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Preface

In December 2007, Zootaxa celebrated the tercentenary of the birth of Linnaeus with an important collection
of 30 articles published as volume 1668 under the title Linnaeus Tercentenary: Progress in Invertebrate
Taxonomy.

Now, in December 2008, Zootaxa publishes another thematic collection, as a contribution to celebrate the
250" anniversary of the publication of the X edition of Systema Naturae, the Linnaean work that represents
the starting point of current scientific nomenclature in zoology.

The present issue is based on the papers presented at an international meeting held at the University of
Padova, Italy, in cooperation with the Linnean Society of London. During the two-day meeting (29-30 May
2008), thirty scientists from seven countries discussed from different perspectives the current role of nomen-
clature in communicating science. The subject matter was not limited to names for species and higher taxa,
but also included anatomical homenclature and the relationships between names, theory, and generation of
questions on development and evolution.

A substantial selection of the papers presented at the meeting is published in this volume of Zootaxa,
together with three additional articles written by some participants other than invited speakers, also dealing
with the same range of topics as those formally presented in Padova.

The editors are most grateful to the Linnean Society of London for its generous support in the preparation
and readlization of the meeting and to Zootaxa for not less generoudly hosting in its pages a collection from
which we hope there will be scope for stimulating further discussion.

Alessandro Minelli FLS, Lucio Bonato and Giuseppe Fusco
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Abstract

Biological names play an important role in resource identification and as anchors for all sorts of associated information.
Thisis borne out in ever-expanding online resources but the ways in which names are stored and presented give rise to
challenges and pitfalls that can lead to missed or misinterpreted information. These resources must serve a variety of
users and keep abreast of changes in nomenclature and systematics. Observations on the use of biological names are pre-
sented and some solutions to the challenges are offered.

Key words: Biodiversity, Digital data bases, Nomenclators

Accurate identification of organisms and correct use of biological names is essential in order to apply correct
measures in the fields of conservation and to control pest and disease causing organisms. As has been pointed
out by Grimaldi and Engel (2005) “All accumulated information of a species is tied to a scientific name, a
name that serves as a link between what has been learned in the past and what we today add to the body of
knowledge”. While the veracity of the statement holds true, the nature of taxonomy and nomenclature present
significant obstacles to taking advantage of this universal link between a taxon name and the accumulated
information.

Efforts to mobilise biodiversity information have now yielded significant online resources, and these are
set to grow enormously in the future. The Internet is revolutionising accessibility but also creates its own set
of obstacles to discovery and retrieval of information based on taxonomic names. At the time of writing, the
Global Biodiversity Information Facility network (http://www.gbif.org) has mobilized nearly 150 million col-
lection and observation records from nearly 3,000 individual datasets. The Biodiversity Heritage Library
(http://www.biodiversitylibrary.org) has recently passed the 7 million page mark toward its god of digitizing
an estimated 2—-3 million publications relating to species. The National Center for Biotechnology Information
(http://wvww.nchi.nim.nih.gov) stores tens of millions of gene sequence relating to more than three hundred
thousand taxa. The Biodiversity Information Standards (http://www.tdwg.org) website lists 592 different
biodiversity informatics projects, all of which are mobilizing, serving, integrating and exchanging species
information. Each of these resources shares a common dependence on taxon names to provide the species
context to the associated information.

There are a'so numerous information resources relating to the compilation and reconciliation of taxon
names. The authors have each been engaged in long-term projects that involve collating lists of taxonomic
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names from disparate sources and making these accessible through the Internet (National Biodiversity Net-

work Species Dictionary http://www.nhm.ac.uk/nbn, Nature Navigator http://www.nhm.ac.uk/naturenaviga

tor, Fauna Europaea http://www.faunaeur.org, GBIF Electronic Catalogue of Names http://www.gbif.org/
prog/ecat, uBio http://www.ubio.org).

In our experience, taxon names present a range of challenges that must be addressed in order to realize
their potential as useful data discovery devices. Among the most fundamental are conceptual separations that
tend to be blurred and can hinder communications. In particularly there is little appreciation of the difference
between taxonomy and nomenclature. This impacts upon concepts as simple as what is meant by the term
“correctness’ asit relates to taxon names or as fundamental as the term “name” itself. All taxa are referred to
by a name but not al names refer to currently recognized taxa. A “correct name” in the taxonomic sense may
refer to the valid or accepted name for ataxon, whilst in the nomenclatural sense it may refer to the fitness of
the name relative to the codes of nomenclature. The scope of a name can change over time, as the result of
improved knowledge, or through differing opinions amongst experts. Strictly speaking, names should be
replaced by taxon concepts, which are names linked to explicit usage. This requires a record of the source
used in making a taxonomic determination — metadata that is most often missing from a species observation
record.

In these days of internet resources, this lack of distinction can lead to confusion, relevant information
being missed, or information being incorrectly associated and returned in a search result. Among the chal-
lenges are the following:

1. Matching a name entered via a search to a name actually recorded within a data repository. Computers
excel at comparing text strings but differencesin how names are recorded can result in both false negative
and false positive returns.

2. Thereis, asyet, no comprehensive catalogue or index representing all the taxon names that exist, nor any
accurate measure as to the true number of names.

3. It isbecoming apparent that copies of some datasets are included in other resources, with or without the
agreement of the original data owners. Any errorsin the original dataset may therefore be carried through
to the derivative resource and may persist even after the original has been corrected.

Bearing in mind that there are around 1.75 million described species (Wilson 2003), it is noteworthy that
the number of names assembled by uBio within their NameBank currently amount to 11 million distinct name
records. Thisisdue primarily to the fact that NameBank records distinct verbatim name strings (name+author-
ship) combinations and reconciles these to a single logical group. The Catalogue of Life (http://www.cata-
logueoflife.org), on the other hand, starts with quality lists that have been reconciled to single representative
name records and therefore, the 2008 edition, representing over 1.1 million species, has a total of 2 million
name records. In the United Kingdom, which has around 80,000 species (excluding bacteria and viruses), the
NBN Species Dictionary holds 245,000 name strings.

These counts include representational forms of both taxonomically and nomenclaturally valid and invalid
names. Many of these will be obsolete hames, subsequently made synonyms of current names. In addition, a
single name may present a wide range of variability in how it is actually recorded within a dataset. The name
may be non code-compliant, have a wrong endings to the species epithet, or be simply misspelled. Variation
may aso occur in how authorship is represented (such as abbreviations and inconsistent use of diacritical
marks). Such variation presents challenges in federated data environments where inconsistency isthe rule.

Thus a single taxon name in the more traditional nomenclatural sense may be represented by many small
lexical variations of that name, as they have been discovered within biodiversity resources. Nonetheless, the
11 million records within the uBio Namebank represent over 4 million distinct taxon namesif authorship is no
longer a factor. Interestingly there are over 4.8 million distinct name strings, based on this same definition,
within the current GBIF indices, which can be reconciled to 3.4 million distinct names. Of these, only 11% are
listed in the Catalogue of Life and only about 25% are believed to overlap those found within the NameBank.
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This serves to show the scale of one of the challenges facing biodiversity informatics.

Recording names in use, even where they are erroneous, enables query expansion: provided that effort is
put into mapping these names to their accepted forms. Mapping of names can, to a certain extent, be auto-
mated: uBio and GBIF, for instance, have developed their LexMapper algorithm to handle this. Older names
will increasingly need to be tracked, now that specimen collections are being digitised, as well as the historic
literature. Homonyms represent an unguantified but significant issue, even within a single biological king-
dom, and become even more of an issue when resources span several kingdoms. In the process of digitising
Nomenclator Zoologicus, 21,000 homonym groups were identified (Remsen et al. 2006). GBIF is developing
an All Genus Index (AGI) that should identify all genus-level homonyms (Remsen & Patterson 2007).

Storing, comparing, exchanging and searching for taxonomic names and classification schemes aso
present challenges. Search portals usually offer the facility to search using the genus or species epithet. How-
ever, name strings can contain up to 14 words in the case of plant hybrids. Because database searches rely on
string matching, variants in spelling (such as presence or absence of diacritical marks) can lead to missed
records — unless such variants have been mapped to accepted forms.

Various data models and exchange standards have been developed over the years (ABCD, Berlin Taxo-
nomic Information Model, Darwin Core, EDIT Common Data Model, Nomencurator, Taxonomic Concept
Transfer Schema) to cope with biological names and classifications. It is possible to use these schemas to
wrap hame datato common formats, even if the underlying database has a unique structure. It should be borne
in mind, however, that many of the data providers, particularly those involved in local and national recording
schemes, may not be willing or able to use complex systems and, instead, often record and present data using
simple spreadsheets or documents.

Biologists look to homenclators and taxonomic indexing services for help in checking current names and
their authorities, which is only possible if synonymies are included. But users will aso include conservation-
ists, developers and planners, local and national government, environmental agencies, biological recorders
and members of public, who may have different needs. For instance, biological recorders require the inclusion
of recording aggregates (an amalgam of species that are difficult to identify in the field) and wish to record
against names that they are familiar with. Many users, who are not practising taxonomists, are not concerned
with the niceties of nomenclatural and taxonomic rules, such as the use of subgenera and authorities — they
just want a reliable name! Some sectors (e.g. birds, butterflies, mammals) routinely use common names.
Informal names are also helpful for higher taxonomic groupings. Even biologists will be unfamiliar with
names of genera, families and orders outside of their own speciality and it can greatly help if search results
assign each scientific name to afamiliar higher grouping.

There are numerous initiatives at national level, fewer at regional level and even fewer resources at global
level. National coverage, both in terms of expertise and content, is uneven. There are numerous instances
where data exists but are yet to be made accessible. Whilst a single checklist can achieve consistency, through
being based upon a single taxonomic opinion, when datasets are assembled from multiple sources, these
sources may employ different classifications and synonymies. Often, however, there is a preferred classifica
tion for a taxonomic group at a national level. The correspondence between vernacular names and scientific
names may differ between countries and even the accepted scientific name for a species can vary. Equivalen-
cies can be determined by assigning Globally Unique Identifiers (GUIDs) to taxa. It is, however, important
that systems are able to allow for and support different taxonomic opinions. There also needs to be an effec-
tive exchange of information between national, regional and global initiatives. In that way, new occurrence
records can be fed upwards and changes to nomenclature can be fed back to biological recorders.

What is needed is sustainable, long-term, initiatives that will deliver maintained taxonomic indexes and
nomenclators. Whilst it is possible that the Lifewatch (for Europe) and Encylopedia of Life projects (http://
www.lifewatch.eu/, http://www.eol.org), together with GBIF, will provide high-level access to data, the chal-
lenge is to secure support for the hundreds of individual data contributors. All resources, whether nomencla-
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tors or species inventories, should be kept abreast of changes: in order to be able to gauge whether aname is
current and also whether a species occurrence is current. This requires continuous effort, and it is not easy to
secure funding for this sort of activity. To take things forward, more attention should be given to the mapping
of obsolete and malformed names to code-compliant accepted names, to flag the status of names, and to cap-
ture vernacular names. Development of a management classification will help ensure that consistent results
are returned from searches across distributed datasets. Authorities are necessary to give attribution to a name,
but the abbreviated form in which they are presented (in both botany and zoology) does not enable the deter-
mination of the underlying bibliographic reference. The increasing availability online of scientific literature
should be complemented by aresource that not only links species names to their original description, but does
the same for species recombinations (comb. nov.). It isto be hoped that use of GUIDs will become common-
place; with a management system that resolves multiple GUIDs that may get assigned to a single taxon con-
cept. It is important that the provenance of datasets is indicated whenever records are displayed or
downloaded. Attribution also provides welcome acknowledgement of the work of data providers, many of
whom work on avoluntary basis. Above all, it is at the human level that action is required. Action to promote
best practice in the use of names. Also action to mobilise the biological community to assist with error detec-
tion and correction, and to both share and consolidate resources, in order that the current duplication of effort
may be reduced.
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Abstract

In contrast to primary taxonomic research, nomenclature is atool to be used in information retrieval and with the aim of
ensuring world-wide understanding. Radical changesto its guiding principles would be counterproductive as they would
produce disorder in a system of internationally accepted conventions that have developed and matured over decades.
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Attempts to introduce fundamental changes or even alternatives were proposed a century too late to get enforced; they
therefore failed.
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Abstract

A code intended to apply to both zoological and botanical nomenclature was drafted in 1842-43 by a commission
appointed by the fourth Congress of Italian Scientists on request of the zoologist Carlo Luciano Bonaparte, as a reaction
to the recently published Strickland Code (1842). Large excerpts from the latter document and an English translation of
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The Srickland Code

Next to Linnaeus own principia enumerated in his Philosophia Botanica (Linnaeus 1751), and more rightly
than that work, the earliest document having the nature of a code ruling the scientific nomenclature for living
organisms is the so-called Strickland Code (Strickland et al. 1842). Some acquaintance with this document is
required to get an adeguate historical setting for the little known episode in the history of biological nomen-
clature | present inthisarticle. As Strickland et al.’s document is very frequently cited but, arguably, very sdl-
dom read, | present ample excerpts from this publication as Appendix 1 below.
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The divor ce between zoological and botanical nomenclature

When Hugh Strickland and his colleagues were working at the document eventually published as a Series of
propositions for rendering the nomenclature of zoology uniform and permanent (Strickland et al. 1842), zoo-
logical and botanical nomenclature had already gone along different paths to a sizeable extent.

Some aspects of this divergence were merely linguistic, such as different attitudes in respect to the admis-
sible kinds of names to be employed in scientific literature. For example, following the example of Linnaeus,
botanists used extensively generic names derived from persons, while this was quite rare in zoology and even
occasionally rejected as legitimate. But other differences between the zoological and the botanical tradition
were more technical and eventually became fixed in the internationally adopted Codes, starting with de Can-
dolle (1867) for plant names and the ‘Paris Rules' (International Commission on Zoological Nomenclature
1905) for animal names.

In alucid comparison of a modern version of the zoologica and botanical codes (International Commis-
sion on Zoological Nomenclature 1985; Voss et al. 1983), Jeffrey (1986) identified twelve main differences,
including the nature of the link between names and taxa through the adoption of types and the provisions for
conservation and rejection of names, that is, the rules limiting the scope of application of the principle of pri-
ority. In addition, botanists have name for hybrids as such, while this is excluded from the zoologica code.
There are also different criteria for what in zoology is the availability of names (the concept is caled valid
publication in botany). Tautonyms are rejected in botany, but not in zoology (well known examples are
Gorilla gorilla and Bufo bufo); the principle of coordination (cf. Dubois 2008) has wider scope in zoology
than in botany, and different in the two codes are the works and dates adopted as starting points for scientific
nomenclature, zoology uniformly adopting the tenth edition of Systema naturae (Linnaeus 1758), while bota-
nists main reference is Species Plantarum (Linnaeus 1753), but with many exceptions, for selected groups,
e.g. mosses, whose nomenclature starts officially with Hedwig (1801). There are also differences in the
requirements for orthography, in the treatment of secondary homonyms, and in the use of names adopted for
fossil taxa.

By the time the British Association for the Advancement of Science appointed the Strickland committee,
another direct conseguence of the independence de facto of zoological and botanica nomenclature was
already evident, that is, the growing number of identical names used for animal and plant genera.

The BioCode

The latter circumstance, anyway, was long ignored in practice and generally proved to be of little consequence
until plant and animal names begun to be stored together in large data bases.

But in the long run, the problem of cross-kingdom homonymy was eventually to emerge as one of the
main reasons suggesting the importance of harmonization (Ride 1988), if not even a straight unification of
zoological and botanical nomenclature. Another and arguably more critical reason behind this move was the
problem of regulating nomenclature of the so-called ambiregnal organisms, that is of taxa that have been
treated sometimes as protozoans, and thus named according to the rules of zoological nomenclature, some-
times as algae, and thus named in accordance to the botanical nomenclature. This twofold treatment has been
often applied to closdly related taxa, sometimes even to one and the same taxon. Cross-kingdom homonyms
and the nomenclature of ambiregnal organisms have thus prompted efforts at what has become known as the
BioCode (Greuter et al. 1996, 1998; Hawksworth 1997). Thisinitiative and its eventual fate have been briefly
summarised by Greuter (2003) and aso by Kraus (2008) in this volume.
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A ‘Draft BioCode' dated 1842-43

A circumstance that has as much as ignored to date is that an effort largely similar to the recent BioCode ini-
tiative had been produced exactly at the time the Strickland Code was written. This effort, eventually fated to
failure within short, was energetically launched by a prominent figure whose undisputed authority in zool ogi-
ca matters was likely increased by his social status (Stroud 2000). This man, Charles Lucien [=Carlo
L uciano] Bonaparte, Prince of Canino, was indeed the son of a brother of Napoleon. Among the zool ogists he
was renowned for his studies on vertebrates, especially birds. By 1842 Bonaparte had already published the
four-volume American Ornithology (Bonaparte 1825-33) and a lavishly illustrated monograph of Italian ver-
tebrates (Bonaparte 1832—41). His most lasting contribution to zoology, however, is perhaps hislater synopsis
of world bird genera (Bonaparte 1850-7).

In the late 1830s, Bonaparte launched a successful series of congresses of the Italian scientists. At that
time, Italy was divided into many political units, including parts under foreign rule. The congresses provided
good opportunities for people of different Italian states to exchange their views, political as well as scientific:
those events thus were instrumental in helping the eventual unification of Italy into asingle national state. But
Bonaparte's own strong Italian nationalistic feelings combined with the indisputably international character of
his research and his Europe-wide network of acquaintances. Thus, at the fourth meeting of the Italian scien-
tists, held in Padovain 1842, he was able to illustrate the document freshly produced by the Strickland Com-
mittee and to offer it in Italian trandation (Anon. 1843).

In Bonaparte's view, the British document was a useful contribution towards a scientific nomenclature
less deregulated than this was at the time, but he was not completely happy with the proposal. He was well
aware of the differences between zoological and botanical traditions in nomenclature and regarded the latter
as much closer to the Linnaean standards. Zoological nomenclature should thus converge towards the current
praxisin botany and in order to get this result, he proposed to set up a Commission with the charge of produc-
ing a set of rules to be applied to zoological and botanical names alike. The chronicle of this interesting epi-
sode in the history of bionomenclature occupies many pages of the proceedings (Atti) of the 1842 congress: a
long excerpt from that text is given here, in trandation, as Appendix 2.

One year later, during the fifth meeting of the Italian scientists, held this time in Lucca, members of the
Commission appointed in Padova presented long analytical reports and a draft of code, but against the pro-
posal for aunified code, or itsindividual articles, were also raised strong objections, some of them by the dean
of the Italian botanists Giuseppe Moretti, others, and harsher, by the entomologist Marquis Massimiliano
Spinola. A short excerpt from the published chronicle (Anon. 1844) is given below, also in trandation, as
Appendix 3.

Following the Lucca meeting, the issue of a unified code with rules for the scientific names of organisms
disappeared suddenly from the public debate, never to appear again serioudly, to the best of my knowledge,
before the start of the BioCode initiative.

Divorce, but with advantageous continuing exchange

To be sure, zoological and botanical traditions in nomenclature were often discussed comparatively, but high-
lighting the difference was not a stimulus to renovate the efforts towards unification. We can suggest that
authors, if sensible to the issue, were regarding a single nomenclatural code as an opportunity already lost for
ever. Significant, in this respect, are the words of Dall (1877, p. 9): “A serious mistake appears to have been
committed at the outset by divorcing Zoological from Botanical nomenclature, as was done by the committee
of the British Association. The signal success which has attended the efforts of botaniststo unify their nomen-
clature, when compared to the confusion reigning in some departments of zoology, is sufficient proof of this.”
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A few pages|ater, commenting on the general principles, at that time quite recently expressed by de Candolle
(1867) in his Lois de la nomenclature botanique, Dall (1877, p. 23) added the following remark: “ The manner
in which Botany and the different branches of zoology have reached their present state, being far from uni-
form, and the nature of the organisms treated of being dissimilar, an absolute identity in the application of
nomenclature isimpracticable even if it were wholly desirable. The fundamental principles, however, and the
end to be attained, are the same in both branches of study.”

The difficulties experienced during the 1990s by the BioCode initiative demonstrate that Dall’s judgement
was not much off the mark, but his own efforts in comparing zoological and botanical traditions were not
without virtue, and this is demonstrated again by the BioCode. Even if a unified code could not be eventually
produced, it is certainly as a consequence of the dialogue stimulated by the BioCode initiative that the current
edition of the zoological code (International Commission on Zoological Nomenclature 1999) was eventually
to include a new Recommendation 1A. stating that “ Authors intending to establish new genus-group names
are urged to consult the Index Nominum Genericorum (Plantarum) and the Approved List of Bacterial Names
to determine whether identical names have been established under the International Codes of Nomenclature
relevant to those lists and, if so, to refrain from publishing identical zoological names.” Existing cross-king-
dom homonyms will remain, but their number, at least, should not increase — exactly one of the targets Prince
Bonaparte intended to reach by hiswell intended, though now largely forgotten effort.
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Appendix |
Excerpts from Srickland et al. (1842)

SERIES OF PROPOSITIONS
FOR RENDERING THE NOMENCLATURE OF ZOOLOGY UNIFORM AND PERMANENT

PREFACE.

[..] Theworld of scienceis no longer amonarchy, obedient to the ordinances, however just, of an Aristotle or a Linnaaus.
She has now assumed the form of a republic, and although this revolution may have increased the vigour and zeal of her
followers, yet it has destroyed much of her former order and regularity of government. The latter can only be restored by
framing such laws as shall be based in reason and sanctioned by the approval of men of science; and it is to the prepara-
tion of these laws that the Zoological Section of the Association have been invited to give their aid. [...]

Among the numerous rules for nomenclature which have been proposed by naturalists, there are many which,
though excellent in themselves, it is not now desirable to enforce'. The cases in which those rules have been overl ooked
or departed from, are so numerous and of such long standing, that to carry these regulations into effect would undermine
the edifice of zoological nomenclature. But while we do not adopt these propositions as authoritative laws, they may still
be consulted with advantage in making such additions to the language of zoology as are required by the progress of the
science. By adhering to sound principles of philology, we may avoid errorsin future, even when it is too late to remedy
the past, and the language of science will thus eventually assume an aspect of more classic purity than it now presents.

Our subject hence divides itself into two parts; the first consisting of Rulesfor the rectification of the present zool og-
ical nomenclature, and the second of Recommendations for the improvement of zoological nhomenclature in future.

PART I.
RULES FOR RECTIFYING THE PRESENT NOMENCLATURE.
[Limitation of the Plan to Systematic Nomenclature.]

In proposing a measure for the establishment of a permanent and universal zoological nomenclature, it must be premised
that we refer solely to the Latin or systematic language of zoology. We have nothing to do with vernacular appellations.

[-]
[Law of Priority the only effectual and just one.]

It being admitted on all hands that words are only the conventional signs of ideas, it is evident that language can only
attain its end effectually by being permanently established and generally recognized. This consideration ought, it would
seem, to have checked those who are continually attempting to subvert the established language of zoology by substitu-
ting terms of their own coinage. [..] Now in zoology no one person can subsequently claim an authority equal to that pos-
sessed by the person who is the first to define a new genus or describe a new species; and hence it is that the name
originally given, even though it may be inferior in point of elegance or expressiveness to those subsequently proposed,
ought as ageneral principle to be permanently retained. To this consideration we ought to add the injustice of erasing the
name originally selected by the person to whose labours we owe our first knowledge of the object; and we should reflect
how much the permission of such a practice opens a door to obscure pretenders for dragging themselvesinto notice at the
expense of origina observers. Neither can an author be permitted to alter a name which he himself has once published,
except in accordance with fixed and equitable laws. It is well observed by Decandolle, "L'auteur méme qui ale premier
établi un nom n'a pas plus qu'un autre le droit de le changer pour ssimple cause d'impropriété. La priorité en effet est un
terme fixe, positif, qui n'admet rien, ni d'arbitraire, ni de partial."
For these reasons, we have no hesitation in adopting as our fundamental maxim, the "law of priority," viz.

§ 1. The name originally given by the founder of a group or the describer of a species should be permanently retained, to
the exclusion of all subsequent synonyms (with the exceptions about to be noticed). [..]

1 See especially the admirable code proposed in the 'Philosophia Botanica of Linnaaus. If zoologists had paid more attention to
the principles of that code, the present attempt at reform would perhaps have been unnecessary.
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[Not to extend to authors older than Linnaaus.]

As our subject matter is strictly confined to the binomial system of nomenclature, or that which indicates species by
means of two Latin words, the one generic, the other specific, and as this invaluable method originated solely with Lin-
naaus, it is clear that, as far as species are concerned, we ought not to attempt to carry back the principle of priority
beyond the date of the 12th edition of the 'Systema Naturee' Previousto that period, naturalists were wont to indicate spe-
cies not by aname comprised in one word, but by a definition which occupied a sentence, the extreme verbosity of which
method was productive of great inconvenience. It istrue that one word sometimes sufficed for the definition of a species,
but these rare cases were only binomial by accident and not by principle, and ought not therefore in any instance to
supersede the binomial designationsimposed by Linnaaus.

The same reasons apply also to generic names. Linnaaus was the first to attach a definite value to genera, and to give
them a systematic character by means of exact definitions; and therefore although the names used by previous authors
may often be applied with propriety to modern genera, yet in such cases they acquire a new meaning, and should be quo-
ted on the authority of the first person who used them in this secondary sense. It is true, that several of the old authors
made occasional approaches to the Linnasan exactness of generic definition, but still these were but partial attempts; and
itiscertain that if in our rectification of the binomial nomenclature we once trace back our authorities into the obscurity
which preceded the epoch of its foundation, we shall find no resting-place or fixed boundary for our researches. [..]

We therefore recommend the adoption of the following proposition:—

§ 2. The binomial nomenclature having originated with Linnaeus, the law of priority, in respect of that nomenclature, is
not to extend to the writings of antecedent authors. [..]

[Generic names not to be cancelled in subsequent subdivisions] [..]

§ 3. A generic name when once established should never be cancelled in any subsequent subdivision of the group, but
retained in arestricted sense for one of the constituent portions.

[Generic names to be retained for the typical portion of the old genus.]

When agenusis subdivided into other genera, the original name should be retained for that portion of it which exhibitsin
the greatest degree its essential characters as at first defined. Authors frequently indicate this by selecting some one spe-
cies as afixed point of reference, which they term the "type of the genus." When they omit doing so, it may still in many
cases be correctly inferred that the first species mentioned on their list, if found accurately to agree with their definition,
was regarded by them as the type. A specific name or its synonyms will also often serve to point out the particular spe-
cies which by implication must be regarded as the original type of a genus. In such cases we are justified in restoring the
name of the old genusto itstypical signification, even when later authors have done otherwise. We submit therefore that

§ 4. The generic name should always be retained for that portion of the original genus which was considered typical by
the author. [..]

[When no typeisindicated, then the original nameisto be kept for that subsequent subdivision which first received it.]
[-]

§ 5. When the evidence as to the original type of agenusis not perfectly clear and indisputable, then the person who first

subdivides the genus may affix the original name to any portion of it at his discretion, and no later author has aright to
transfer that name to any other part of the original genus.

[A later name of the same extent as an earlier to be wholly cancelled.]
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When an author infringes the law of priority by giving a new name to a genus which has been properly defined and
named already, the only penalty which can be attached to this act of negligence or injustice, isto expel the name so intro-
duced from the pale of the science. It is not right then in such cases to restrict the meaning of the later name so that it may
stand side by side with the earlier one, as has sometimes been done. For instance, the genus Monaulus, Vieill. 1816, isa
precise equival ent to Lophophorus, Tem. 1813, both authors having adopted the same species as their type, and therefore
when the latter genus came in the course of time to be divided into two, it was incorrect to give the condemned name
Monaulus to one of the portions. To state this succinctly,

§ 6. When two authors define and name the same genus, both making it exactly of the same extent, the later name should
be cancelled in toto, and not retained in amodified sense. [..]
This rule admits of the following exception:—

§ 7. Provided however, that if these authors select their respective types from different sections of the genus, and these
sections be afterwards raised into genera, then both these names may be retained in a restricted sense for the new genera

respectively. [..]
[A later name equivalent to several earlier onesisto be cancelled.]

§ 8. If the later name be so defined asto be equal in extent to two or more previously published genera, it must be cancel-
led in toto.

[A genus compounded of two or more previously proposed genera whose characters are now deemed insufficient, should
retain the name of one of them.] [..]

§ 9. In compounding a genus out of several smaller ones, the earliest of them, if otherwise unobjectionable, should be
selected, and its former generic name be extended over the new genus so compounded. [..]

[A name should be changed when previously applied to another group which still retainsit.]

It being essential to the binomial method to indicate objects in natural history by means of two words only, without the
aid of any further designation, it follows that a generic name should only have one meaning, in other words, that two
genera should never bear the same name. For a similar reason, no two species in the same genus should bear the same
name. When these cases occur, the later of the two duplicate names should be cancelled, and a new term, or the earliest
synonym, if there be any, subgtituted. [...] It is, we conceive, the bounden duty of an author when naming a new genus,
to ascertain by careful search that the name which he proposes to employ has not been previously adopted in other
departments of natural history?. [...] We submit therefore, that

§ 10. A name should be changed which has before been proposed for some other genusin zoology or botany, or for some
other species in the same genus, when still retained for such genus or species.

[A name whose meaning is glaringly false may be changed.]

Our next proposition has no other claim for adoption than that of being a concession to human infirmity. If such proper
names of places as Covent Garden, Lincoln'sInn Fields, Newcastle, Bridgewater, & c., no longer suggest the ideas of gar-
dens, fields, castles, or bridges, but refer the mind with the quickness of thought to the particular localities which they
respectively designate, there seems no reason why the proper names used in natural history should not equally perform

2. This laborious and difficult research will in future be greatly facilitated by the very useful work of M. Agassiz, entitled
"Nomenclator Zoologicus.
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the office of correct indication even when their etymological meaning may be wholly inapplicable to the object which
they typify. But we must remember that the language of science has but a limited currency, and hence the words which
compose it do not circulate with the same freedom and rapidity as those which belong to every-day life. The attention is
consequently liable in scientific studies to be diverted from the contemplation of the thing signified to the etymological
meaning of the sign, and hence it is necessary to provide that the latter shall not be such as to propagate actual error.
Instances of this kind are indeed very rare, and in some cases, such as that of Monodon, Caprimulgus, Paradisea apoda
and Monoculus, they have acquired sufficient currency no longer to cause error, and are therefore retained without
change. But when we find a Batracian reptile named in violation of its true affinities, Mastodonsaurus, a Mexican spe-
ciestermed (through erroneous information of its habitat) Picus cafer, or an olive-coloured one Muscicapa atra, or when
aname is derived from an accidental monstrosity, as in Picus semirostris of Linnaaus, and Helix disjuncta of Turton, we
feel justified in cancelling these names, and adopting that synonym which stands next in point of date. At the same time
we think it right to remark that this privilege is very liable to abuse, and ought therefore to be applied only to extreme
cases and with great caution. With these limitations we may concede that

§ 11. A name may be changed when it implies a false proposition which is likely to propagate important errors.
[Names not clearly defined may be changed.]

[..] Two things are necessary before a zoological term can acquire any authority, viz. definition and publication. Defini-
tion properly implies a distinct exposition of essential characters, and in all cases we conceive this to be indispensable,
although some authors maintain that a mere enumeration of the component species, or even of asingle type, is sufficient
to authenticate a genus. To constitute publication, nothing short of the insertion of the above particularsin a printed book
can be held sufficient. [..] Therefore

§ 12. A name which has never been clearly defined in some published work should be changed for the earliest name by
which the object shall have been so defined.

[ Specific names, when adopted as generic, must be changed.]

The necessity for the following rule will be best illustrated by an example. The Corvus pyrrhocorax, Linn., was after-
wards advanced to a genus under the name of Pyrrhocorax. Temminck adopts this generic name, and also retains the old
specific one, so that he terms the species Pyrrhocorax pyrrhocorax. The inelegance of this method is so great as to
demand a change of the specific name, and the species now stands as Pyrrhocorax alpinus, Vieill. We propose therefore
that

§ 13. A new specific name must be given to a species when its old name has been adopted for a genus which includes that
Species.

[Latin orthography to be adhered to.]
§ 14. In writing zoological names the rules of Latin orthography must be adhered to. [..]
When a name has been erroneously written and its orthography has been afterwards amended, we conceive that the

authority of the original author should still be retained for the name, and not that of the person who makes the correction.

PART II.
RECOMMENDATIONS FOR IMPROVING THE NOMENCLATURE IN FUTURE. [..]

[The best names are Latin or Greek characteristic words.] [..]
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§ A. The best zoological names are those which are derived from the Latin or Greek, and express some distinguishing
characteristic of the abject to which they are applied.

[Classes of objectionable names.]

It follows from hence that the following classes of words are more or less objectionable in point of taste, though, in the
case of genera, it is often necessary to use them, from the impossibility of finding characteristic words which have not
before been employed for other genera. We will commence with those which appear the least open to objection, such as

a. Geographical names.—These words being for the most part adjectives can rarely be used for genera. As designations
of speciesthey have been so strongly objected to, that some authors (Wagler, for instance) have gone the length of substi-
tuting fresh names wherever they occur; others (e. g. Swainson) will only tolerate them where they apply exclusively, as
Lepus hibernicus, Troglodytes europaaus, & c. We are by no means disposed to go to thislength. It is not the less true that
the Hirundo javanica is a Javanese bird, even though it may occur in other countries also, and though other species of
Hirundo may occur in Java. The utmost that can be urged against such words is, that they do not tell the whole truth.
However, as so many authors object to this class of names, it is better to avoid giving them, except where there is reason
to believe that the speciesis chiefly confined to the country whose name it bears.

b. Barbarous names.—Some authors protest strongly against the introduction of exotic words into our Latin nomencla-
ture, others defend the practice with equal warmth. We may remark, first, that the practice is not contrary to classical
usage, for the Greeks and Romans did occasionally, though with reluctance, introduce barbarous words in a modified
form into their respective languages. Secondly, the preservation of the trivial names which animals bear in their native
countriesis often of great use to the traveller in aiding him to discover and identify species. We do not therefore consider,
if such words have a Latin termination given to them, that the occasional and judicious use of them as scientific terms
can be justly objected to.

¢. Technical names.—AIll words expressive of trades and professions have been by some writers excluded from zoology,
but without sufficient reason. Words of this class, when carefully chosen, often express the peculiar characters and habits
of animals in a metaphorical manner, which is highly elegant. We may cite the generic names Arvicola, Lanius, Pastor,
Tyrannus, Regulus, Mimus, Ploceus, & c., as favourable examples of this class of names.

d. Mythological or historical names—When these have no perceptible reference or allusion to the characters of the
object on which they are conferred, they may be properly regarded as unmeaning and in bad taste. Thus the generic
names Leshia, Leilus, Remus, Corydon, Pasiphae, have been applied to a Humming bird, a Butterfly, a Beetle, a Parrot,
and a Crab respectively, without any perceptible association of ideas. But mythological names may sometimes be used as
generic with the same propriety as technical ones, in cases where a direct allusion can be traced between the narrated
actions of a personage and the observed habits or structure of an animal. Thus when the name Progne is given to a Swal-
low, Clotho to a Spider, Hydra to a Polyp, Athene to an Owl, Nestor to a grey-headed Parrot, &c., a pleasing and benefi-
cial connexion is established between classical literature and physical science.

e. Comparative names—The objections which have been raised to words of this class are not without foundation. The
names, no less than the definitions of objects, should, where practicable, be drawn from positive and self-evident cha-
racters, and not from a comparison with other objects, which may be less known to the reader than the one before him.
Specific names expressive of comparative size are also to be avoided, as they may be rendered inaccurate by the after-
discovery of additional species. The names Picoides, Emberizoides, Pseudoluscinia, rubeculoides, maximus, minor,
minimus, & c. are examples of this objectionable practice.

f. Generic names compounded from other genera.—These are in some degree open to the same imputation as compara-
tive words; but as they often serve to express the position of a genus as intermediate to, or allied with, two other genera,
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they may occasionally be used with advantage. Care must be taken not to adopt such compound words as are of too great
length, and not to corrupt them in trying to render them shorter. The names Gallopavo, Tetraogallus, Gypaetos, are
examples of the appropriate use of compound words.

g. Specific names derived from persons.—So long as these complimentary designations are used with moderation, and
are restricted to persons of eminence as scientific zoologists, they may be employed with propriety in cases where
expressive or characteristic words are not to be found. But we fully concur with those who censure the practice of
naming species after persons of no scientific reputation, as curiosity dealers (e. g. Caniveti, Boissoneauti), Peruvian prie-
stesses (Cora, Amazilia), or Hottentots (Klassi).

h. Generic names derived from persons—Words of this class have been very extensively used in botany, and therefore it
would have been well to have excluded them wholly from zoology, for the sake of obtaining a memoria technica by
which the name of a genus would at once tell us to which of the kingdoms of nature it belonged. Some few personal
generic names have however crept into zoology, as Cuvieria, Mulleria, Rossia, Lessonia, &c., but they are very rarein
comparison with those of botany, and it is perhaps desirable not to add to their number.

i. Names of harsh and inelegant pronunciation.—These words are grating to the ear, either from inelegance of form, as
Huhua, Yuhina, Craxirex, Eschscholtz, or from too great length, as chirostrongyl ostinus, Opetiorhynchus, brachypodioi-
des, Thecodontosaurus, not to mention the Enaliolimnosaurus crocodilocephal oides of a German naturalist. It is need-
less to enlarge on the advantage of consulting euphony in the construction of our language. As a general rule it may be
recommended to avoid introducing words of more than five syllables.

k. Ancient names of animals applied in a wrong sense.—It has been customary, in numerous cases, to apply the names of
animals found in classic authors at random to exotic genera or species which were wholly unknown to the ancients. The
names Cebus, Callithrix, Spiza, Kitta, Sruthus, are examples. This practice ought by no means to be encouraged. The
usua defencefor it is, that it isimpossible now to identify the species to which the name was anciently applied. But it is
certain that if any traveller will take the trouble to collect the vernacular names used by the modern Greeks and Italians
for the Vertebrata and Mollusca of southern Europe, the meaning of the ancient names may in most cases be determined
with the greatest precision. It has been well remarked that a Cretan fisher-boy is a far better commentator on Aristotle's
'History of Animals' than a British or German scholar. The use however of ancient names, when correctly applied, is
most desirable, for "in framing scientific terms, the appropriation of old words is preferable to the formation of new
ones’."

I. Adjective generic names—The names of genera are, in all cases, essentially substantive, and hence adjective terms
cannot be employed for them without doing violence to grammar. The generic names Hians, Criniger, Cursorius, Niti-
dula, &c. are examples of thisincorrect usage.

m. Hybrid names.—Compound words, whose component parts are taken from two different languages, are great defor-
mities in nomenclature, and naturalists should be especially guarded not to introduce any more such terms into zoology,
which furnishes too many examples of them already. We have them compounded of Greek and Latin, as Dendrofal co,
Gymnocorvus, Monoculus, Arborophila, flavigaster; Greek and French, as Jacamaralcyon, Jacamerops,; and Greek and
English, as Bullockoides, Gilbertsocrinites.

n. Names closely resembling other names already used.—ByYy Rule 10 it was laid down, that when a name is introduced
which isidentical with one previously used, the later one should be changed. Some authors have extended the same prin-
ciple to cases where the later name, when correctly written, only approaches in form, without wholly coinciding with the
earlier. We do not, however, think it advisable to make this law imperative, first, because of the vast extent of our nomen-
clature, which rendersit highly difficult to find a name which shall not bear more or less resemblance in sound to some

3. Whewell, Phil. Ind. Sc. v. i. p. Ixvii.
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other; and, secondly, because of the impossibility of fixing alimit to the degree of approximation beyond which such a
law should cease to operate. We content ourselves, therefore, with putting forth this proposition merely as a recommen-
dation to naturalists, in selecting generic names, to avoid such astoo closely approximate words already adopted. So with
respect to species, the judicious naturalist will aim at variety of designation, and will not, for example, call a species
virens or virescensin a genus which already possesses aviridis.

0. Corrupted words.—In the construction of compound L atin words, there are certain grammatical rules which have been
known and acted on for two thousand years, and which a naturalist is bound to acquaint himself with before he tries his
skill in coining zoological terms. One of the chief of theserulesis, that in compounding words all the radical or essential
parts of the constituent members must be retained, and no change made except in the variable terminations. But several
generic names have been lately introduced which run counter to this rule, and form most unsightly objectsto all who are
conversant with the spirit of the Latin language. A name made up of the first half of one word and the last half of another,
is as deformed a monster in nomenclature as a Mermaid or a Centaur would be in zoology; yet we find examplesin the
names Corcorax (from Corvus and Pyrrhocorax), Cypsnagra (from Cypselus and Tanagra), Merulaxis (Merula and
Synallaxis), Loxigilla (Loxia and Fringilla), &c. In other cases, where the commencement of both the simple words is
retained in the compound, afault is still committed by cutting off too much of theradical and vital portions, asisthe case
in Bucorvus (from Buceros and Corvus), Ninox (Nisus and Noctua), &c.

p. Nonsense names—{..] The following are examples: Viralva, Xema, Azeca, Assiminia, Quedius, Spisula. To the same
class we may refer anagrams of other generic names, as Dacelo and Cedola of Alcedo, Zapornia of Porzana, &c. Such
verbal trifling asthisisin very bad taste, and is especially calculated to bring the science into contempt. It finds no prece-
dent in the Augustan age of Latin, but can be compared only to the puerile quibblings of the middle ages. It is contrary to
the genius of all languages, which appear never to produce new words by spontaneous generation, but always to derive
them from some other source, however distant or obscure. And it is peculiarly annoying to the etymologist, who after
seeking in vain through the vast storehouses of human language for the parentage of such words, discovers at last that he
has been pursuing an ignis fatuus.

g. Names previously cancelled by the operation of § 6.—Some authors consider that when a name has been reduced to a
synonym by the operations of the laws of priority, they are then at liberty to apply it at pleasure to any new group which
may be in want of a name. We consider, however, that when a word has once been proposed in a given sense, and has
afterwards sunk into asynonym, it isfar better to lay it aside for ever than to run the risk of making confusion by re-issu-
ing it with anew meaning attached.

r. Specific names raised into generic.—It has sometimes been the practice in subdividing an old genus to give to the les-
ser genera so formed, the names of their respective typical species. Our Rule 13 authorizes the forming a new specific
name in such cases; but we further wish to state our objections to the practice altogether. Considering as we do that the
original specific names should as far as possible be held sacred, both on the grounds of justice to their authors and of
practical convenience to naturalists, we would strongly dissuade from the further continuance of a practice which is gra-
tuitous in itself, and which involves the necessity of altering long-established specific names. [..]

[Familiesto end in idag and Subfamiliesininag] [..]

§ B. It is recommended that the assemblages of genera termed families should be uniformly named by adding the termi-
nation idaeto the name of the earliest known, or most typically characterized genus in them; and that their subdivisions,
termed subfamilies, should be similarly constructed, with the termination inse

These words are formed by changing the last syllable of the genitive case into ideeor inseas Srix, Srigis, Srigidag
Buceros, Bucerotis, Bucerotideg not Srixideg Buceridae

[ Specific names to be written with a small initial.]
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A convenient memoria technica may be effected by adopting our next proposition. It has been usual, when the titles of
species are derived from proper names, to write them with a capital letter, and hence when the specific name is used
aoneit isliable to be occasionally mistaken for the title of a genus. But if the titles of species were invariably written
with asmall initial, and those of genera with a capital, the eye would at once distinguish the rank of the group referred
to, and a possible source of error would be avoided. It should be further remembered that all species are equal, and
should therefore be written all alike. We suggest, then, that

§ C. Specific names should always be written with a small initial |etter, even when derived from persons or places, and
generic names should be always written with a capital.

[The authority for a species, exclusive of the genus, to be followed by a distinctive expression.]

The systematic names of zoology being still far from that state of fixity which is the ultimate aim of the science, it isfre-
quently necessary for correct indication to append to them the name of the person on whose authority they have been pro-
posed. When the same person is authority both for the specific and generic name, the case is very simple; but when the
specific name of one author is annexed to the generic name of another, some difficulty occurs.

For exampl e, the Muscicapa crinita of Linnaaus belongs to the modern genus Tyrannus of Vieillot; but Swainson was
the first to apply the specific name of Linnaaus to the generic one of Vieillot. The question now arises, Whose authority is
to be quoted for the name Tyrannus crinitus? The expression Tyrannus crinitus, Lin., would imply what is untrue, for
Linnaaus did not use the term Tyrannus; and Tyrannus crinitus, Vieill., is equally incorrect, for Vieillot did not adopt the
name crinitus. If we call it Tyrannus crinitus, Sw., it would imply that Swainson was the first to describe the species, and
Linnaaus would be robbed of his due credit. If we term it Tyrannus, Vieill., crinitus, Lin., we use a form which, though
expressing the facts correctly, and therefore not without advantage in particular cases where great exactness is required,
is yet too lengthy and inconvenient to be used with ease and rapidity. Of the three persons concerned with the construc-
tion of abinomial title in the case before us, we conceive that the author who first describes and names a species which
forms the groundwork of later generalizations, possesses a higher claim to have his name recorded than he who after-
wards defines a genus which is found to embrace that species, or who may be the mere accidental means of bringing the
generic and specific names into contact. By giving the authority for the specific name in preference to all others, the
inquirer isreferred directly to the original description, habitat, & c. of the species, and is at the same time reminded of the
date of itsdiscovery; while genera, being less numerous than species, may be carried in the memory, or referred toin sys-
tematic works without the necessity of perpetually quoting their authorities. The most simple mode then for ordinary use
seems to be to append to the original authority for the species, when not applying to the genus also, some distinctive
mark, such as (sp.) implying an exclusive reference to the specific name, as Tyrannus crinitus, Lin. (sp.), and to omit this
expression when the same authority attaches to both genus and species, as Ostrea edulis, Lin.* Therefore,

§D. It isrecommended that the authority for a specific name, when not applying to the generic name also, should be fol-
lowed by the distinctive expression (sp.).

[New genera and species to be defined amply and publicly.]

A large proportion of the complicated mass of synonyms which has now become the opprobrium of zoology, has origina-
ted either from the slovenly and imperfect manner in which species and groups have been originally defined, or from
their definitions having been inserted in obscure local publications which have never obtained an extensive circulation.
Therefore, although under § 12, we have conceded that mere insertion in a printed book is sufficient for publication, yet
we would strongly advise the authors of new groups always to give in the first instance a full and accurate definition of
their characters, and to insert the same in such periodical or other works as are likely to obtain an immediate and exten-
sive circulation. To state this briefly,

4.  Theexpression Tyrannus crinitus (Lin.) would perhaps be preferable from its greater brevity.
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§ E. It isrecommended that new genera or species be amply defined, and extensively circulated in the first instance.

[The names to be given to subdivisions of genera to agree in gender with the original genus]

In order to preserve specific names as far as possible in an unaltered form, whatever may be the changes which the
generato which they are referred may undergo, it is desirable, when it can be done with propriety, to make the new sub-
divisions of genera agree in gender with the old groups from which they are formed. This recommendation does not
however authorize the changing the gender or termination of a genus already established. In brief,

§ F. It is recommended that in subdividing an old genus in future, the names given to the subdivisions should agree in
gender with that of the original group.

[Etymologies and types of new genera to be stated.]

It is obvious that the names of generawould in general be far more carefully constructed, and their definitions would be
rendered more exact, if authors would adopt the following suggestion.—

§ G It isrecommended that in defining new generathe etymology of the name should be always stated, and that one spe-
cies should be invariably selected as atype or standard of reference.

In concluding this outline of a scheme for the rectification of zoologica nomenclature, we have only to remark, that
amost the whole of the propositions contained in it may be applied with equal correctness to the sister science of botany.
We have preferred, however, in this essay to limit our views to zoology, both for the sake of rendering the question less
complex, and because we conceive that the botanical nomenclature of the present day standsin much less need of distinct
enactment than the zoological. The admirable rules laid down by Linnaaus, Smith, Decandolle, and other botanists (to
which, no less than to the works of Fabricius, Illiger, Vigors, Swainson, and other zoologists, we have been much
indebted in preparing the present document), have always exercised a beneficial influence over their disciples. Hence the
language of botany has attained a more perfect and stable condition than that of zoology; and if this attempt at reforma-
tion may have the effect of advancing zoological nomenclature beyond its present backward and abnormal state, the
wishes of its promoters will be fully attained.

(Signed) H. E. STRICKLAND. J. S. HENSLOW.
June27,1842.  JOHN PHILLIPS. W. E. SHUCKARD.
JOHN RICHARDSON. G R. WATERHOUSE.
RICHARD OWEN. W. YARRELL.
LEONARD JENYNS. C. DARWIN.
W. J. BRODERIP. J. 0. WESTWOOD.
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Appendix 2

Excerpts from Anon. (1843), pages 305 through 315, translated by Alessandro Minelli

Proceedings of the Fourth Meeting of Italian Scientists held in Padova, September 1842

Session of 27 September [1842]

The Botanical Section and the Zoological Section are jointly meeting under the Presidency of Prof. [Giuseppe L.] Mor-
etti, to discuss the plan intended to provide these sciences with uniform and lasting nomenclature.

His Excellence the Governor of the Venetian Provinces honours the assembly of his presence.

The minutes of the previous session are approved.

The President invites Prince [Carlo Luciano] Bonaparte to illustrate the plan, as announced.

Prince Bonaparte narrates that the distinct British ornithologist Mr. [Hugh] Strickland first drafted this plan and cir-
culated it among friends including Prince Bonaparte himself, to get their comments and suggestions; that he reformul ated
it in thelight of these friendly comments and subsequently submitted it to the British Association for an evaluation. The
latter body delegated the examination of that plan to a Committee that modified it slightly, eventually presenting the doc-
ument to that Society’s meeting held earlier this year in Manchester. The text now newly published as an expression of
that Assembly will now be presented by Prince Bonaparte to the Botanical and Zoological Sections meeting together
today, on the basis of still unpublished page proofs he has been sent precisely to thisaim. However, before starting read-
ing the plan, on behalf of the [Zoological] Section of which he isthe President, Mr. Prince kindly asks botanists for help,
as their discipline has been more respectful of the rules of nomenclature and has kept strict to the principles established
by Linnaeus, just an exceptional minority being those authors who from time to time abandoned that track, while zoolo-
gists have quite often abused of nomenclature in the most different ways. Thus the Prince is pleased with the idea first
conceived by himself, to ook at botany for inspiration — an idea completely overlooked by the British colleagues respon-
sible for this new plan for reforming zoological nomenclature. By unifying in these matters the procedures of botanists
and zoologists, he much hopes eventually to provide a good service to the latter. Further, he announces that he will limit
himself to present the most fundamental rules of his new plan, and also asks the President to established a Commission
with the duty of examining and discussing it. To aptly introduce matters he illustrates the need, widely felt in zoology
especialy, to reform nomenclature in order to limit the increasing flood of abuse by fixing invariant and indisputable
rules. He points out that the hope that these ruleswill be eventually observed by everybody can only rest on their promul-
gation by a body of scientists such as a scientific Congress, currently the only authority to be universally obeyed. Then,
after fixing the principle that such areform should only deal with Latin systematic nomenclature, he fixes the principle of
priority asits only right and effective guide. In this context he remarks on the purely conventional nature of scientific
names, to the exclusion of any current or possible meaning of names as such; and that the only authority to be respected
in accepting and conserving a name should be that of the scientist who first used it as the name of an object previously
devoid of systematic denomination. On this background he presents the rules as follows.

I.  The name originally given by the student who first established a group or a speciesis to be permanently
retained, to the exclusion of any later synonym.

Marquis [Massimiliano] Spinola [entomologist] objects that such a rule would fix the errors of those who created false
species or groups, just because they were the first to introduce those names. The Prince replies by providing a more com-
plete explanation of the rule. Marquis Spinola believes that the case when a given group proposed by someone must be
suppressed to divide it into a number of smaller groups must be kept outside the domain of application of that rule, but
the Prince repliesthat in that case one of the newly established smaller groups must retain the original denomination pre-
viously given to the larger group. Prof. [Filippo] Parlatore [professor of botany in Florence] raises the objection that even
[Augustin Pyramus] de Candolle [Swiss botanist] who first established the rule of priority as the most important funda-
ment of homenclature, neverthel ess acknowledged that in some cases exceptions have to be accepted. The Prince agrees
that such exceptions must be accepted and anticipates that a paragraph to be discussed later (para. 1X) deals precisely
with those exceptions. Marquis Spinola remarks that to determine the principle of precedence, simple name priority is
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not enough, as such an authority has only to be acknowledged to the first student who actually described a given object in
scientific terms. On this point the Prince also remarks that alater paragraph (para. X11) is specifically devoted to it. [..]

Continuing reading, the Prince established a limit to this otherwise undefined anteriority, and in agreement to the
previously accepted principle to only deal with binomial names used for systematic purposes, as first done by Linnaeus,
introduces a second principle, asfollows.

I1. As binomial nomenclature originated with Linnaeus, the rule of priority should not be extended to pre-Linnaean
authors.

Marquis Spinola, while agreeing with the principle of setting a temporal beginning to the botanical and zoological
nomenclature, nevertheless remarks that Linnaeus himself did often mix more than one species under one name, espe-
cialy in the case of animals of the latter classes; as a consequence, it would be advisable to go back in time only to
authors more recent than Linnaeus. President Moretti, only speaking for plants, remarks that previous to Linnaeus, [the
French botanist Joseph Pitton de] Tournefort had already defined many genera with wonderful exactitude and that Lin-
naeus himself in the second edition of Systema Naturae changed many genus names he had used in the first edition,
replacing them with those of Tournefort that have been subsequently retained in the later editions. To the first objection
the Prince replies by offering azoological example, asillustrated in his own written document. This exampleis about the
generic names exquisitely introduced by [the French zoologist Mathurin Jacques] Brisson at the same time as Linnaeus.
These names should be retained, but substituting the specific names provided by Linnaeus for the specific phrases, or the
first word of these, as provided instead by Brisson. Same way should be treated the anal ogous examples where with the
first word of the specific phrase one can form an accidental binomen: in al these instances, he argues, the Linnagan spe-
cific name must be retained even if another author’s generic name is adopted. President prof. Moretti gives examples of
genera aptly defined by [the Italian botanist Pier Antonio] Micheli and Tournefort prior to Linnaeus; and also reminds
that Linnaeus himself in his earlier works employed descriptive phrases to designate individual species, and only by the
second edition of Flora suecica he begun using binomials. As a consequence, he suggest that 1753, rather than [a speci-
fied edition of] Systema Naturae, should be accepted as the official starting point of scientific nhomenclature. Prince
Bonaparte remarks that the same might be said of Fauna suecica. On the other hand, the founding father of systematic
botany and zoology could well enjoy the privilege of changing the rules. Finally, the Prince expressed the view that it is
advisable to accept the universally followed principleto fix Systema Naturae as nomenclature's starting point. As for the
genera established before him, Linnaeus partly accepted them, partly rejected as invalid, partly finally accepted but
changed their name. In this last case it could be possible to favour Linnaeus by accepting, as an exception, his names
rather than the older ones.

Subsequently, by distinguishing the different groups of organisms, that is, genera, families, tribes etc. as succes-
sively higher levels of generalization, he forms for these groups the third rule.

I11. Therule of priority, despite its usefulness as a guide in respect to the names of higher groups, should not be rig-
orously applied except in the case of genus and species names. [..]

IV. Once established, a generic name should not be cancelled whenever the genus is subsequently split into nar-
rower genera, but retained instead as the name of one of these parts.

V. Theoriginal generic name should be reserved to that part of the original genus that the author regarded as typ-
ical. [..]

V1. When the original type of a genusis not perfectly clear and unquestionable, the researcher who first subdivides
itisfreeto restrict the original name to one or the other of its sections. His action should not be reversed by any subse-
quent work.

VII. When two independent authors define and provide with different names the same genus, by giving it the exactly
same extension, the younger name must be wholly cancelled.

VIII. If ayounger name is introduced to exactly cover the joint extension of two or more previously published gen-
era, that name must be definitely cancelled.
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IX. When many smaller genera are combined into one, the oldest of their names must be retained as the name of
the whole larger genus thus obtained. [..]
President Prof. Moretti asks about any possibly different treatment for names aready in existence vs. those still to be
introduced. The Prince explains that the plan he has the honour to present today includes for the two sets of names sepa-
rate provisionsin two distinct articles. [..]

X. A name must be changed if it has already been used as the name of a different genus of either animals and
plants, or of another speciesin the same genus|..]

XI11. A new specific nameisto be provided for a speciesif its older name has been later adopter for a genusinclud-
ing that species.

XIV. The rules of the Latin grammar should be followed in writing zool ogical and botanical names. [..]

The Prince invites the President to ask the jointly meeting Sectionsto vote on the general principles of this plan, irrespec-
tive of the fact that the same will be subjected to the critical evaluation of the Commission the President will eventually
appoint. President Prof. Moretti however disagrees, as the objections raised witness the lack of universal agreement on
the plan’s general principles, and also because he does not believe that such a vote could be universally binding for all
naturalists. On behalf of the zoologists, Prince Bonaparte repeats that he will mainly rely on the evaluation to be
expressed by botanists, as more advanced than zool ogists in matters of homenclature. He also expresses his satisfaction
as, whilst he expected to find among them the strongest opposition to the basic principle of priority, he found instead that
botanists go even further in that direction than his plan itself, discussion being limited to the few exceptions to the rules
accepted in his document. Subsequently, President Prof. Moretti fixes the membership of the Commission, following
consultation with the Prince about the most suitable names among the zool ogists. He thus indicates the following: Mar-
quis Spinola, Cav. [Carlo] Bassi, Clarlo] Porro, [Filippo] de Filippi and Prince Bonaparte [..]. Of botanists, Prof. [Gae-
tano] Savi, Prof. Parlatore, Prof. [Roberto de] Visiani, Mr. [Vittore Benedetto Antonio] Trevisan, Prof. Moretti as
President and Prof. [Giuseppe] Meneghini asthe Commission’s Secretary. [..]

Sgned — President Prof. G. Moretti
Secretaries Prof. G. Meneghini and Prof. F. Parlatore
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Appendix 3

Excerpts from Anon. (1844), pages 761 through 763; 792, trandated by Alessandro Minelli

Proceedings of the Fifth M eeting of Italian Scientistsheld in Lucca, September 1843

Session of day 20 September [1843]

[..] The Secretary reads Marquis Spinola’s report, who is almost contrary to this project so warmly cherished by many
naturalists. President Prince of Canino will later rebut one by one the arguments of the illustrious Entomologist, while
limiting himself at the moment to remark that it is easier to destroy a house than to build it; he also expresses his hope
that Marquis Spinolawill eventually help with the project rather than doubt its success. The next reading is by Mr. Porro,
who presents a document written by himself also on behalf of Cav. Bassi and Dr. De Filippi. [..]

This is followed by a discussion, from which an agreement emerges on accepting the XII edition of Systema
Naturae as the most sensible starting point when establishing priority. [..] The President [..] disagrees on the principle
that a name used for an animal genus cannot be used also for aplant genus. [..] De Visiani, Meneghini and Trevisan com-
ment on the point, previously also made by Prince Bonaparte, that botanists, who have not shared the many errors of
zoologists in matters of nomenclature, would be ill-advised if they would part from the rules established by Linnaeus.
Nevertheless, their document also remarks that “ De Candolle has added some useful change to those rules, and others are
required by the current state of science and by the recurrence of abuse. Nevertheless, what is most deeply felt by Bota-
nistsis the need to rigorously follow the set of rules established by Linnaeus’. Furthermore, this Commission regards as
insufficient the plan proposed by the British zool ogists, while, with suitable modifications, the Linnaean code could be
adapted to zoology too. Therefore, they propose:

“1. To examine and whenever required to update the Linnaean rules as pertaining to Botany.

2. To examine with mature judgement the possible application of these same rules to Zoology too. To thisaim
the work done by British zoologists will provide help, but cannot be taken as the real starting point to reform nomencla-
ture.” [..]

Signed — The President Carlo Principe Bonaparte
The Secretaries of the Botany Sections—Doatt. L. Masi and L. E. Celi
The Secretary of the Zoology Section—Dott. T. Riboli
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Abstract

Nomenclature represents the backbone upon which virtually al biological information is organized. However, the prac-
tice of zoological nomenclature has changed relatively little since its start in 1758. As modern technology changes the
paradigm under which modern scientists exchange information, there is increasing need to capitalize on these same tech-
nologiesto fortify nomenclature. ZooBank has been proposed as the official registry of names and nomenclatural acts, in
zoology, as well as associated published works and their authors, and type specimens. Having a coordinated registry of
zoological names, integrated with the existing Code of Zoological Nomenclature, will allow increased efficiency of com-
munication among biologists, and enhanced stability of names. Such a registry would encompass two distinct realms,
each with their own set of challenges. Retrospective registration involves the monumental task of aggregating and vali-
dating two and a half centuries of existing names, whereas prospective registration must be tightly integrated with the
future paradigm in which scientific names are created and managed under new models of publication. The prototype of
ZooBank has been hosted at Bishop Museum during itsinitial development phase. Following the lead of standard-setting
bodies in biodiversity informatics, Life Science Identifiers (LSIDs) have been selected for use as the globally unique
identifiersfor ZooBank registration entries. The first ZooBank L SIDswere issued on January 1%, 2008, and included five
new fish species described in awork published that same day, aswell as all 4,819 names established in the 10" Edition of
Linnaeus' Systema Naturae. Three alternate scenarios for implementing mandatory registration in ZooBank have been
articulated, each incorporating different degrees of coordination between published works and registration events. A
robust discussion involving a broad spectrum of practicing zoological taxonomistsisrequired over the next several years
to define the specific implementation aspects of ZooBank.

Key words: Linnaeus, Prospective registration, Registration of names and acts, Retrospective registration, Systema
Naturae

Introduction
Sense and stability in nomenclature

Stable nomenclature is at the heart of clear and unambiguous communication about biodiversity. Species
names provide the most consistent anchor to which all taxonomic, ecological, molecular, conservation, and
other biologically relevant data are attached. Legal protection and policy are also linked with names, on the
assumption that the groups indicated by the names are consistent through time and among places. Scientific
discussion relies on names having unequivocal, context-independent meanings. Medical and veterinary imple-
mentation requires communication about unambiguous identifications. Although discovery and delineation of
species may receive the emphasis of high-profile press coverage, all taxonomic practice is crucially dependent
on a stable nomenclature to provide a steady platform on which to build. The International Commission on
Zoological Nomenclature (ICZN) has, for the past 113 years, set the rules by which scientific names for ani-
mals are established, as currently set forth in the ICZN Code of Nomenclature (‘the Code’, 4" Edition, 1999).
The ICZN isthe single professional organization devoted to ensuring that thiswork happensin aglobally con-
sistent way, providing continuity both for new species discoveries and for the correction of errors and incon-
sistenciesin past works.

Development of aregistry for new animal names (prospective registration) and a complete listing of exist-
ing names (retrospective registration) has long been agoal for biologists. The stakeholders for a gold-standard
registry of animal names are diverse and central to the functioning of many biological sciences and to policy
concerned with the living world. They include not only taxonomists, ecologists, and biodiversity informatics
specialists but also conservationists, medical and veterinary workers, planners, policy makers, lawyers and
even customs enforcers. Their requirements include ready access to a system of unambiguous answers to
questions on the availability and validity of animal names that can be retrieved both by ordinary people and
machines. The ICZN is meeting this need by developing ZooBank, a web-based registry of animal names
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(Polaszek et al. 20054a). Thiswill include nomenclatural acts (including new names), publications, authors and
information on primary type specimens, and serve as aresolver for LSIDs (Life Science Identifiers), atool for
global communication among bioinformatics projects. It will be both a hub and authority for nomenclatural
information.

Taxonomy, nomenclature and typification

Taxonomy and nomenclature are closely alied, but separate and complementary endeavors in developing the
language of biodiversity. Discovering and delimiting species is the challenging job of alpha taxonomy; deter-
mining relationships and establishing higher taxa is referred to as beta taxonomy. Delimiting both alpha and
beta taxa requires using a range of character data to test hypotheses about the inclusiveness of taxon defini-
tions. This can naturally lead to strongly opposing alternative points of view, depending on character selec-
tion, method of analysis, and philosophical stance of the taxonomist. Definitions of taxa, from species to
genera to higher taxa, can thus change significantly as the iterative process of improving the tests of taxo-
nomic boundaries weighs alternative hypotheses and moves to new conclusions. Although it may be a source
of frustration to end-users who simply want defined taxonomic entities, this process of change is asign of the
health of the science of taxonomy. Ultimately, if data accumulation were to saturate and if philosophical per-
spectives on species definitions were to converge, it is possible that taxonomy would stabilize and reach con-
sensus definitions for taxa (changing only to accommodate ongoing organismal evolution). This situation is
not on the horizon.

By contrast, the establishment of scientific names of animalsis not a scientific process of testing aterna-
tives; rather, it involves a bibliographic and quasi-legal process of presentation of a name with appropriate
supporting documentation in a publication. Although a scientific nameis generally established within the con-
text of a published work on taxonomy, its link to actual organisms is through the primary type specimen (or
specimens). This process of typification allows the name to be tied to a physical standard (and hence provides
an objective basis for identifications), but leaves room for taxonomy to change; different names can be
applied to taxa as is appropriate for their new boundaries. Figure 1 presents a tree-based example, in which
alternative interpretations by different taxonomists result in different generic groupings, each of which could
take a different name depending on the type species of the generic group. The same process could be visual-
ized simply based on variation, with amoreinclusive (‘lumping’) perspective requiring one type specimen for
a species, thus receiving one name; whereas a more divisive (‘splitting’) perspective requires names derived
from several type specimens for the perceived groups. Choosing between available names for typesin a group
is generally governed by the Principle of Priority, such that name first established should be used for that
group (Figure 1). However, even if names are not in current use for a group, if they were originaly validly
published they are not permanently retired, as they may well be needed in the future. Taxonomic work may
split an existing group, because less inclusive taxa are more consistent with datain hand. Having older names
ready to apply provides an immediate tool for recovering past information on that taxon. This means that
ZooBank must include both names in current use and all past, validly described names.

We want to underscore that the work of nomenclature aims for stability in names, but is completely inde-
pendent of the process of flexibility in taxonomic interpretation. This philosophy is fundamental to the
ICZN'srole, as articulated in the Introduction to the 4" Edition of the ICZN Code which states:

There are certain underlying principles upon which the Code is based. These are as follows:

(1) The Code refrains frominfringing upon taxonomic judgment, which must not be made subject to regu-
lation or restraint.

(2) Nomenclature does not determine the inclusiveness or exclusiveness of any taxon, nor the rank to be
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accorded to any assemblage of animals, but rather provides the name that is to be used for a taxon whatever

taxonomic limits and rank are given to it.
(3) The device of name-bearing types allows names to be applied to taxa without infringing upon taxo-

nomic judgment. [etc] (ICZN p. xix).

A cartoon graphic for the relationship of the trinity of nomenclature, taxonomy and type specimens is
shown in Figure 2.

Taxonomist 4  e—_—S — S Aus
Taxonomist 3 e Cus
Taxonomist 2 Aus
Taxonomist 1 Aus Cus Eus
3 3 *
A B C D E F 6H I
¥ Type species

FIGURE 1. Diagrammatic representation of different nomenclatural interpretations for species A through I, mapped to a
hypothesized phylogeny. Taxonomist 1 recognizes three new genus names; the genus Aus is typified by species A; Cus
by species C, and Eusis by species E. Taxonomist 2 treats them as congeners (the diagram assumes that Aus has nomen-
clatural priority over Cus, and Cus over Eus). Taxonomist 3 recognizes two genera. Taxonomist 4 believes the underlying
phylogeny is incorrect, and interprets the breakdown of two genera differently. Typification is necessary to establish
which cluster each genus name is associated with, when taxonomic definitions of genera change.

@nenclatuaxonom))

Type specimen

FIGURE 2. Diagrammatic representation of how type specimens represent the intersection of nomenclature and
taxonomy.
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Why do names need regulation?

The ICZN was established to address a situation in the mid 19" century described as ‘increasing chaos in zoo-
logical nomenclature’ (Melville 1995). Taxonomists were tackling the description and naming of an ever-
expanding number of species they encountered from explorations of distant places, in addition to increased
recognition of diversity from their home turf. The number of errors, inconsistencies and redundancies in
application of names, either in synonymy or homonymy, began to create serious problems in the core objec-
tive of the Linnean enterprise of an unambiguous name for each species. Taxonomists working without access
to the full literature inadvertently described taxa with the same name as another species in another taxonomic
group, creating homonyms. Conversely, different workers in different parts of the world would unknowingly
assign different names to what would otherwise be regarded as the same species, thereby creating synonyms.

At its inception, the ICZN acted on behalf of the zoological community at large, and with cooperation
among taxonomists despite linguistic, political and taxonomic differences, even through world wars, to
achieve a set of stabilizing rules for naming animals. The problems to be addressed then were, at their root, the
result of lack of accessto published information. The current revolution in information availability means that
the information is now increasingly accessible, but in its shear volume the problems of disorganization from
inappropriate names are becoming more starkly apparent. The consegquences are serious, in that informationis
inappropriately presented and errors are propagated. Rigorous nomenclature must become dynamically inte-
grated into the tools of cybertaxonomy.

The challenges of prospective and retrospective registration

In an ideal world, ZooBank would include full, verified information on all available names for animals. How-
ever, with 16,000-24,000 new additions yearly (N. Robinson, Zoological Record pers. comm., P. Bouchet,
pers. comm.) to an estimated 1.7—1.8 million described animal species (Bouchet 2006), the numbers of names
to be checked for homonymy and objective synonymy is enormous, so the logistics of populating the registry
require strategic approaches. The need for reliable names for biodiversity work is urgent, so the tasks must be
partitioned.

The first task for ZooBank is the establishment of a‘Black List’ of unavailable names. This would serve
as afoundation for on-line quality control that could be applied across projects, for example, by publishers to
flag inappropriate usages of unavailable names. This is achievable with the recent digitization of the Official
Lists and Indexes of Names and Works in Zoology by J.D.D. Smith, which could be implemented (through its
2007 version) within ZooBank.

The creation of a‘White List’ of al available namesis amuch more difficult task, comprised of two parts.
Prospective registration of new names, as they are published, will require active listing by taxonomists as
they describe their thousands of new species each year, in a manner analogous to registering GenBank
sequences today. This will rely on large-scale participant buy-in. Publishers are likely to support this, as the
LSIDs resulting from ZooBank listing (described below) will allow greater exposure for their publications.
The nomenclatural reliability of biodiversity informatics initiatives such as the Globa Biodiversity
Information Facility (GBIF), Encyclopedia of Life (EoL), and Catalogue of Life (CoL), which aim to present
current taxonomic knowledge, will improve through dynamic integration with ZooBank. ZooBank will aso
increase the scope for linking with type specimen information held in museum databases to wider
bioinformatics initiatives.

Working taxonomists appear eager to register names, and the incentives will increase with broader com-
munity use. Although the taxonomic community is strongly behind ZooBank, a straw poll at a large confer-
ence on the topic (EDIT 2008) indicated that registration mandated by the Code (see below) should wait until
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the project has sufficient content, exposure and momentum. Ultimately, however, it is envisaged that as elec-
tronic (paperless) publication becomes more common, a mandatory registration system will become neces-
sary. This point will be a central issue in discussions for publication of the fifth edition of the Code of
Zoological Nomenclature (e.g. http://www.iczn.org/electronic_publication.html).

Retrospective registration of existing names is the greatest challenge for populating ZooBank. Initial
assembly of published names can come from historical sources such as Sherborn (1902—-1933) and Neave
(1939-1996), and various taxon-specific nomenclatural databases. Names will then need to be flagged as to
their level of nomenclatural vetting. One suggestion is a coding system. For example, a Gold (or green) flag
would indicate the name has been checked to its original published source, a Silver (or yellow) flag indicates
it has been checked to a reliable secondary source (e.g. arespected checklist) and a Bronze (or red) flag indi-
cates it has been dumped from an unvetted source. Groups of names of particular interest could then be tar-
geted to be worked-up in toto. For example, groups of concern to CITES could be prioritized with targeted
funds. It might also be possible, with the completion of the Biodiversity Heritage Library, that ‘ citizen scien-
tist’ initiatives could be enlisted to populate ZooBank. Much of this depends on exactly how the scope of
ZooBank will be established (see below), and what protocols for data quality assurance are put into place.

Although the ultimate goal is for ZooBank to act as a definitive source of names, it is the nature of histor-
ical work and taxonomic research that new information can cast doubt on past certainties. As a result,
ZooBank will need to remain updatable, with allowance for external, expert input. We expect that the devel-
opment of search tools will increase the possibility that conflicts within the ZooBank database, and also with
external sources, could be flagged up for correction. We anticipate that ZooBank will develop into an indis-
pensable tool, allowing unprecedented access to reliable nomenclatural information for biodiversity workers
worldwide.

Technical implementation

ZooBank was launched as a functional prototype web site (http://zoobank.org) on January 1%, 2008, coincid-
ing with the 250" anniversary of the official start of Zoological Nomenclature. At its launch the ZooBank reg-
istry included 4,819 names established in the 10" Edition of Linnaeus' Systema Naturae (Linnaeus, 1758), as
well as five new fish species names established in an article published concurrently with the launch of
ZooBank. Since that time, additional nomenclatural acts, published works, authors and type specimens have
been both prospectively and retrospectively registered.

Server architecture and software platform

Theinitial prototype implementation of ZooBank is being developed at the Bishop Museum in Honolulu. The
Bishop Museum was selected in part because of its association with the ICZN (former Commissioner and
President of the ICZN Neal Evenhuis, and current Commissioner Richard Pyle), and in part because of the
existing network facilities and technical support. In particular, the implementation of VMware Virtual Server
Architecture allows for multiple distributed and redundant server platforms to be easily established, enabling
improved performance and fail over support.

In its initial implementation, ZooBank is split across two separate virtual servers, both running the
Microsoft Windows 2003 Server operating system. One is a dedicated web server, hosting the user interface
and web services (http://zoobank.org), which are being developed using Microsoft ASPNET, and the
VB.NET programming language. The other virtual server hosts the database content, which is implemented
with Microsoft SQL Server 2005. The data model is derived from portions of the Taxonomer data model (Pyle
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2004), with modifications specific to the needs of the ZooBank registry. For itsinitial implementation, thereis
only a single instance of the database (with suitable backup); but options for globally-distributed replicated
instances are being explored for the long-term.

All of these (and other) technical implementation details are provisional, established only as an initial
development environment, and do not necessarily have any bearing on the final specifications for the
ZooBank implementation.

Scope of ZooBank registry

At present, four different kinds of data objects may be registered within ZooBank: Nomenclatural Acts, Publi-
cations, Authors, and Type Specimens. Each of these classes of data objects has direct implications for
nomenclature (in accordance with the Code). Although some of these data objects fall within the overlapping
scope of other datainitiatives (e.g., the library community for publications and authors, and the natural history
collections community for type specimens), their importance to Zoologica Nomenclature mandates that
ZooBank establish its own registry for these items in order to preserve autonomy, in the event that external
data entities do not persist for as long as ZooBank persists. ZooBank was originally conceived as being areg-
istry for zoological names as covered by the Code. However, as has been observed by the biodiversity infor-
matics community, there are as many different notions of a name as there are database systems designed to
record them. Thisis not only true across the different major Codes of homenclature (Botanical, Bacteriol ogi-
cal, Zoological, Vira, and Cultivated Plants) and within the broader biodiversity informatics community, but
also within the realm of practicing zoologists. In some cases, names amount to little more than strings of text
characters, sometimes inclusive of authorship and/or year, sometimes restricted to the individual name ele-
ments themselves. In some interpretations, aternate spellings congtitute different names, whereas in other
interpretations, such orthographic variations are regarded as alternative representations of the same name.
Some database systems are designed to treat a name as only a singular element of afull taxonomic name (e.g.
only the species epithet), treating binomials and trinomials more as concatenations of two or three separate
names. Others only regard the complete set of name elementsin a given combination as a single name.

To avoid ambiguity, the core data object as registered in ZooBank is the Nomenclatural Act. A Nomencla-
tural Act isatype of Taxon Name Usage instance, which is defined very generally asthe usage or treatment of
a particular taxon name within some form of documentation (see elaboration of documentation below). In the
context of ZooBank, Nomenclatural Acts are those particular usage instances that have some direct or indirect
bearing on nomenclatural details, as governed by the Code. The most common types of Nomenclatural Acts
are those name-usage instances that constitute the original establishment of new zoological names (i.e., origi-
nal descriptions) in the family-group, genus-group, and species group (for simplicity and clarity, the registra-
tion of such acts are often referred to as as the registration of names; but in fact it is the nomenclatural act
establishing the name that is registered). Other Nomenclatural Acts include emendations, lectotypifications,
neotypifications, First Reviser actions, and other nomenclatural assertions that have direct bearing on aspects
of zoological nomenclature according to the Code. Some have suggested that Nomenclatural Acts may aso
include particular name usage instances such as species-group names used in combination with a genus-group
name other than the original combination. Although such Acts are not directly governed by the Code, they
may affect nomenclature indirectly, such as cases involving secondary homonymy. The complete spectrum of
taxon name usages that may be registered as Nomenclatural Acts within ZooBank has not been formally
established, and is the subject of ongoing discussion.

Inherent to any taxon name usage instance is a documentation instance in which the usage occurred. Such
documentation may be interpreted very broadly, but in the context of ZooBank, it is more narrowly limited to
works published in accordance with Article 8 of the ICZN Code. Because the Code officially regulates vari-
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ous aspects of published works, they represent the second data object included within the scope of the
ZooBank registry. In the context of ZooBank, objects that constitute published works are not limited to tradi-
tionally cited units of publications such as journal articles and book, but may also include individual taxon
treatments within an article or book. The reason for alowing the inclusion of individual taxon treatments as
units of publication within the scope of the ZooBank registry, is to accommodate circumstances where the
authorship of the name (= the authorship of the taxonomic treatment of a name, representing a Nomenclatural
Act) differs from the authorship of the traditionally-cited parent unit of publication (article, book, etc.).

The third type of object included within the scope of the ZooBank registry is Authors. Although not as
extensively governed by the Code as Nomenclatural Acts or Publications, Authors have nevertheless been
integral to zoological nomenclature since its inception, and therefore warrant individual registration. In addi-
tion to the Authors of registered ZooBank Publications, contributors to the ZooBank registry may also be reg-
istered as Authors within ZooBank.

Thefinal object type included within the ZooBank scope is Type Specimens. Of particular importance are
primary or name-bearing types, i.e. holotypes, syntypes, lectotypes, and neotypes. Although specimens cer-
tainly fall into the domain of natural history museums in terms of data management, they nevertheless play a
critical role in nomenclature asthey are the physical standard to which the nameistied, and as such fall within
the scope of ZooBank. Whether or not secondary (non-name-bearing) types may also be entered into the
ZooBank registry has not yet been determined.

ZooBank LSIDs

One of the primary functions of ZooBank is to issue Globally Unique Identifiers (GUIDSs) to each registered
data object. GUIDs are necessary because taxonomic names, author names, publication citations, and refer-
ences to type specimens are not unique (e.g. homonymy of names), are subject to inconsistent representations
in textual form (e.g. Homo sapiens vs. H. sapiens; Linnaeus vs. Linn vs. L.; etc.), and are generally fraught
with ambiguity. Most trained taxonomists have no difficulty resolving these ambiguities, however, computers
are not so adept at making informed inferences and subjective interpretations. They are much more effective
when interpreting, linking, and resolving unambiguous GUIDs.

ZooBank follows the lead of the Biodiversity Informatics Standards (formerly the Taxonomic Databases
Working Group; TDWG), and the Global Biodiversity Information Facility (GBIF) in adopting Life Science
Identifiers (LSIDs) as the type of GUID assigned to registered data objects. LSIDs were originally developed
by IBM, and are implemented, maintained and perpetuated primarily by the biodiversity informatics commu-
nity. LSIDs do not require centralized issuance, and do not directly cost any money to issue. Moreover, there
isagrowing body of software in development and available for use in implementing and resolving LSIDs.

An LSID has minimally five parts, with an optional sixth part. Each part is delimited by acolon (:) charac-
ter (Figure 3). The first two parts are always the same for al LSIDs: the lower-case characters urn:lsid. The
first part identifies it as a Universal Resource Number (URN), and the second part identifies it as an LSID.
The third part is called the Authority Identification, and is usually (but not always) an internet domain name
registered to the LSID issuing entity. The authority identification part of all ZooBank-issued LSIDs is
zoobank.org. The fourth part is the Namespace Identification, and is used to partition sets of identifiers within
aparticular authority. In the case of ZooBank, there are four such logical sets, represented in issued LSIDs by
the text act (for Nomenclatural Acts), pub (for published works), author (for authors of published works, and
for registered users of ZooBank), and specimen (for type specimens). Finaly, every LSID must have an
Object Identification part. This part must be unique within the Authority + Namespace combination. For
ZooBank LSIDs, the object identification is a Universally Unique Identifier (UUID), a standard form of
GUID common to many computer applications. There are several reasons why UUIDs were chosen for the
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object identification part of ZooBank LSIDs (instead of, for example, an integer number or alphanumeric
code). The main reason isthat UUIDs are themselves globally unique, and thusretain their identity even when
stripped of the rest of the LSID parts. UUIDs are not self-resolving (i.e., having only a UUID does not allow
you to automatically find out what the UUID represents), but the L SID wrapper structure (particularly the first
three parts) allows resolution of the information content associated with LSIDs (in this case, ZooBank regis-
tration entities). In the event that LSIDs eventually fall out of favor within the biodiversity informatics com-
munity, the UUID itself could be embedded within a different self-resolving GUID protocol (dueto its global
uniqueness).

urn:lsid:authority.org:namespace:object:version

URN Label| Authority Identification Object Identification
zoobank.org [UUID]
LSID Label Namespace ldentification

act | pub | author | specimen

FIGURE 3. Components of an LSID. There does not appear to be a consistent implementation of the version part of the
LSID, and it is not incorporated into ZooBank L SIDs.

Examples of existing ZooBank L SIDs include the following (the namespace part is emphasized in bold):

Nomenclatural Act: Original establishment of the species name, Chromis abyssus.
urn:lsid:zoobank.org:act:8BDC0735-FEA4-4298-83FA-D04F67C3FBEC

Publication: Published work in which C. abyssus was established (Pyle et al ., 2008).
urn:lsid:zoobank.org:pub:68376390-7809-46FF-9EC4-1371B4A ADOFF

Author: First author of this published work (Richard L. Pyle).
urn:lsid:zoobank.org:author :8C466CBE-3F7D-4DC9-8CBD-26DD3F57E212

Type Specimen: Holotype of C. abyssus (BPBM 40861).
urn:lsid:zoobank.org:specimen: FDE70A5C-59C3-407B-B9A6-5A9A2DA14BD1

It should be emphasized that LSIDs (like UUIDs and all other GUIDs) are intended for use by computers,
not by humans. LSIDs (again, like other GUIDSs) are designed to operate behind the scenes, out of view of
human eyes. They allow easy and unambiguous identification when linking electronic resources together, and
itisin this context that they should be optimized.

Scenariosfor mandatory registration

There has been a great deal of discussion concerning the implications of enforcing mandatory registration
through amendments to or a new edition of the Code. In their announcement of ZooBank, Polaszek et al.
(20054) indicated that their intention was to make ZooBank a mandatory requirement (governed by the ICZN
Code) for future names and nomenclatural acts. In afollow-up technical article, Polaszek et al. (2005b) out-
lined two proposed scenarios for how mandatory registration might be implemented in the Code, and a third
scenario was proposed by Doug Yanega in a series of messages posted to the ZooBank email discussion list
(Yanega, pers. comm.). A more cohesive description of these three alternative scenarios for mandatory regis-
tration (including diagrammatic flow charts) isincluded in Polaszek et al. (2008), and a brief summary is pro-
vided below.
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It is important first to clarify the definition of three terms, which, for the purposes of this article, are as fol-
lows:

Registration: The process of entering a complete record in the ZooBank registry.

Publication: ICZN-compliant published works, as defined in Chapter 3 (Arts. 7-9) of the 4th Edition of
the ICZN Code.

Availability: A nomenclatural act (such as a scientific name applied to an animal taxon) that meets the
criteria of availability set forth in the Code.

Scenario #1: (Publication+Registration)=Availability

The first scenario posits that the act of registration would simply be added to the existing requirements of the
Code, such that in order to be available under the Code, a name or nomenclatural act would need to be both
published in accordance with existing Code rules, and separately registered in ZooBank. Registration could
take place either before or after publication. If registration occurs before or within two years of publication,
the date of availability isthe publication date; but if registration is completed more than two years after publi-
cation, the date of availability is registration date (except in certain extenuating circumstances, as evaluated
by the ICZN.)

Advantages of this scenario are that it would require arelatively small change to existing taxonomic prac-
tice, and it maintainsimplicit quality control viatraditional publication venues. Moreover, many perceive this
scenario as being the most likely to gain broad acceptance by the taxonomic community.

One disadvantage to this scenario is that it would require a somewhat complex procedure involving asyn-
chronous publication and registration events, arbitrary time periods affecting date of availability, and petitions
to the Commission in certain special circumstances. In particular, the temporal decoupling of publication and
registration events establishes a somewhat ambiguous gray zone after publication and before registration
when names & acts are assumed to be available, even though they are technically not available until regis-
tered. Also, this scenario still suffers from all the complexities and ambiguities associated with traditional
paper publication entangled with nomenclatural availability. Finally, it may also require an increase in active
role of ICZN staff (with associated costs) to process registration requests and verify Code compliance for issu-
ance of GUIDs and exposing registration details to the public.

Scenario #2: Registration=Availability

In this scenario, the process of registration itself would be all that isrequired for availability of new names and
nomenclatural acts. Prior or subsequent publication through traditional venues is encouraged, but would not
be integral to nomenclatural availability.

The main advantage of this scenario is that the legalities of nomenclatural availability under the ICZN
Code and the science of taxonomy are disentangled from each other. This philosophy is fundamental to the
ICZN’srole, as articulated in the Introduction to the 4™ Edition of the ICZN Code (as quoted previously).

Other advantages of this scenario include the elimination of ambiguity concerning dates of availability,
the rendering of existing complexities of nomenclatural availability of published works as moot, and the
minor increases in the active role of ICZN staff.

The main disadvantage of this scenario is that it would represent a fundamental change to the way names
and nomenclatural acts are established (i.e. altogether eliminating publication process as part of the require-
ments for availability). There is concern by many that by implication, taxonomists would lose their primary
benchmark for establishing professional status (i.e. their CVs would have fewer publications listed). Even if
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taxonomists followed through with proper taxonomic descriptions in published form, there is concern that
journals might no longer publish taxonomic descriptions if the articles no longer carry the prestige of estab-
lishing new names and acts in accordance with ICZN rules. Moreover, although there are no existing require-
ments in the Code for peer-review or any other form of explicit quality control (for the taxonomy associated
with the nomenclatural acts), the existing requirements for publication result in a de facto standard of peer-
review and quality control. This would potentialy be lost if nomenclatural acts were dissociated from the
richer context of taxonomic work that often is included as part of published nomenclature. Finally, there is
some concern that if the process of conferring availability of names under the Code were so simplified, lazy
taxonomists might never get around to publishing the full description after the name is registered, potentially
creating many names without robust taxonomic definitions. Even worse, bad taxonomists (and non-taxono-
mists) might abuse the system by registering hundreds of bogus and unneeded names, perhaps for unscrupu-
lous reasons (e.g. selling names for money).

Scenario #3; Publication=Registration=Availability

In this scenario, the ZooBank web site would host a full-blown, edited, peer-reviewed online journa (like
ZooTaxa or Zookeys) in which all names and nomenclatural acts must be published. In this scenario, the sci-
ence of taxonomy becomes an explicit part of the nomenclatural process (by Code rules). Submitted manu-
scripts would be open to non-anonymous review by any interested or concerned taxonomist.

There are many potential advantages to this scenario. For example, al taxonomic publications would
appear in asingle venue (asis now done for bacteria), instead of scattered across thousands of journals. There
would no longer be a potential for one author to steal another’s work by trying to submit a plagiarized work to
a journa that has a faster turnaround time. All manuscripts would be examined by a large contingent of
reviewers, instead of just a handful, greatly improving the reviews as well as democratizing the process. These
reviews would be public (instead of anonymous), so persona grudges or biases of the reviewers would be
exposed to scrutiny by the whole community. Moreover, a dedicated nomenclatural journal of this sort would
mean that the review criteria would explicitly address all necessary aspects of code-compliance and proper
nomenclature. Indeed, this scenario would enjoy all of the other advantages of an online review process (fast,
iterative, open to bidirectional feedback, etc.), and, perhaps most importantly, would not be subject to any
copyright restrictions.

Equally significant are the potential disadvantages to this scenario. Foremost, it would represent a major
and fundamental change to the way taxonomy is done, both in terms of legalities of nomenclature and for the
science of taxonomy. The legalities of nomenclatural availability and the subjective science of taxonomy
would, for the first time, be formally coupled under Code rules. Although the open review process proposed
under this scenario is appealing, many taxonomic groups do not have many (or even any) experts who would
serve as reviewers, and thus submitted manuscripts may never receive appropriate peer review (although this
isno less true in the current publication paradigm). Such a system would impose a huge burden on the taxo-
nomic community to provide peer reviews to 16,000-24,000 new names each year (again, in theory this
would be no different from the current paradigm). It has also been pointed out that under this scenario, exist-
ing journals that depend on taxonomic descriptions and nomenclatural acts to fill their pages and maintain a
subscriber base may be driven out of business. Also, the criteria for determining how, when and by whom a
submitted manuscript should be deemed accepted will always be a subjective and contentious issue.

These are by no means the only possible scenarios for implementing mandatory registration in ZooBank.
Many other possibilities exist, including various aspects of these three scenarios, as well as other factors not
accounted by them. Much careful discussion and consideration will be required before aworking scenario can
be crafted, and the associated technical infrastructure developed. It is of vital importance that this discussion
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be open to the broadest possible array of practicing taxonomists (not all of whom are able to participate in
online discussion forums).

What is clear, however, is that the basic notion of online registration for nomenclatural acts (and associ-
ated publications) is generally desired by the mgjority of practicing taxonomists who have participated in dis-
cussions so far. Aswith so many aspects of science (and in particular issues concerning the Code) ‘the devil is
in the details’. Nevertheless, scientific names for animals are every bit as relevant and important to a wide
variety of different fieldsin biology and medicine, as they were two hundred and fifty years ago in the time of
Carl Linnaeus.
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Abstract

Taxonomic paradigms have changed several times during the history of taxonomy, yet a single nomenclatural system, so-
called Linnaean, has remained in force all along. It is theory-free regarding taxonomy as it relies on ostensional alloca-
tion of nominato taxa, rather than on intensional definitions of nomina(e.g., “ phylogenetic definitions’). Nomina are not
descriptions, definitions or theories but simple labds designating taxa. Both for theoretical and practical reasons, this
system should be maintained for the allocation and validity of nomina under a cladistic taxonomic paradigm. Whereas
taxa can be cladistically defined by apognoses or cladognoses, nomina should remain attached to taxa through onomato-
phores, combined in some cases with a Principle of Coordination. Under such a system, the allocation of nominato taxa
is automatic, unambiguous and universal, and nomenclature does not infringe upon taxonomic freedom. However, to
avoid misunderstandings and to solve some current problems, the current Code of zoological homenclature should be
improved in several respects. The distinction should be made clear between taxonomic categories, which have biological
definitions, and nomenclatural ranks, which do not, as they give only a position in a nomenclatural hierarchy: if used
consistently under a cladistic paradigm, they simply allow to express hypotheses about successive branchings and sister-
taxarelationships. Taxareferred to agiven rank in different groups cannot therefore be considered eguivalent by any bio-
logical criterion. The nomenclatural rules should cover the whole taxonomic hierarchy, which is currently not the casein
zoology. The recent strong increase in the number of higher taxa which results from cladistic analyses may quickly lead
to chaos and problems in communication if the nomina of these taxa continue to be based on personal tastes and opin-
ions. Thereisan urgent need for the zoological Code to cover these nominawith automatic and stringent rules leaving no
place to subjective interpretation. Just like for those currently covered by the Code, the status of these nomina should be
established in their first publication (nomenclatural founder effect). The Code should be protected against alternative
nomenclatural systems by rejecting as unavailable all nomina and nomenclatural acts published without respecting the
basic Linnaean system of nomenclatural hierarchy of ranks.

Key words: Allocation of nomina to taxa, Apognoses, Cladistic hypotheses, Cladognoses, Code, Definitions of taxa,
Diagnoses, Equivalence between taxa, Hypotheses, Linnaean nomenclatural hierarchy, Monosemy, Nomenclatural
founder effect, Nomenclatural parsimony, Nomenclatural ranks, Nomenclature, Nomina, Onomatophores, Polysemy,
Principle of Coordination, Redundancy, Taxa, Taxonomic categories, Taxonomy

Printing conventions

In the text and tables bel ow, species-series and genus-series nomina are printed, as usual, in lower caseitalics,
whereas nomina of higher-ranked taxa are printed in small capitals, with the following distinction: family-
series nomina are in ITALICS, whereas class-series nomina are in BOLD. In this paper, “the Code’ designates
the edition currently in force of the International Code of Zoological Nomenclature (Anonymous 1999) and
“ICZN" the International Commission on Zoological Nomenclature.

A preliminary statement

At the beginning of the “century of extinction” (Dubois 2003), the science of biology is facing a new para-
digm, which results from the combination of two different facts: the taxonomic impediment and the biodiver-
sity crisis. This statement is summarized in the following sentences. “In face of the biodiversity crisis, the
need for urgency could be no greater. (...) The grand biological challenge of our age is to create a legacy of
knowledge for a planet that is soon to be biologically decimated.” (Wheder et al. 2004: 285). This well-
known statement will not be discussed further here but these ideas will be kept in mind throughout the discus-
sion below.
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Taxonomy and nomenclature

Science is the study of reality, not reality itself. It provides methodologies, concepts, theories, modeds and
hypotheses. Theories and hypotheses are accepted and used as valid as long as they have not been refuted.
This does not mean that they are “true” or that they reflect exactly the reality.

Taxonomy is the science of classification of organisms. It recognizes classificatory units, the taxa (singu-
lar taxon). Within any given classification or ergotaxonomy (Dubois 2005c¢), taxa may be defined according to
ataxonomic paradigm, i.e., atheory of biological classification.

Nomenclature is a technique allowing to name the taxa. It makes use of Latin or Latin-like “scientific
names’ or nomina (singular nomen) (see Dubois 2000b), that allow finding the taxonomic information they
refer to. A nomen isjust alabel—not adescription, adiagnosis, a definition, a coordinate, amodel or atheory.
A nomen may be either defined by intension (e.g., “all black animals’) or extension (e.g., alist of black ani-
mals), or smply attached to ataxon by ostension (e.g., pointing to a particular black animal).

A nomen is not ataxon. A taxon may be defined without being named: for example, it may simply be
described, diagnosed or defined, or it may be designated by a code or a number (numericlatures). A homen
may be created without designating a taxon (nomen nudum). Several distinct nomina may designate the same
taxon (synonymy): this may result from objective or nomenclatural synonymy, or isonymy (Dubois 2000b), or
from subjective or taxonomic synonymy, or doxisonymy (Dubois, 2000b). Two identical nomina may desig-
nate different taxa: as we will see, this may result (1) from homonymy, i.e., identity or similarity between dif-
ferent nomina, or (2) from eponymy, a situation resulting from the partially polysemic nature of the current
nomenclatural systemsrelying on a Principle of Coordination, according to which the same nomen designates
several coordinated taxa, e.g., a genus and one of its subgenera, or (3) from changes in the ergotaxonomies
used by different authors and therefore in the intensions and extensions of taxa.

The aim of taxonomy is to provide a scientific classification of living organisms. Like all scientific disci-
plines, taxonomy relies on scientific theories or paradigms. Several “schools’ of taxonomy or taxonomic par-
adigms have been in force during the long history of biology since the middle of the XVIII™ century. They
differ mostly by their concepts of taxa. Thisis awell-known and long-discussed matter (e.g., Mayr 1982), that
needs only to be very briefly reminded here.

Under an essentialistic or typological taxonomic paradigm, taxa were viewed as corresponding to an
essence (Platonic eidos), fixed forever by their creator and unliable to change or evolve: the duty of taxono-
mists was then understood as to discover the “design” of God and to trandlate it into a classification. Under a
phenetic taxonomic paradigm, the classification was based on overall similarity, and the role of taxonomists
was seen mostly as developing reliable methods for measuring this similarity. Both these approaches, as well
as others not mentioned here, are now largely obsolete, although the last one may have to be revived in the
future, at least for the taxonomy of organismsin which lateral gene transfer is an important evolutionary phe-
nomenon and concerns a large part of the genomes (Doolittle 1999). Two main taxonomic paradigms are cur-
rently in force in zoology and botany. Under a cladistic taxonomic paradigm, the classification is based on
cladistic relationships, and the role of taxonomists is seen mostly as developing reliable methods for inferring
these relationships and reconstructing the “tree of life”: the only taxa recognized are groups considered holo-
phyletic (Ashlock 1971) or “monophyletic” sensu Hennig (1950, 1966), i.e., including an ancestor and all its
descendants. Finally, under an evolutionary or synthetic paradigm, classification is understood as aiming at
reflecting the patterns of evolution, considered not only as a series of cladogenetic events, but also of anagen-
esis and adaptation: therefore two kinds of taxa can be recognized, either holophyletic or paraphyletic (Hen-
nig 1950, 1966), both categories of taxa that are homophyletic (Dubois 1986, 1988b) or “monophyletic” sensu
Haeckel (1866), i.e., non-polyphyletic. These current taxonomic paradigms cannot be considered as “the final
word” in the history of taxonomy, the “ultimate taxonomic paradigm”, especially as they do not account for
phenomena like lateral gene transfer and reticulate evolution, and do not take into account the complex phe-
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nomena that are involved in the relationships between genetics and development (Evo-Devo), so that thereis
no a priori reason for rejecting the possibility that they might be replaced in the future by another paradigm or
several (Dubois 2005¢).

In contrast, nomenclature is not a science but a technique, atool at the service of taxonomy. In order to
play properly thisrole, to remain universal and to follow the changes occurring in taxonomic paradigms while
keeping a high robustness in the nomina of taxa, nomenclature should not be linked to a scientific theory of
classification, but should depend on a set of stringent, universal and stable rules, i.e., on a Code, that can be
used under any taxonomic paradigm.

Nomenclatural rules should therefore be theory-free regarding taxonomy (Dubois 2007a). This tool
should be as neutral as possible, in order to respect what the Code calls “the freedom of taxonomic thought
and action”. Thisis similar to grammatical rules relative to language or literature: they do not tell us what to
say or write, but how to do it, and they are universal and stringent for proper communication. The rules should
be devised in such a way that they can be used by all taxonomists whatever their opinions on taxonomy, and
that they apply to nomina created within any given taxonomic paradigm, even after their transfer into another
paradigm.

In some recent publications, the term “clade” has been used to designate some kinds of taxa, i.e., groups
that are considered holophyletic under a cladistic hypothesis of relationships. In the scientific field of phylo-
genetic research, hypotheses can be built about relationships between organisms. Clades no doubt have
existed and exist in the real world, but the“ clades’ resulting from cladistic analysis are not the “real clades’ of
the real world: they are theories, hypotheses, that can be refuted. Several terms have been proposed to desig-
nate such hypotheses (see Dubois 2006b: 826), among which the clearest one isthat of “cladon” (Mayr 1995).
Cladons are taxa of a particular kind, recognized under the tree of life (cladistic) paradigm. Cladons, just like
any other kind of taxa, can be defined, but not discovered. Below, they will ssimply be designated as “taxa’, not
“clades’, as| do not think that taxonomy deals with clades, but with hypotheses about clades.

Categoriesand ranks

Most scientific classifications of living organisms so far have used hierarchical nomenclatural systems with
successive ranks from the highest to the lowest. Thus, in zoology, the partial nomenclatural hierarchy regu-
lated by the Code recognizes at least 11 ranks. superfamily, family, subfamily, tribe, subtribe, genus, subge-
nus, species group, species, subspecies group and subspecies. Additional ranks between superfamily and
subtribe can be used also if necessary, but not between subtribe and subspecies.

In zoology, the nomenclatural hierarchy has been arbitrarily divided into five nominal-series (Dubois
2000b). Each nominal-series includes several ranks. Severa recent authors made a confusion between rank
and nominal-series, so some clarifications may be useful.

Three nominal-series (“groups of names’) are recognized by the Code, which regulates the use of their
nomina. The family-series includes nomina of the ranks superfamily (ending in —0IDEA), family (ending in
—IDAE), subfamily (ending in —INAE), tribe (ending in —INI), and subtribe (ending in —INA), and possible addi-
tional ranks without fixed endings. Bour & Dubois (1985, 1986) and Dubois (2006a) proposed standard end-
ings for some of these ranks. The genus-series includes only two ranks allowed by the Code, genus and
subgenus (see Dubois 2006b,d, 2007b). The species-series includes four ranks recognized by the Code, spe-
cies-group (as “aggregate of species’), species, subspecies-group (as “ aggregate of subspecies’) and subspe-
cies, no additional ranks being allowed by the Code (see Dubois 2006b).

Besides, two nominal-series are not recognized and regulated by the Code. The class-series (Dubois
2000b) includes all nomina of taxa of the highest ranks: order, class, phylum, reign, etc. These nomina are
currently not regulated by the Code, but this would be very useful to avoid the progressive instauration of a
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chaos in higher nomenclature with the increase in the number of higher taxa that follow the multiplication of
molecular phylogenies. Detailed rules have been proposed to incorporate these nomina into the Code (Dubois
2006a). The variety-series (Dubois 2005a,c) includes the nomina of all taxa of the lowest ranks, such as vari-
ety, natio, form, etc. Incorporating these nominainto the Code would also be useful, in order to alow naming
entities at low levels of analysis, e.g. for phylogeographic studies or for conservation biology (Dubois 2006b).

Nominal-series play a crucial role in the functioning of zoological nomenclature, much more important
than ranks by themselves. This is misunderstood by all those who qualify the nomenclatural system of the
zoologica Code as a “rank-based nomenclature”. The two main characteristics of this nomenclatural system,
which regulate the valid nomen of any taxon within the frame of any taxonomic arrangement, are the alloca-
tion of nominato taxa through ostension using onomatophores (Simpson 1940; Dubois & Ohler 1997; Dubois
2005c), and the recognition of three distinct nhominal-series among which a Principle of Coordination isin
force (Dubois 2005c¢). Ranks by themselves play no role in the establishment of the valid nomen of ataxon. It
would be more appropriate to call this system “onomatophore-based nomenclature” (Dubois 2005c¢), “ osten-
sional nomenclature”, or “ostensional eponymic nomenclature”, but such terms would be pedant and cumber-
some, so it seems better to keep the traditional term “Linnaean nomenclature”, although this nomenclatural
system is quite different from that used by Linnaeus himself (Moore 2003; Dubois 2005¢, 2006c).

The basic function of nominal-seriesis to allow nomenclatural parsimony, as any homen given to ataxon
within a nominal-series is available also for other taxa in the same nominal-series. This is made possible in
this system because all nomina in the same nominal-series interact concerning: (1) coordination and epon-
ymy; (2) synonymy; (3) homonymy:; (4) priority. Among all nominathat may potentially apply to any given
taxon of a nominal-series in a given ergotaxonomy, the valid nomen is usually established by priority of pub-
lication.

On the other hand, nomina do not interfere between nominal-series for eponymy, synonymy, homonymy
and priority. The only interactions between nomina of different nominal-series are: (1) through the use of
some nomina in alower series as onomatophores for nomina of an upper series. “type-species’ for nominal
genera or subgenera, and “type-generd” for nominal family-series taxa; (2) in afew very special cases (Art.
32, 33, 35, 39 and 40 of the Code) which concern only family-series nomina (Dubois 2008c).

Arenomenclatural ranksuseful or harmful?

The usefulness of homenclatural ranks has been challenged recently by some authors who support unranked
nomenclatural systems recognizing only “taxa’ (or sometimes “clades’) which are not referred to ranks. In
fact, few of these authors really follow afully unranked nomenclatural system, which would require abandon-
ing also the ranks species and genus. Most of them in fact adopt a “partially ranked” nomenclatural system,
using Linnaean nomenclature for taxa at the ranks species and genera, and sometimes also families, superfam-
ilies, subfamilies and tribes, but using the term “taxon” for al other taxa above, between or below the latter in
their hierarchy. In particular, as will be discussed in more detail below, some authors use pseudoranked
nomenclatural systems (Dubois 20074), in which they refer some taxato formal ranks (genus, subfamily, fam-
ily) but without respecting the hierarchical arrangement of taxa in which sister-taxa are afforded the same
rank.

Discussing the usefulness of ranks will require exploring two distinct questions: (1) the problem of arbi-
trariness of ranks and equivalence of taxa referred to the same rank; (2) the hierarchical organisation of taxo-
nomic information.
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The equivalence of taxareferred to the same taxonomic category

In the scientific literature dealing with biodiversity, in various fields including evolution, palacogeography,
biogeography, ecology, conservation biology, etc., there is a widespread use of ranks for taxonomic compari-
sons between taxa, faunae, periods, etc. Such works rely for example on numbers of genera, families, orders
or classes to compare faunae in different regions or at different epochs. This would suggest that evolutionary
patterns, taxonomic richness and diversity, etc., can be inferred from nomenclatural patterns, as such calcula-
tions rely on the nomenclatural ranks afforded to taxa. Are such comparisons warranted? They would be so
only if taxa at the same rank in different groups were “equivalent”, at least by some criteria.

In this context, equivalence requires common criteria (Schaefer 1976). Such criteria can be used either to
establish taxa that are equivalent in some respect, or to measure the equivalence between taxa previously
established using other criteria. Various criteria have been used for this purpose (Dubois 1988b), e.g., among
others, quantitative metataxonomic criteria, phenetic criteria relying on characters, relational criteria or abso-
lute age of taxa. Let us consider some of these approaches more closdly.

The metataxonomic criterion of Van Valen (1973) relies on the number of taxa at different ranks in differ-
ent taxonomies. Some taxonomies appear “well-balanced” (e.g., CHONDRICHTHYES), others “oversplit”
(e.g., AMPHIBIA) and others “overlumped” (e.g., AVES), but these disparities can have various causes, from
different taxonomic practices in different zoological groups to genuine differences in their evolutionary pat-
terns. Therefore, this criterion can hardly be used to standardize the use of ranksin zoology, but it can provide
interesting information when comparing classifications (Dubois 1988a-b).

Phenetic criteria relying on characters (obtained from morphological, molecular, karyological, ethologi-
cal, bioacoustical or other data) allow estimates of various “distances’ between taxa (Dubois 1988b) and pro-
vide measurements of variability and dispersion within various taxa. Such criteria can also be used to compare
the taxonomies of these different groups, but hardly to standardize the use of ranksin zoology. Within agiven
group, it is possible to use some ecological or behavioural characters to homogenize the use of ranks: for
example, in the AMPHIBIA, it has been suggested that holophyletic taxa with different reproductive modes be
afforded the rank of genus, except when this contradicts the crossability criterion discussed below (Dubois
1988b, 2004b). However, such criteria cannot be generalized to the whole taxonomic hierarchy, asthey can be
used only for closely related taxa sharing homologous characters (Schaefer 1976).

Relational taxonomic criteria or relacters (Dubois 2004b), based on real interactions between organisms
(not on comparisons of characters by scientists), such as the mixiological criterion at the species level (Mayr
1940, 1942, 1963; Dubois 2008d,f) or the crossability criterion at genus level (Dubois 1981, 1988b, 2004b)
require certain precautions for proper use, but these are not always respected. For example, according to the
“biological species concept”of Mayr (1940, 1942), the mixiological criterion at the species level states that
whenever two entities freely exchange genesin nature, i.e., when an unbiased bidirectional introgressive gene
flow exists between them in a contact zone, these two entities are part of the same species taxonomic unit. But
the fact that, in captivity or in artificial conditions, individuals of two entities are able to give birth to living
offspring, is not by itself sufficient to consider them conspecific, as suggested by some (e.g., Samadi & Bar-
berousse 2006), as various factors, e.g. behavioural, can impede gene flow between them in nature: many
cases are known of species fully separated in nature although they are genetically compatible. In contrast, at
generic level, the crossahility criterion simply states that whenever two species are liable, in natural or artifi-
cial conditions, to produce viable hybrids, these two species should be referred to the same generic taxonomic
unit, but the reverse is not true: intersterile species may well be congeneric (for details, see Dubois 1988h).
When used carefully and rigorously (i.e., respecting these precautions), relacters are very helpful for a stan-
dardization of taxonomy at and between the ranks species and genus in some zoological groups. However,
such criteria cannot be generaized to the whole taxonomic hierarchy, as they cannot apply to ranks above
genus and to organisms that are not bisexual or that have peculiar meioses (Dubois 2008d, 2008f), not to men-
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tion the fact that they cannot be applied to fossils.

The proposal to standardize the use of ranks over the whole zoology through the absolute age of taxa was
first made by Hennig (1936, 1950, 1966), subsequently abandoned and recently revived by Avise & Johns
(1999) and Avise & Mitchell (2007). Thanks to the recent improvement of molecular dating methods of of
cladogeneses, this criterion is very promising and might be implemented in the future, but for the time being
thisis difficult, because of three different kinds of problems. First, this approach cannot be of generalized use
today because of missing information for many groups of organisms. This problem will progressively be
solved as data are accumulated. Second, this approach applies only to organisms living synchronically, e.g.,
nowadays, as otherwise all fossil taxa would have to be given higher ranks simply because they lived long
ago! The datation of fossil groups for which no representatives exist in the current faunais today more diffi-
cult, but progress in dating methods for these groups can be expected. As molecular and palaeontol ogical data
increase, it will be possible to estimate the absolute age of all major taxa at any period of the earth’s history,
and therefore to use this method for rank assignation of taxa, but these ranks will be valid only for compari-
sons of synchronic taxa (living at the same period). Thirdly, implementing such a change in the allocation of
ranks to taxa would pose strong problems regarding “taxonomic tradition”, as well illustrated by Avise &
Johns (1999): in the cases of the cichlid fishes of lake Victoria, of anthropoid primates and of fruit flies of the
genus Drosophila, any time-scale standardization in the ranks given to taxa would result in changing drasti-
cally the ranks traditionally givento taxain at least two of these three groups. Therefore, such adrastic change
would be impossible to carry out through the individual action of some zoologists, and could be so only
through a collective action of the international community in one or several large international meetings
(Dubois 2007a), the organization of which may take afew decades, if it ever occurs.

In conclusion, for the time being, there exists no method for a general standardization of the “meaning” of
ranks over the whole of zoology and palaeontology. The “meaning” of the rank family or genusis by no way
equivaent in flatworms, beetles and birds. Therefore, any comparison between faunas or taxonomies using
the ranks of taxa as a criterion (e.g., quantitative comparisons based on numbers of taxa at some ranks) is
unwarranted and misleading (Minelli 2000). This statement was one of the main reasons why several recent
authors rejected the use of ranks in taxonomy. But is this reason valid? It would be so only if nomenclatural
ranks were viewed as identical with taxonomic categories, an opinion that is shared by many but that is ques-
tionable. Dubois (2005c¢, 2007a) proposed to recognize a basi ¢ distinction between these two concepts, stating
that one refers to taxonomy and the other one to nomenclature.

The criteria of equivalence between taxa briefly reviewed above are of two kinds: biological and chrono-
logical. Biological criteria are all of limited use for equivalence, as they can be used only at low taxonomic
levels (species and genus), and are not relevant in various situations. Chronological criteria are potentially
general but face three problems (missing data, applicability only for synchronic taxa and taxonomic tradition)
that preclude their implementation over the whole of zoology for the time being. Thisistrue, but, as discussed
below, the use of such criteria in some situations can however be informative as it allows to obtain useful
information regarding the patterns of evolution. Sets of taxa defined by such criteria can be designated as tax-
onomic categories. Taxonomic categories are categories of taxa that share some common features and are
equivalent by some taxonomic criterion. They do not provide information on cladogenetic relationships, but
thisinformation can be provided by nomenclatural ranks. On the other hand, nomenclatural ranks are nomen-
clatural tools which only provide information on the detailed hierarchical structure of ataxonomic hierarchy,
but no information on the evolutionary peculiarities of the taxain this hierarchy. To make this unusual distinc-
tion fully clear, afew words must be said about taxonomic categories as here defined.
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Taxonomic categories

The interest in taxonomic categories, particularly in “evolutionary categories’, was high in the middle of the
XXth century, at the time of the “evolutionary synthesis’” (Mayr 1982). In contrast with the current situation,
the focus of interest of evolutionary biologists then was not so much in the cladistic relationships, but mostly
in “micro-evolutionary processes’, such as speciation, hybridization, adaptation, etc. Evolutionary taxonomic
categories were devel oped then because they were considered a useful tool for evolutionary biologists: refer-
ring a taxon to one of these categories (Rassenkreis, Artenkreis, superspecies, semispecies, subspecies, etc.) is
asimple and brief way to provide some information, for example on the “stage” in the process of speciation
reached by various allopatric entities in an archipelago. This is part of the special domain of taxonomy that
deals with species and other low-level taxa, which has been designated as microtaxonomy (Mayr & Ashlock
1980) or eidonomy (Dubois 2008d). In strong contrast with nomenclatural ranks, such categories are indeed
defined by biological and/or chronological (i.e., evolutionary) criteria, and al taxareferred to one of these cat-
egories are indeed equivalent by these criteria. Many such taxonomic categories, most of which are at the
nomenclatural rank of species, just above or just below, have been proposed, mostly in the first half of the
XX™ century. Several good reviews and syntheses about these eidonomic categories, their definitions and use-
fulness, with examples of evolutionary situations referred to by these concepts and terms, are available (Ber-
nardi 1956, 1957, 1980; Haffer 1986). More recently, other eidonomic categories (klepton, klonon, kyon, etc.)
were established to accommodate bisexual, unisexual or asexual entities that have special reproductive modes,
often with particular gametogeneses with special meioses, metameioses or ameioses (Dubois & Gunther
1982; Dubois 1991, 2008d.,f; Bogart et al. 2007).

Although most of these taxonomic categories are situated around the species level, this approach can be
useful also at the genus level, as shown by the proposal to use data from interspecific hybridization as a
relacter to delimit genera (Dubois 1988b). Combined with the requirement to recognize as taxa only groups
that appear holophyletic with the data available, and with the use of other criteria such as the reproductive
mode, this criterion allows to greatly enhance the objectivity, repeatability and equivalence of generic taxa, as
illustrated in the AMPHIBIA (Dubois 1987, 2004b), where genera recognized on the basis of cladistic data
alone (e.g., Frost et al. 2006) are in no respect equivaent or even comparable, and may be considered much
less useful to many biologists.

This evolutionary or synthetic approach to taxonomy is certainly not “fashionable” today, where few tax-
onomists work at population level, consider adaptation as an important taxonomic criterion or work on hybrid
zones or artificial hybridization to obtain information that they will use in their taxonomic work. However, the
idea that cladistic relationships between organisms is the only information interesting for taxonomists is a
very strange one indeed, and it seems reasonable to think that times will come when young taxonomists
become again interested in these matters. When this occurs, they will certainly take advantage of therich liter-
ature of the last century on these questions, and of the evolutionary taxonomic categories created by the
authors of this period.

As explained above, these categories are based on biologica or chronological criteria, but not on cladistic
data. They can be used in some cases to make taxa in different groups “equivalent” in some respect, but this
has no generality over the whole animal kingdom as these criteria are irrelevant and non-usable in many cases.
Thus, the mixiological criterion as used at species level cannot be used in alopatry or alochrony, or between
species that are intersterile, whereas in contrast, knowing that two entities prove interfertile in captivity or
under artificial fertilization does not tell us whether gene flow occurs between their populations when they get
in contact in the field: the only way to have the answer to this question is through field work and observation
of the contact zone. Such categories are often more meaningful to field naturalists than to laboratory workers.

The confusion between taxonomic categories as here defined and nomenclatural ranks has long created
difficultiesin theoretical discussions among taxonomists and even among evol utionary biologists. They stem

58 - Zootaxa 1950 © 2008 Magnolia Press DUBOIS



in many cases from the use of the same term to designate different concepts. This is particularly true of the
term species, which has been used in many sensesin biology, and even in two fully different sensesin system-
atics, to designate either ataxonomic category or a nomenclatural rank.

The many “species concepts’ that are repeatedly discussed by theoreticians of systematics apply to the
taxon species. they are taxonomic concepts. In contrast, the use of the rank species to designate a taxon is a
matter of nomenclature. In order to avoid the confusion between the two distinct uses of the term “species’, it
appears useful, either to create two new terms, or to restrict the use of this term to one of these two situations.
Being more parsimonious, the second solution was retained by Dubois (2007a, 2008d,f) who proposed to
restrict the use of the term “species’ to the nomenclatural rank. As a matter of fact, whatever the taxonomic
paradigm they use, or even if they use none (which is often the case!), all biologists designate the organisms
they study under abinominal Latin nomen, their species nomen, like Drosophila melanogaster or Homo sapi-
ens. Such nomina, which carry by themselves no information on the criteria used to build the classification,
are those which are found not only in all scientific publications, but also in all official textsand listsin forcein
commerce, customs, laws, conservation biology, etc. It seems therefore better to restrict the use of the term
“gpecies’ to this nomenclatural acceptation of the term. For the taxonomic concept designating a unit in a
classification, Dubois (2007a) suggested to use a similar term but ending in —on, just like the term “taxon”:
specion. As there are several distinct concepts of specion, they can be given different designations, such as
mayron for the “biological species concept”, simpson for the “evolutionary species concept”, klepton for a
taxon accommodating entities reproducing by “hybridogenesis’ or gynogenesis, or klonon for those reproduc-
ing by parthenogenesis (for more details, see Dubois 2008d,f). These terms, and many others that could be
coined in a similar way, designate different kinds of specions, i.e., taxonomic categories defined according to
different criteria. They are therefore alternative categories, which have no hierarchical relationships between
them. Nomenclaturally, all these taxonomic categories include taxa which are referred to the same nomencla-
tural rank, that of species.

The same distinction can be made for taxa referred to nomenclatural ranks above the species, e.g., genion
for a taxonomic category that can be recognized on the basis of biological criteria like crossability for taxa
referred to the rank genus (Dubois 2007a, 2008d). However, this process soon reaches its limits when one
moves upwards in the nomenclatural hierarchy, because, for reasons discussed above, there are no common
biological criteriaallowing to define ataxonomic category like family, order, class or reign. The chronological
criterion of the absolute age of taxa could allow defining such categories, but the time is not yet ripe for this,
as we have seen.

Nomenclatural hierarchy: the Principle of Coordination

A hierarchical presentation of biological classifications has been used long ago, even before the works of Lin-
naeus, which however are striking as showing a very consistent use of such a system (Dubois 2007c). A hier-
archical presentation is indeed much more informative than a non-hierarchical one (Knox 1998), just like a
database or even asimple index where all items are listed alphabetically are less useful for finding an informa-
tion than hierarchical ones (Dubois 2007d). This practical aspect of taxonomic hierarchies, as a device for
storing, tracking and retrieving information is an important one, that should not be ignored or despised (Crac-
raft 1974; Mayr 1982; Ashlock 1984; Benton 2000). Besides and quite independently, although initially they
were viewed as expressing the scala naturae, i.e., a scale of value and importance of organisms credited to
God, it so happens that hierarchical taxonomies are particularly efficient for presenting cladistic information.
Under the “tree of life” paradigm, diversification of organisms can be reduced to a succession of cladogenetic
events. Thisisasimplified vision of evolution, which ignores the importance of anagenetic change within lin-
eages aswell as all phenomena of reticulate evolution, speciation through hybridization and lateral gene trans-
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fer, but this simplification provides an efficient tool for building taxonomies. Under this paradigm, each
cladogenetic event in the “tree” can be expressed by a new hierarchical level in aclassification. A hypothesis
of cladistic relationships can be expressed in different ways, such as atree, alist with successive indentations
from the margin, or a hierarchical arrangement of taxa successively included in each other. In this case, inclu-
sion of ataxon G in another one F (such as agenus in afamily) expresses the fact that the cladogenesis which
gave birth to G was posterior to that which produced F. In terms of logic, successive inclusion of taxa is
strictly equivalent to a tree with successive branchings. This is for example the case of figures 2 and 3 in
Dubois (20064).

Thistaxonomic hierarchical representation of phylogeny can be expressed nomenclaturally, and thisisthe
role of ranks. Although ranks were not used for this purpose in the early days of taxonomy, it turned out that
they can play this role very well. However, to use the nomenclatural hierarchy as a reflection of the structure
of a cladogram or a phylogenetic tree requires a few assumptions. It seems that misunderstanding these
assumptions played arole in the recent rejection of ranks by some taxonomists.

The first important assumption is that sister taxa must always be referred to the same nomenclatural rank
(Raikow 1985; Sibley & Ahlquist 1990): they are therefore parordinate (Dubois 2006b: 827). Second, any
taxon is subordinate to a single upper taxon, which must be referred to the just upper rank. It may be
superordinate to two or more taxa of just lower rank. In such a system, the relations between all taxa that are
connected by superordination, parordination or subordination are relations of coordination. In the absence of
such relations between them, two taxa may be described as being in a relation of alienordination (from the
Latin alienus, “foreign”, and ordo, “order”)’. Thus, in the recent AMPHIBIA, according to the cladistic
relationships currently agreed upon by most authors (e.g., Frost et al. 2006), and according to the higher
nomenclature of Dubois (2004a, 2005d), the taxon BATRACHIA is the sister-taxon of the GYMNOPHIONA:
they are parordinate taxa that must be given the same rank, in this case that of superorder. Both are
subordinate to the subclass NEOBATRACHI, and the superorder BATRACHIA is superordinate to the orders
ANURA and URODELA. The latter are alienordinate to any other taxon that is not directly related to them by
coordination, e.g., the GYMNOPHIONA.

Under the Code, to be nomenclaturally available, any nomen must be published following a set of strin-
gent rules (Dubois 2005c¢, 2008e). This includes the need to refer this nomen to one of the three nominal-
series recognized by the Code: family-, genus- or species-series. As ranks and nominal-series have no biolog-
ical meaning by themselves, this assignation is arbitrary, mostly guided by tradition and consensus. This poses
(or should pose) no problem to taxonomists, who know (or should know) that ranks are meaningless, and it
should be their duty to explain this to laymen in order to avoid them to believe the contrary (Dubois 2006c¢).

The Principle of Coordination is a major rule of the Code, which states that, within a nominal-series,
among all the parordinate taxa that are subordinate to the same superordinate taxon, one, caled in the Code
the “nominotypical taxon”, must bear the same nomen (with the same nomenclatural author and date) as this
superordinate taxon. The nomen of the subordinate taxon is identical in spelling to that of the superordinate
taxon in the species-series (subspecies temporaria of the species Rana temporaria) and in the genus-series
(subgenus Rana of the genus Rana), but must be emended to indicate the rank in the family