FPC]J. 1dentify the lowest ranked pair(s) (LRP) of parordinate UQ-taxa/nomina
at rank family, i.e. the one or those which in CLAD has/have the highest number of superordinate taxa/
nomina below order. This/these lowest ranked pair(s) of UQ-nomina will provide the upward hierarchy
of ranks superordinate to it/them used in CLAD: the suprafamilial FS ranks (in the upper-FS-branch)
should be fixed in order to saturate the FS (i.e., using the ranks apofamily, epifamily and superfamily) if
enough ranks are available, and then the hierarchy of CS ranks (in the CS-branch) should be implemented
if more ranks are needed.

{t2d} Sister-Taxa Criterion [STC], Non-Redundancy Criterion [NRC] and Upper Quartile
Criterion [UQC]. In each branch subordinate to a parordinate taxon/nomen resulting from {t2c}, the
rank family should be attributed to the highest ranked taxon and its parordinate taxon/a, except if the
[NTC] requires to attribute it to a lower ranked taxon.

{t3a} Nomenclatural Thrift Criterion [NTC]. Check that, in the nomenclature adopted following
the preceding Criteria, there does not exist any polytomy at the rank family. If such a polytomy exists,
recognise it taxonomically as a single family, even if this is contradictory with the [NRC] (i.e., if this
family is redundant with its superordinate super-, epi- or apofamily), and downgrade all the other
‘families’, and by way of consequence all their subordinate taxa, by one rank.

{t3b} Family-Series Precedence Criterion [FPC]. If there remain some unnamed taxa in CLAD,
name them and, if their allotment to the FS or CS is unclear, give precedence to the FS if this is
compatible with the other ranks in the hierarchy imposed by the previous steps of this procedure.

{t3c} Nomenclatural Precedence Criterion [NPC] and Conflict of Precedence Criterion [CPC].
Check that, in the nomenclature adopted following the preceding Criteria, the Code’s or DONS
Rules of nomenclatural precedence among nomina are respected, and if not correct the nomenclature
accordingly.

{t2e} Mandatory Rank Criterion [MRC]. Check that all species/terminal taxa are indeed referred to
a taxon of the rank family, and if it is missing implement it, even if it is redundant with a superordinate
taxon.

{t2f} Non-Redundancy Criterion [NRC]. Check that, in the taxonomic hierarchy now obtained,
there are no redundant taxa (i.e., taxa of different ranks having no parordinate taxa and having the same
intension and extension) within the same nominal-series (FS or CS). If such redundant taxa/nomina
exist, delete them, except those that are attributed through the implementation of the [NTC] or of the
[MRC].
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{t2g} Consistent Hierarchy Criterion [CHC]. Proceed similarly for the downward hierarchies
below each taxon/nomen fixed at the rank family in {t2b}, {t2d}, {t2e} and {t3} and below each of
their parordinate taxon/nomen.

{t2h} Consistent Naming Criterion [CNC]. Check that all nodes/taxa in TREE have been allocated
a nomen and attributed a rank, and that the hierarchy of ranks is consistent, with all parordinate taxa
sharing the same rank. If this is not the case, go back step by step in the procedure until the source of the
error has been found and corrected.

Theoretical and real examples will allow to illustrate this procedure and point to some of its possible
traps.

2.4.6.2. Theoretical examples

Let us start with two examples based on two hypothetical partial trees shown in Figures F4. TCP-1
and F5.TCP-2. Both concern 22 genera and show only well-supported nodes according to our threshold.
The hypothesised phylogenetic relationships are the same in the upper part of both examples (genera G1
to G10), so that the taxa and the taxonomic hierarchies in this part are also the same in both cases, but
they are different in the lower part (genera G11 to G22). These examples illustrate the importance of the
Ten Criteria Procedure, and particularly in this case of the Upper Quartile, Sister-taxa and Nomenclatural
Thrift Criteria, in fixing the ranks of taxa.

2.4.6.2.1. Example T1

This case is shown in the partial tree of Figure F4.TCP-1. The following steps allow to attribute
ranks and allocate nomina to all the nodes/taxa of this partial tree between the 22 genera G1 to G22 and
the order MO1.

{t2a} In TCP-1, four FS nomina QF1, QF2, QF3 and QF4, based respectively on the nucleogenera
Gl, G5, G11 and G16, belong in the Upper Quarter of usages. These four UQ- nomina must therefore
be allocated to four taxa attributed to the rank family, and possibly to others if required by the Principle
of Coordination.

{t2b} Among the sister-taxa relationships shown in Figure F4.TCP-1, two involve pairs of
parordinate UQ-taxa/nomina: QF1 and QF2, and QF3 and QF4. The family QF1 is therefore defined as
including G1-G3 and its sister-family QF2 as including G4—G6. The family QF3 is defined as including
G11-G15 and its sister-family QF4 as including the single genus G16.

{t2c} There are five infraordinal ranks above the pair QF1 and QF2 whereas there are only four
above QF3 and QF4. Therefore, according to the [FPC], the taxonominal hierarchy above the first of
these two pairs provides the family-series saturation: the taxa/nomina at the five ranks between these
two families and the order MO1 are fixed first at the three suprafamilial ranks in the FS (HA1, HE1 and
HP1) and then in the CS (HI1 and HU1). This applies also to their parordinate taxa/nomina (SA2, SE2
and SP2 in the FS; SI2 and SU2 in the CS).

{t2d} The families QF3 and QF4 are subordinate to four infraordinate taxa. In this hierarchy, the
ranks HU1, HI1 and SP2 are imposed by the hierarchy above the pair of families QF3-QF4. Therefore,
the taxon below the superfamily SP2 and above the families QF3 and QF4 must be attributed to the rank
epifamily (see Table T2.SEQ) as DE3, and this also applies to its sister-taxon SE4, including the genera
G17 and G18.

{t3a} This step has been respected.

{t3b} to {t3c} These steps are irrelevant here.

{t2e} So far, the genera G7-G10 and G17-G22 have not been referred to any taxon at family rank.
According to the [MRC], six additional families should be recognised for these 10 genera. Two of them,
DF5 and DF6, are sister-families, but the other four, MF7, MF8, MF9 and MF10 have no sister-families.
They must nevertheless be recognised, although they are redundant with their immediate superordinate
taxa which belong for the first two of them in the same nominal-series (the FS), and for the other two in
a different nominal-series (the CS).

{t2f} There are only two redundant taxa within the FS in this cladonomy, MF7 and MFS, and both
are imposed by the [MRC].
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FIGURE 4. TCP-1. The Ten Criteria Procedure. Example T1.

Meaning of letters in identifiers for nomina/taxa:

Two-letter identifiers: First of two letters (using the Ten Criteria Procedure for the rank attribution of the nomen/taxon): D,
downward hierarchy; H, upward hierarchy; M, mandatory rank; Q, upper quartile; S, sister-taxon.

Second of two letters (rank attributed to nomen/taxon through the Criteria [CHC], [STC] and [MRC]): A, apofamilia; B,
subfamilia, E, epifamilia; F, familia; I, infraordo; O, ordo; P, superfamilia; R, subtribus; T, tribus; U, subordo. Colours
for families: red, nomen attributed to this rank through the Upper Quartile Criterion; green, nomen attributed to this
rank through downward hierarchy; violet: nomen attributed to this rank through the Mandatory Rank Criterion.

Single letter identifiers (rank of nomen/taxon): G, genus.

Generic identifiers in red refer to genera which are nucleospecies of family-series nomina belonging in the Upper Quarter
of usages.

{t2g} The downward hierarchy requires to recognise the subordinate taxa DB1 to DB6, and DT1
and DT2.

{t2h} This step has been respected.

In conclusion, this case is quite simple and straightforward, as the ranks of all the suprageneric nodes/
taxa derive automatically, through parordination, superordination or subordination, from four pieces of
information, the fact that the nomina QF1, QF2, QF3 and QF4 are part of the Upper Quarter of usages.
Additionally, in this case two family taxa/nomina are redundant with their immediate superordinate
FS taxa. As a consequence, the cladonomy derived from this information requires the recognition of
10 families in this partial tree. Note that this conclusion derives only from the implementation of the a
priori Criteria defined above, and did not indulge any subjective decision.

2.4.6.2.2. Example T2

This case is shown in the partial tree F.TCP-2. The following steps allow to attribute ranks and allocate
nomina to all the nodes/taxa of this partial tree between the 22 genera G1 to G22 and the order MO1.
Contrary to the preceding, this example applies the Nomenclatural Thrift criterion [NTC].

{t2a} In TCP-2, two FS nomina QF1 and QF2, based respectively on the nucleogenera G1 and G5,
belong in the Upper Quarter of usages. These two UQ-taxa/nomina must therefore be attributed to two taxa
attributed to the rank family, and possibly to others if required by the Principle of Coordination.
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FIGURE 5. TCP-2. The Ten Criteria Procedure. Example T2.

Meaning of letters in identifiers for nomina/taxa:

Two letter identifiers: First of two letters (using the Ten Criteria Procedure for the rank attribution of the nomen/taxon): D,
downward hierarchy; H, upward hierarchy; M, mandatory rank; N, nomenclatural thrift; Q, upper quartile; S, sister-
taxon.

Second of two letters (rank attributed to nomen/taxon through the Criteria [CHC], [STC] and [MRC]): A, apofamilia; B,
subfamilia, E, epifamilia; F, familia; I, infraordo; O, ordo; P, superfamilia; R, subtribus; T, tribus; U, subordo.

Colours for families: red, nomen attributed to this rank through the Upper Quartile Criterion; green, nomen attributed to this
rank through downward hierarchy; orange: nomen attributed to this rank through the Nomenclatural Thrift Criterion;
violet: nomen attributed to this rank through the Mandatory Rank Criterion.

Single letter identifiers (rank of nomen/taxon): G, genus.

Generic identifiers in red refer to genera which are nucleospecies of family-series nomina belonging in the Upper Quarter
of usages.

{t2b} Among the sister-taxa relationships shown in Figure FS.TCP-2, a single one involves UQ-
nomina as parordinate, QF1-QF2. The family QF1 is defined as including G1-G3 and its sister-family
QF2 as including G4-G6.

{t2c} There are four infraordinal ranks above the pair QF1-QF2. Therefore, according to the [FPC],
the taxonominal hierarchy above this pair provides the family-series saturation: the taxa/nomina at the
four ranks between these two families and the order MO1 are fixed first at the three suprafamilial ranks
in the FS (HA1, HEI and HP1) and then in the CS (HU1). This applies also to their parordinate nomina/
taxa (SA2, SE2 and SP2 in the FS; SU2 in the CS).

{t2d} At this stage, there remain four main branches for which the position of the rank family has
not been fixed: SA2, SE2, SP2 and SU2. No UQ-nomen is available for any of them. The first of these
four branches, SP2, includes a dichotomy, one branch of which also includes a dichotomy: the first
dichotomy corresponds to the highest ranked taxa subordinate to SA2 and should be taxonomically
recognised as a pair of families DF3-DF4. Two other branches include only one genus (G10) or two
genera (G21 and G22), but no node/taxon that could be attributed to the family-series: they will be
discussed further below. The fourth branch is more complex, as it consists in a tetratomy and includes
10 genera G11-G20. According to the ‘normal’ situation in {t2d}, the four branches of this tetratomy,
which are the highest ranked taxa in the superfamily SP2, should be attributed to the rank family, but
this is hindered by the [NTC].

{t3a} As the tetratomy under SP2 is not resolved, the Nomenclatural Thrift Criterion requires to
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downgrade its four branches at the subfamily level as DB5 to DB8 and to recognise above them a single
family NF5, despite the fact that it is redundant within the family-series with the superfamily SP2.

{t3b} This step is irrelevant here.

{t3c} This step cannot be but irrelevant here as we did not take into account the publication dates
of the FS nomina in this hypothetical example.

{t2e} This step has been respected.

{t2f} So far, the genera G10, and G21 and G22 have not been allocated to any taxon at family rank.
According to the [MRC], two families MF6 and MF7 should therefore be recognised, although they are
redundant with their immediate superordinate taxa which belong for the first in the same nominal-series
(the family-series), and for the other one in a different nominal-series (the class-series).

{t2g} The downward hierarchy requires to recognise the subordinate taxa DB1 to DB4, and DT1 to
DT4.

{t2h} This step has been respected.

Although this case is a bit more complex than the preceding, it is also straightforward, as the
ranks of all the suprageneric nodes/taxa derive automatically, through parordination, superordination
or subordination, from two pieces of information, the fact that the nomina QF1 and QF2 are part of the
upper quartile. Additionally, in this case a family is erected for a polytomy which should ‘normally’
have been taxonominally accounted for by four parordinate families, the latter being downgraded at
the rank subfamily. This family, as well as another one including a single genus, is redundant within
the family-series with its immediate superordinate taxon. In conclusion, the cladonomy derived from
this information and these Criteria requires the recognition of 7 families in this partial tree. Here also
this conclusion derives only from the implementation of the a priori Criteria defined above, and did not
imply any arbitrary decision.

2.4.6.3. Real examples

2.4.6.3.1. Example R1: the taxonominal hierarchy in the three orders of extant LISSAMPHIBIA

As we have seen above, the number of ranks is often quite dissimilar in different parts of a tree.
According to the Ten Criteria Procedure, the nominal-series and the names of these ranks are determined
by the maximum number of suprafamilial and infraordinal ranks between the rank order and the rank
family. Therefore, under the [TCP] Criteria the taxonominal hierarchy will have to be fixed independently
in each zoological order.

In the subclass LissAMPHIBIA, excluding the all-fossil ALLOCAUDATA whose position in 7TREE
and rank are unclear, we recognise three orders including extant species: the ANURA, URODELA and
GYMNOPHIONA. Let us consider them successfully.

{ul} Example R1a: order ANURA. In this order, a careful survey of TREE and CLAD allows to find
that the lowest ranked pair (LRP) of parordinate UQ-taxa/nomina fixed at rank family by the [UQC]
is the pair RANIDAE-RHACOPHORIDAE. This pair has 11 superordinate taxa below the rank order, which
is the highest number in this order. According to the Family-Series Precedence Criterion [FPC] step
and the Criterion {t2c} above, this pair will allow to fix the upward hierarchy of ranks superordinate to
it. This hierarchy starts in the upper-FS-branch with the three ranks apofamily (RANEIDAE), epifamily
(RaNoOIDAE) and superfamily (RANOIDEA), which saturates the family-series, and then follows with eight
ranks in the CS-branch, from infraphalanx (ECAUDATA) to suborder (HYDROBATRACHIA). Starting from
this hierarchy and using first the Sister-Taxa Criterion and then all the other Criteria of the [TCP], the
ranks of all other taxa of ANURA derive unambiguously. For example, if we consider the lower-FS-
rank between the rank familia (RANIDAE) and the rank genus (Rana), the structure of TREE requires
to have eight ranks, from subfamilia RANINAE to infraclanus RaniToEs. Therefore the [FPC] is a very
parsimonious and powerful Criterion to fix automatically the taxonominal hierarchy in an order.

The same result could have been obtained differently, starting from the genera rather than the pair of
families. The generic nomen Rana Linnaeus, 1758 is the nucleogenus of the family UQ-nomen RANIDAE
Batsch, 1796. Therefore, CLAD has to include a family Ranipag. Climbing up CLAD above Rana leads
then first to a series of taxa including this genus and therefore potentially bearing the nomen RANIDAE
under another paronym at a higher rank, then to the UQ-nomen RHACOPHORIDAE, based on Rhacophorus
Kuhl & van Hasselt, 1822. Both RANIDAE and RHACOPHORIDAE, being UQ-nomina, must be recognised
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as parordinate families, so the common taxon that will include them both will have to be at a higher rank.
Above the rank family, to account for all well-supported nodes in TREE we need 11 ranks below order:
three in the FS above family, the FS ranks being then saturated, and eight in the CS, from infraphalanx
to suborder. Below the rank family, we need eight suprageneric ranks. Therefore, altogether, to fix
unambiguously the place of Rana in CLAD, we need to use 22 of the 23 suprageneric ranks that are
employed here in the subclassis LissamPHIBIA including all extant amphibians.

{u2} Example R1b: order URODELA. The same methodology can be used in this order, where it
is much quicker, as the number of genera involved is much lower. In this case, the lowest ranked pair
(LRP) of parordinate UQ-taxa/nomina fixed at rank family by the [UQC] is the pair AMPHIUMIDAE-
PLETHODONTIDAE. This pair has only 4 superordinate taxa below the rank order, which is the highest
number in this order. In order to saturate the family-series, from this pair the hierarchy starts in the upper-
FS-branch with the three ranks apofamily (AMPHIUMEIDAE), epifamily (AMPHIUMOIDAE) and superfamily
(AmPHIUMOIDEA), and then we only need one rank in the CS-branch, suborder (PSEUDOSAURIA). These
four ranks will therefore be the only suprafamilial ranks used in the URODELA.

{u3} Example Rlc: order GyMNOPHIONA. Finally, if we turn to this order, the number of genera
and suprageneric taxa is still much lower. In this order, only three FS-nomina belong in the Upper
Quarter: the CAECILIIDAE, ICHTHYOPHIDAE and RHINATREMATIDAE. Among them, the lowest ranked pair
1S CAECILIIDAE-ICHTHYOPHIDAE. If we relied on this pair as above, as the starting point for fixing the
taxonominal hierarchy in this order, we would need to use only one rank, superfamily, above family
in this order, with a superfamily RHINATREMATOIDEA including a single family RHINATREMATIDAE and a
superfamily CAEcILIOIDEA with two families CAECILIIDAE and IcHTHYOPHIIDAE. This would not bother
us much, but we are aware that most taxonomists have an immoderate fondness for ‘taxonomic stability’,
a non-scientific concept, and would probably be very ‘shocked’ by a move from 10 families of caecilians
as advocated by San Mauro ef al. (2014) to three families! For this reason, we decided to derogate, at
least provisionally, from our general Criteria in this case, and to recognise for the time being five families
within this order. For this to be possible, it is necessary to add one ‘superfluous’ rank to the taxonominal
hierarchy in this order, and, by symmetry with the other two orders, we recognised two suborders in the
latter. Then, we have one suborder with a single family and a second suborder with two superfamilies
including two families each, which allows to respect the [UQC].

2.4.6.3.2. Example R2: genera Telmatobius and Rhinoderma

The nomen RHINODERMATIDAE Bonaparte, 1850, based on the genus Rhinoderma Duméril & Bibron,
1841, being part of the UQN, a family must bear this nomen. Climbing up TREE above this genus leads
first to the nomen TELMATOBIIDAE Fitzinger, 1843, based on Telmatobius Wiegmann, 1834, which would
have nomenclatural priority if Rhinoderma and Telmatobius were placed in the same family. To comply
with the Criterion [CPC], we must recognise a family TELMATOBIIDAE, parordinate to RHINODERMATIDAE.
To respect sister-taxa relationships, they both constitute the apofamily TELmMATOBIEIDAE, Which is part
of the epifamily TELMaTOBIOIDAE, and the latter of the superfamily CERATOPHRYOIDEA. The latter has
four parordinate superfamilies, and together they constitute a taxon which has to be in the class-series
as FS nomenclatural saturation has been reached in this branch: this turns out to be the hypophalanx
HYLOBATRACHIA.

2.4.6.3.3. Example R3: genus Epidalea

The genus Epidalea Cope, 1864 belongs in the UQ-family BuronipaE which is part of the superfamily
BuroNoIDEA, one of the five branches that make up the hypophalanx HYLOBATRACHIA and for which
the rank superfamily is required because of FS rank saturation in one of them, the CERATOPHRYNOIDEA.
Therefore, the upward subordinal hierarchy above BuFoNIDAE includes ten ranks, nine CS ranks (from
hypophalanx to suborder) and one FS rank (superfamily).

Below BuroNIDAE, the hierarchical placement of the genus Epidalea (as well as of 11 other genera)
requires nine ranks (from subfamily to hypoclanus).

Therefore, the unambiguous hierarchical placement of the genus Epidalea requires 21 of the 23 of
the suprageneric ranks that we use here below the rank suclassis.
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2.4.6.3.4. Example R4: genus Cycloramphus

This genus is part of a taxon for which the first available nomen is CycLORAMPHIDAE Bonaparte,
1850, which belongs in the UQN, and which has four sister-taxa. Altogether, these five taxa make up a
group which is parordinate to the apofamily TELMATOBIEIDAE mentioned above and must therefore be
known as the apofamily CycLoramPHEIDAE. Following the Criterion [NTC] requires to recognise in this
apofamily a single family CycLoramPHIDAE, with five subfamilies, despite the fact that this makes the
apofamily and the family nomina redundant. The present solution is provisional and will last only until
the cladonomic relationships within this group are better resolved, allowing to have only two families
in this apofamily.

As shown by Dubois (1984b), the first nomen available for the family including the genus
Cycloramphus Tschudi, 1838 is CycLORHAMPHINA Bonaparte, 1850, based on Cyclorhamphus Agassiz,
1847, an unjustified emendation of Cycloramphus Tschudi, 1838, whereas the spelling based on
Cycloramphus appeared only later, in Bonaparte (1852). However, the spelling CYCLORAMPHIDAE must
be preserved, and credited (misleadingly) to Bonaparte (1850) where it did not appear, by virtue of
Article 35.4.1, whose pertinence is questionable (Dubois 2010a).

2.4.6.3.5. Example RS5: genus Polypedates

The first superordinate FS taxon/nomen of Polypedates Tschudi, 1838 among the UQN is
RHACOPHORIDAE, so the implementation of the ranks here is parallel to that of examples R1a and R1b
above, however with a small but significant and noteworthy difference, which is not due to the Criterion
[FPC] but to the nomenclatural Rules of the Code.

The first family-series nomenclaturally available for this genus is PoLyPEDATIDAE Glinther, 1858,
but this nomen was invalidated before 1961 by usage of Article 40.2 in order to validate the ‘well-
known’ (in fact, then mostly by a few specialists) nomen RHACOPHORIDAE Hoffman, 1932, so that
according to the Code the latter nomen should be known as RHacopHORIDAE Hoftman, 1932 (1858).

In the meantime however, the genus Polypedates Tschudi, 1838 was revalidated as applying to
a genus distinct from Rhacophorus Kuhl & Van Hasselt, 1822. Today, the nomen RHACOPHORIDAE
must therefore be used at all ranks for taxa that include both Rhacophorus and Polypedates. In CLAD,
following the Principle of Coordination it applies to 7 taxa, from familia RHACOPHORIDAE to subclanus
RHACOPHORITIES.

However, the situation is different regarding the two taxa that include Polypedates but exclude
Rhacophorus, at ranks subclanus and infraclanus. Article 40.2.1 reads: “A name maintained by virtue
of this Article retains its own author but takes the priority of the replaced name, of which it is deemed
to be the senior synonym.” Taking strictly these words would lead to strange consequences: in this case
the family and all its endotaxa including the genus Rhacophorus would bear paronyms based on the
genus Rhacophorus, dated 1858, but no taxon including the genus Polypedates could bear a FS nomen
based on Polypedates, even if it excludes Rhacophorus. In fact, at low taxonomic levels, the nomina
RHACOPHORIDAE and POLYPEDATIDAE cannot be synonyms when they apply to taxa mutually exclusive
regarding their nucleogenera. Solving this nomenclatural problem would require to establish a new FS
nomen. This would be possible on the basis of the genus nomen 7aruga Meegaskumbura et al., 2010,
although a nomen based on Polypedates already exists. This would clearly not be a good solution in
terms of nomenclatural parsimony.

We think this Article, which is already problematic for other reasons (Dubois 2010a) should
be reworded or even better suppressed from the Code, as Article 23.9 on Reversal of precedence is
sufficient to solve problems of this kind when they arise. In the meantime, we consider that these
two nomina cannot be synonyms in this situation and we recognise two subclans POLYPEDATITIES and
RHACOPHORITIES, and an infraclan POLYPEDATITOES.

2.4.6.3.6. Example R6: genus Odontobatrachus

This case is much simpler than the preceding ones. According to TREE, this genus is parordinate to two
other taxa, the genus Phrynobatrachus and the large taxon for which it was shown above that the proper
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rank and nomen were superfamily RANOIDEA. Therefore, two more superfamilies PHRYNOBATRACHOIDEA
and ODONTOBATRACHOIDEA must be recognised. Each of them contains a single family, and the latter
are indeed redundant, in this case, with both the superfamily and the genus, but these families should
be recognised to comply with the Criterion [MRC]. Discrepancies in the number of subordinate taxa
in the three superfamilies mentioned here reflect quite accurately the different structures of TREE in its
different parts, so they are phylogenetically informative and not random or arbitrary and they should be
recognised taxonomically, as provided by the Criterion [STC].

2.4.6.3.7. Example R7: genus Litoria

The first FS nomen available above the generic nomen Litoria Tschudi, 1838 is PELoBII Fitzinger,
1843, which is invalid for being based on the generic nomen Pelobius Fitzinger, 1843, an invalid junior
homonym (Dubois 1984bh; Dubois & Frétey 2016). The next available FS nomen for this genus is
PELODRYADIDAE Glinther, 1859, a junior synonym of PHYLLOMEDUSIDAE Giinther, 1858. None of the
latter nomina is part of the UQN. The sister-taxon of this family is HyLipae Rafinesque, 1815, which
belongs in the UQN, therefore both taxa should be recognised as families by virtue of the Criterion
[STC]. Treating the PHYLLOMEDUSIDAE as a subfamily of the HyLipaE would make the latter redundant
relative to the superfamily HyrLorpea, which has four parordinate superfamilies, and this should be
avoided according to the Criterion [NRC].

The nomen PELODRYADIDAE, here retained as valid but at the rank subfamily, is based on the generic
nomen Pelodryas Giinther, 1858, which is currently considered as a doxisonym of Ranoidea Tschudi,
1838 (Dubois & Frétey 2016). According to Article 40.1, the fact that Pelodryas is currently considered
as an invalid junior synonym of another valid generic nomen has no impact on the validity of the FS
nomen, as the latter was not replaced before 1961, contrary to the situation in the example RS above.

2.4.6.3.8. Example R8: genera Alytes, Bombina and Discoglossus

In the examples mentioned above, starting from the genus and moving upwards in the taxonominal
hierarchy always led to a point where we encountered a FS nomen being part of the UQN. But this is
not always the case, as the following example will show.

The getangiotaxon Ala of the genus Alytes Wagler, 1829 is parordinate to a taxon Alb
accommodating the genera Discoglossus Otth, 1837 and Latonia Meyer, 1845. Both taxa Ala and Alb
constitute the taxon A2a which is parordinate to A2b, that contains the genera Barbourula Taylor &
Noble, 1924 and Bombina Oken, 1816. Three FS nomina can be used for these taxa (see Dubois 1987¢):
ALyTAE Fitzinger, 1843; BoMBINATORINA Gray, 1825; and DiscoGLossipAE Glinther, 1858. The last two
belonging in the UQN, they must be recognised at the rank family. One could a priori consider the
possibility to use the nomen DiscoGLOSSIDAE either for A1b or for A2a, but in the latter case it could not
be kept at the rank family because the nomen ALyTiDAE has nomenclatural priority upon it. Therefore,
A1b must be DrscoGLosSSIDAE to comply with the Criteria [STC], [NPC] and [CPC]. ALYTIDAE then
applies to Ala, ALYyTOIDEA to A2a and BOMBINATOROIDEA to its parordinate superfamily, with a single
family BoMBINATORIDAE imposed by the Criterion [MRC] despite being redundant. This example
shows that: {v1} to follow strictly the Criterion [STC], one has also to pay attention to nomenclatural
priority among nomina, which sometimes precludes the use of some possible taxonominal solutions
(this is similar to example R2 above); {v2} at any rate, in all cases even the position in the hierarchy
of the families whose nomina are not among the UQN is fixed automatically by the application of the
Criterion [CPC]. In this case, the position of the DiscoGLossSIDAE is fixed by the Criterion [UQC],
that of the ALyTIDAE by the Criteria [STC], [NPC] and [CPC], and that of the BOMBINATORIDAE by the
Criteria [UQC] and [MRC].

2.4.6.3.9. Example R9: genera Ambystoma and_Dicamptodon

The family nomina AMBYSTOMATIDAE and SALAMANDRIDAE both belong in the UQN and, according
to the structure of TREE and CLAD, must therefore be used at family rank to designate sister-taxa. The
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family SazamMaNDRIDAE includes more than 20 genera and has a rather complex taxonomic structure,
but the family AMBYSTOMATIDAE includes only two extant genera Ambystoma and Dicamptodon and
five all-fossil genera, the status of which is still uncertain. As explained above, in the present work
the taxonominal hierarchy is fixed only on the basis of the extant taxa, and does not take the all-fossil
ones into account. The Consistent Naming Criterion [CNC] contains the following precision: “for two
branches to be taxonomically recognised, one of them at least must include more than one supraspecific
subtaxon (i.e., of rank genus or above)”. This is not the case here and, as long as no third extant genus
is cladistically supported and taxonomically recognised in this family, the latter should include no
subfamily but only these two sister-genera.

2.4.6.3.10. A few other examples and comments

As mentioned above, the family rank plays a crucial role in our system because it is mandatory.
A cladonomy will be more informative if as many families as possible have parordinate families. This
imposes sometimes to recognise at the same rank family some sister-taxa which are highly unbalanced
in terms of numbers of included taxa, such as CRyPTOBRANCHIDAE and HYNOBIIDAE, BREVICIPITIDAE and
HEMISOTIDAE or BRACHYCEPHALIDAE and CEUTHOMANTIDAE.

This latter example shows that the Criterion [UQC] does not fix the taxonomic hierarchy in a
rigid manner. As a matter of fact, one might fear that the implementation of this Criterion could forbid
the recognition of new families when brand new species are discovered that represent not only new
genera but also new higher taxa. In such cases, as shown by a few recent examples, there exists indeed
a ‘temptation’ for the authors who describe the new species or genus to ‘overrate’ their finding and
to erect immediately a new family for it. However, not all recently discovered organisms require the
erection of such high-ranked taxa, whatever exciting their discovery may have been for the biologists
who found them. The analysis presented in the present work shows that it is sometimes the case and
sometimes not. When genuine phylogenetic discoveries lead to the taxonomic recognition of brand new
branches in TREE, these can be recognised at the rank family even if their nomina are very recent and
then of course not members of the UQN. Let us consider in this respect the fate of the eight last nomina
of families of extant amphibians that have been established in the literature, from 2003 to 2014. They
can be sorted in four categories:

{wl} The most extreme example in this respect, R6 above, is the genus Odontobatrachus, described
in 2014 but the isolated cladistic position of which requires its recognition in CLAD not only as a new
family ODONTOBATRACHIDAE but also as a superfamily ODONTOBATRACHOIDEA, the latter being parordinate
to two long known taxa, now the superfamilies PHRYNOBATRACHOIDEA and RANOIDEA. In this case not only
the new family appears warranted under our Criteria but it is even an ‘understatement’ of the uniqueness
of this lineage.

{w2} Twomonogeneric familieserectedin2003 (NASIKABATRACHIDAE)andin2009 ( CEUTHOMANTIDAE,
discussed above in 2.4.5.2.2.3—4 and 2.4.5.2.4.3—4) are maintained at the rank family in CLAD, although
of course they do not belong in the UQN.

{w3} Two families erected in 2006 (CRYPTOBATRACHIDAE) and 2008 (CRAUGASTORIDAE) are here
downgraded to the rank subfamily, and two other ones established in 2008 (STRABOMANTIDAE) and 2012
(CHIKILIDAE) to the rank tribe.

{w4} The last one, THOROPIDAE, erected in 2006, is a strict synonym of a nomen established in
1850, CycLoramPHIDAE, and does not even deserve to be downgraded to a lower rank.

The heterogeneity of these situations, for a few taxa established over a short period of 12 years,
highlights the fact that, in the absence of an explicit methodology for fixing the position of the rank
family in the taxonominal hierarchy, decisions are bound to be largely arbitrary and a great heterogeneity
of treatment for similar situations cannot but exist from one group to another. The mere fact that a
new genus is ‘cladistically isolated’, i.e. referred alone (with no sister-genus) to its getangiotaxon,
does not require by itself to give the latter a high rank in the taxonominal hierarchy. This all depends
on the other taxa required by the cladistic tree. In CLAD, in order to reflect bijectively TREE, the
‘cladistically isolated’ genera described after 2000 require indeed the recognition of new FS taxa, whose
nomina are based on theirs, but these are referred here to a vast array of ranks, including superfamily
(Odontobatrachus), family (Astrobatrachus, Nasikabatrachus), subfamily (A4strobatrachus), tribe
(Chikila), subtribe (Karsenia) and infratribe (Hypodactylus). Therefore, unlike under a phenetic
paradigm under a cladistic paradigm the discovery of a ‘brand new kind of organisms’ does not entail
necessarily the erection of highly ranked new taxa.

112« Megataxa 005 (1) © 2021 Magnolia Press DUBOIS ET AL.



TABLE 14.NUM. Number of generic and suprageneric taxa of LISSAMPHIBIA below class recognised
as valid in the present work.

Rank To(t)aflel:(ltl:rllkt)er Number of ne\:JA) e?(fant Total npmber of TOta;xrierEtfr o . Unnamed.
taxa new extant taxa taxa fossil taxa fossil taxa incertae sedis

Subclassis 1 0 0 - 1 -
Ordo 3 0 0 1 4 -
Subordo 7 1 14.3 - 7 3
Infraordo 2 0 0 - 2 -
Hypoordo 2 0 0 - 2 -
Superphalanx 2 0 0 - 2 1
Epiphalanx 2 1 50.0 - 2 -
Phalanx 3 2 66.7 - 3 -
Subphalanx 5 2 40.0 - 5 1
Infraphalanx 4 3 75.0 - 4 -
Hypophalanx 3 1 333 - 3 -
TOTAL Class-series 34 10 29.4 1 35 5
Superfamilia 18 0 0 - 18 3
Epifamilia 12 1 8.3 - 12 -
Apofamilia 9 0 0 - 9 -
Familia 69 1 1.4 13 82 12
Subfamilia 87 11 12.6 2 89 6
Tribus 89 21 23.6 - 89 6
Subtribus 92 29 315 - 92 3
Infratribus 65 26 40.0 - 65 2
Hypotribus 44 24 54.5 - 44 2
Clanus 32 22 68.8 - 32 -
Subclanus 17 10 58.8 - 17 -
Infraclanus 23 14 60.9 - 23 1
Hypoclanus 14 11 78.6 - 14 1
Catoclanus 2 1 50.0 - 2 -
TOTAL Family-series 573 171 29.8 15 588 36
Genus 575 13 22 191 766 -
TOTAL CS, FS & GS 1182 194 16.4 207 1389 41

2.5. Some comments on the new nomina introduced in the present work

In the present work, we recognise 573 extant taxa of the family-series, including 171 new ones
(29.8 %), from rank familia to catoclanus (Table T14.NUM). To name these taxa, because of the
nomenclatural parsimony provided by the Principle of Coordination, we needed to coin only 154 new
FS nomina, as well as 17 hyponymous paronyms of some of the latter (having the same nucleogenera,
authors and dates, and being therefore not distinct nomina). To make these new nomina available,
anchored and valid, we followed strictly the rules of the Code, in particular: {x1} we mentioned the
fact that their nomina were new nomina provided for new taxa; {x2} we provided character-based
diagnoses for these taxa; {x3} we explicitly designated the nucleogenera of these nomina. There were
two situations regarding the designation of the nucleogenera for these 154 new FS nomina (Table T15.
NEW): in 110 cases (71.4 %), we had no choice, because the new FS taxon included a single valid
genus according to CLAD; but in 44 cases (28.6 %), a choice had been made between two or more
included genera. For such choices, we followed two basic Criteria. The first one, {yl}, relies on the
important idea that nomina coined by taxonomists should not be so to ‘please themselves’ or to show
the breadth and depth of their ‘classical culture’, but to act as convenient devices for unambiguous
universal communication
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about taxa, so that short, euphonious nomina should be preferred to oversized, unpronounceable and
unmemorable ones like HYDATINOSALAMANDROIDEIL, CALYPTOCEPHALELLIDAE, Sigalegalephrynus or
huehuetenanguensis (Dubois & Raffa€lli 2009, Dubois 2010e). Thus we preferred a FS nomen based
on Assa to one based on Geocrinia, on Mercurana to one based on Pseudophilautus, or on Oedipina
to one based on Oedopinola. However, in most cases, Criterion {yl} did not impose a clear choice, so
we used Criterion {y2}: we tended to base the new FS nomen on the oldest GS nomen, as more recent
generic nomina run more risk to be synonymised in the future. Although this would not invalidate the
FS nomen, this situation should be avoided if possible.

We followed the Criterion {y1} to name new genus- and class-series taxa. Our 13 new genus-series
nomina have 2 to 12 letters and 1 to 5 syllables, and our 10 new class-series nomina 8 to 12 letters and
4 to 6 syllables.

2.6. Definition of character states used for diagnosis

Most characters and character states used for diagnosis of new taxa were taken from publications, in
particular taxonomic revisions, as indicated in the references, and a few only from personal observations.
We provide below details on some morphological characters used in our diagnoses of a large array of
taxa and that have no general acceptation in the literature.

The elements of the pectoral girdle are named following Duellman & Trueb (1994) and Robovska-
Havelkova (2010). The latter work gives a recent review of these elements in an ontogenetic and
phylogenetic perspective. The prezonal element that is unique to anurans is named omosternum.
Some works distinguish the part that is ossified as omosternum and the cartilaginous distal element
as episternum but as both have an identical ontogenetic origin and vary according to developmental
stage and taxonomic group, this distinction is not significant. The situation is similar for the postzonal
element, the sternum, but this element has two different ontogenetic origins with either a paired or a
single rudiment. In adults, a bony mesosternum and a cartilaginous metasternum (unique structure) or
xiphisternum (showing two branches) are distinguished but, similarly to the omosternum, these two
parts are distinguished by ossification or absence of it.

Three conditions of the adductor mandibulae muscle and the pathway of the mandibular ramus of the
trigeminal nerve were defined by Starrett (1968) and discussed by Lynch (1986a) for eleutherodactyline
frogs. The trigeminal nerve passing lateral to the adductor mandibulae muscle which is extending from
the zygomatic ramus of the squamosal to the posterior part of the maxilla, defines the ‘S’ condition,
whereas the nerve passing medial to the muscle that extends from the squamosal to the angular is the
‘E’ condition. There may be also a ‘S + E’ condition where the muscles share origin and insertion but
the nerve pass between them (Lynch 1986a).

The paired macroglands behind the eyes and tympana in amphibians are here called ‘parotoids’
following Tyler ef al. (2001).

3. RESULTS: PHYLOGENY, TAXONOMY AND NOMENCLATURE
3.1. The Tree

Appendices A2.TREE-1 and A3.TREE-2 and Figure F6. TREE-3 show the TREE on which our
analyses are based with different levels of precisions. Our Appendix A2.TREE-1 displays all the 4060
species on which our analysis is based and all the nodes resulting from this analysis, but the values of
these nodes are given only when they are equal or superior to our a priori threshold SHL-aLRT support
value of 90 %. It shows also the nomina of all the suprageneric taxa recognised as valid here. Appendix
A3.TREE-2 provides a simplified version of TREE, showing only the genera and all the suprageneric
taxa accepted as valid in this work. Figure F6. TREE-3 provides an oversimplified version of TREE,
showing only the families and subfamilies accepted as valid in this work.
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FIGURE 6.TREE-3. Oversimplified phylogenetic tree of LissaAMPHIBIA on which the present taxonomy
is based, showing the families and subfamilies recognised here as valid and their relationships.
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3.2. The nomina

Appendices AS.NGS, A6.NFS and A7.NCS provide the lists of all the lissamphibian nomina of the
genus-, family- and class-series ever proposed in the literature, as well as of all their aponyms. As explained
above, we think these lists, which cannot be absolutely complete of course, are very close to being so. As
such, they will be useful to all forthcoming amphibian taxonomists as a ‘mine’ for existing nomina that can
be potentially used to name some taxa that will have to be recognised in the future. With the existence of
these lists, there will be ‘no excuse’ for proposing new junior synonyms or homonyms of these nomina.

In each of these three tables, we provide a great deal of information concerning these nomina:
references, status regarding availability, allocation, validity and correctness according to CLAD,
homonymy, airesies, proedry, archoidy and miscellanea. A few airesies (new nucleospecies designations,
fixation of precedence between synchronous doxisonyms or symprotographs) are effected in the present
work: they are listed in Appendix A14.AIR.

All the references listed in Appendices A6.NFS and A7.NCS are listed in our list of References, but
this is not the case for the 1921 nomina of A5.NGS, as this would add about 1300 references to our list
of 1458 references, and for this purpose we refer to the existing online databases, although all of them
contain mistakes. We plan to publish these data later elsewhere.

Altogether, as shown in AS5.NGS, A6.NFS and A7.NCS, we identified 2828 available supraspecific
nomina of LissaAMPHIBIA: 1827 in the genus-series (1642 available and 185 unavailable ones), 592 in
the family-series (488 available and 104 unavailable ones) and 409 in the class-series (402 available and
7 unavailable ones).

In Appendix A8.ECT, we provide a list of the 96 lissamphibian ectonyms published since 1992,
which, for reasons explained above, we consider unavailable both under the Code and DONS, and
which should not be used in taxonomic publications following these Rules.

3.3. The cladonomy

TREE is based exclusively on molecular data. Although in CLAD we incorporated the nomina of
all the all-fossil generic and suprageneric taxa of LissampPHIBIA, we did this only for the record and
for completeness of lissamphibian nomina, on the basis of the recent literature, but, except in one case
(subfamily SALTENIINAE), we incorporated no new data on these taxa and we do not take a stand on
the validity of the cladistic and taxonomic allocation of these taxa in CLAD. These all-fossil taxa and
nomina are not further addressed in the discussions below.

For every suprageneric taxon listed as valid in CLAD for which we use an already available
nomen, we provide below its protonym (original spelling and rank) with its auctorship and rank, as
well as the reference to the first use of its eunym (valid nomen with its correct spelling and rank),
and its getangiotaxon (immediately superordinate taxon), adelphotaxon/a (parordinate taxon/a) and
getendotaxon/a (immediately subordinate taxon). For every new nomen, we provide its getangiotaxon,
adelphotaxon/a and getendotaxon/a, its onomatophore (nucleospecies, nucleogenus or conucleogenera),
its etymology, stem and, for genus-series nomina, grammatical gender, and a diagnosis of the taxon. If
necessary, taxonomic, nomenclatural or other comments are provided.

We only gave diagnoses for the taxa for which we provide new nomina, in order to make the latter
available. Most diagnoses were built on the basis of a careful analysis of the literature concerning
the included taxa. They are therefore very heterogeneous in terms of quality and completeness. In
fact, this huge work allowed us to measure how incomplete and superficial is the state of knowledge
concerning the morphology and anatomy of adults and larvae, the cytogenetics, bioacoustics, ethology
and life history of most species in most amphibian groups. More worrying is the fact that, as today
most phylogenetic information used for the classification of amphibians derives from nucleic acid
sequencing, very few cladistic analyses based on non-molecular characters have been carried out
recently. Such analyses, sometimes very enlightening, had been produced in the eighties and nineties,
but with the rise and success of molecular phylogeny most of them were not updated and are now
obsolete. As a consequence, in a vast majority of cases we were only able to provide diagnoses, as
defined by Dubois (2017d), but not apognoses, or, to put it differently, we do not know which characters
in our diagnoses are indeed synapomorphies of the taxon and which ones are only ‘differential’
characters providing no cladogenetic information.
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In the present work, we introduce 10 new class-series nomina, 171 new family-series nomina, 14
new genus-series nomina and one new species-series nomen (Table T1S.NEW), and we revalidate
(resurrect) many other nomina that had been considered invalid either for a long time or just in the recent
years. All these nomina are necessary to comply with our initial aims and requirements, which were to
produce an ergotaxonomy being strictly bijective with the tree on which it is based. We have no doubt
that the present work is only a progress report that will soon be obsolete when more species and more
genes are sequenced, and possibly also with an increase in the number and quality of non-molecular
characters of extant amphibians. This will be followed by a triple process of {z1} synonymisation of
some of the nomina considered valid here, {z2} modification of the contents and diagnoses of the taxa
designated by some of these nomina, and {z3} erection of new taxa and introduction of new nomina
for the latter. This has nothing surprising, strange or negative: this is the normal process of taxonomic
research, which supports the idea that fighting for ‘taxonomic and nomenclatural stability’ is a counter-
productive approach, that should not be backed (Dubois 1998, 2010c). Taxonomy can only progress this
way, by successive trials and errors. The double process of synonymisation and revalidation (so-called
‘resurrection’) of nomina is a permanent one in taxonomy, and testifies to the progress of our knowledge
on the biodiversity of our planet. Trying articially to stop it would lead to ‘freezing’ research in this
domain. Such a freezing might be appreciated by administrators, technocrats, lawyers and even some
conservation biologists, whose dream is to have ‘final’ lists of taxa with ‘fixed’ nomina, but this would
be at the expense of both our knowledge and of our actions for the preservation of biodiversity—even
if the latter is already largely a lost cause.

Table T14.NUM provides the numbers of generic and suprageneric taxa and nomina below class
of extant LissaMPHIBIA recognised as valid here. Among them, the number of new taxa introduced in
the present work for extant lissamphibian taxa is high: 13/575 (2.3 %) at the rank genus (Appendix
AS.NGS), 171/573 (29.8 %) in the family-series (Appendix A6.NFS) and 10/34 (29.4 %) in the class-
series below the rank class (Appendix A7.NCS), i.e. 194/1182 (16.4 %) in total. But this number is
of a much lower magnitude than the total number of available extant lissamphibian nomina already
published but now considered invalid synonyms (Table T16.SYN): 869/1824 (47.6 %) in the genus-
series, 204/487 (41.8 %) in the family-series and 367/409 (89.7 %) in the class-series, i.e. 1344/2825
(47.6 %) in total. So, even if half of them were synonymised this would have a feeble impact on the
Synonymy Load Index (SLI = number of invalid nomina / number of available nomina) in amphibians,
while the progress in the resolution of the taxonomy of amphibians provided by the other ones would
be substantial. Furthermore, as discussed below (see our section 4.3.1.3 Tomoidy), it can be quite safely
expected that the progressive resolution of the polytomies still present in 7TREE will be followed by an
increase in the number of taxa/nomina rather than a decrease.

The Principle of Coordination allows nomenclatural parsimony in the family-series. In this
nominal-series, a given nomen can be used at several ranks (these are different parohypses of the same
nomen). This can be measured by a Nomenclatural Parsimony Index (NPl = number of nomina /
number of parohypses). If we consider only the nomina of extant lissamphibian taxa (Table T17.PAR),
we need only 356 nomina for 573 parohypses, many of them being used as valid at two to 12 ranks, which
amounts to a NPI of 62.1 %, an impressive figure indeed, which speaks in favour of the nomenclatural
Principle of Coordination. The same would apply in the genus-series if a comprehensive ergotaxonomy
of all extant LiSSAMPHIBIA using consistently the rank subgenus was implemented, and in the species-
series if the four ranks recognised by the Code (supraspecies, species, exerge and subspecies) were
used, as proposed by Dubois & Raffaélli (2009, 2012) in the URODELA. But in the class-series, where
the Principle of Coordination cannot apply (for reasons explained above), the number of nomina needed
is the same (34) as the number of taxa (Table T14.NUM).

TABLE 16.SYN. Synonymy load in extant LiSSAMPHIBIA. (i.e., excluding all-fossil supraspecific
taxa) according to the taxonomy adopted here.

Synonymy load index: SLI = number of akyronyms / number of hoplonyms.

In this Table, exoplonyms are included in anoplonyms.

Nominal-series Nomina Hoplonyms Anoplonyms Kyronyms Akyronyms SLI

Class-series 409 402 7 35 367 91.3%
Family-series 592 488 104 380 108 22.1%
Genus-series 1826 1641 185 770 871 53.1%
Total 2827 2531 296 1185 1346 53.2%
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TABLE 17.PAR. Family-series paronymy in the extant LissaMPHIBIA (i.e., excluding all-fossil

supraspecific taxa) according to the taxonomy adopted here.

The table gives the numbers (from 1 to 12) of parohypses of all family-series nomina of extant LISSAMPHIBIA nomina having
from 1 to 12 parohypses in CLAD. Nomina are listed according to their acrohypses (highest ranked taxon bearing the

nomen).

A Subtotal Total

crohypse 1 2 3 4 5 6 8 10 12 2 12 112
14. Superfamilia - 6 3 5 1 — 1 1 1 18 18
15. Epifamilia - 7 1 - - - - - - 8 8
16. Apofamilia — 3 2 1 - - - - 6 6
17. Familia 20 7 1 5 1 2 1 - - 17 37
18. Subfamilia 38 10 6 3 - - - - - 19 57
19. Tribus 38 8 3 2 1 - - - - 14 52
20. Subtribus 43 10 2 - - - - - - 12 55
21. Infratribus 32 5 - - - - - - - 5 37
22. Hypotribus 21 6 - - 1 - - - - 7 28
23. Clanus 18 1 - - - - - - 2 20
24. Subclanus 8 3 - - - - - - - 3 11
25. Infraclanus 13 2 1 - - - - - - 3 16
26. Hypoclanus 10 - - - - - - - - - 10
27. Catoclanus 1 — — — — — — — — — 1
Total nomina 242 68 20 15 5 2 2 1 1 114 356
Total parohypses (taxa) 242 136 60 60 25 12 16 10 12 331 573

C.01.01. Subphylum VERTEBRATA Cuvier, 1800

Protonym: VERTEBRES Cuvier, 1800: first unnumbered table [UC].

Eunym: Cuvier, 1816: 58.

Getangiotaxon: Not treated here.

Adelphotaxa: Not treated here.

Getendotaxa: AMPHIBIA Blainville, 1816; all other vertebrate taxa not treated here.

C.02.01. Classis AMpPHIBIA Blainville, 1816

Protonym: AMPHYBIENS Blainville, 1816: ‘107’ [115] [C].

Eunym: Macleay, 1821: 275.

Getangiotaxon: Not treated here.

Adelphotaxa: Not treated here.

Getendotaxa: LissAMPHIBIA Gadow, 1898; all-fossil non-lissamphibian amphibian taxa not treated here.

Comments: Following the rationale of Dubois (2015c¢), the Duplostentional Nomenclatural System and
the tradition in the Zoological Record for one and a half century, we apply this nomen, which is a
sozodiaphonym (Dubois & Frétey 2021d), with this auctorship and date, to the holophyletic group,
usually attributed to the rank class (e.g. Cannatella & Hillis 2004, Marjanovi¢ & Laurin 2015), covering
all the anamniote tetrapods subsequent to the ‘lissamphibian-amniote phylogenetic split’ (Ruta et al.
2003a), including the Palaeozoic groups |LEPOSPONDYLI| and [TEMNOSPONDYLI|. The present work
deals only with the subclass LissamMPHIBIA of this class, as defined below. The cladistic relationships
between this subclass and the other, all-fossil, groups of anamniote vertebrates are still controversial
(see e.g. Schoch 2009, Marjanovi¢ & Laurin 2015) and therefore their relative hierarchical relationships
are not stabilised.
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C.03.01. Subclassis LissampHIBIA Gadow, 1898

Protonym and eunym: LissaMPHIBIA Gadow, 1898: xii, 13 [bC].

Getangiotaxon: AMPHIBIA Blainville, 1816.

Adelphotaxa: All-fossil non-lissamphibian amphibian taxa not treated here.

Getendotaxa: ANURA Duméril, 1805; GYMNOPHIONA Rafinesque, 1814; URODELA Duméril, 1805; 1 C+.

Comments: Following the rationale of Dubois (2020a) and the recent tradition in the literature (see
Dubois 2015c¢), we apply this nomen, which is a sozodiaphonym (Dubois & Frétey 2021c¢), with this
auctorship and date, to the subclass accomodating all the recent amphibians, distributed in the three
orders ANURA, GYMNOPHIONA and URODELA, as well as the fossil order ALLOCAUDATA, whose cladistic
relationships with these three taxa are unresolved (see e.g. Marjanovi¢ & Laurin 2015).

Based on the molecular data of TREE, the three extant orders ANURA, GYMNOPHIONA and URODELA
are well supported holophyletic taxa, and it is the case also for these three groups altogether, but our data
do not allow to resolve the relationships between these three groups, which for the time being constitute
therefore an unresolved trichotomy. In general, morphological and molecular analyses tend to agree that
salamanders and frogs are sister-lineages, and several recent authors (e.g. Frost et al. 2006; Roelants
et al. 2007; San Mauro ef al. 2010) credited the ANURA and URODELA with a sister-group 